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ABSTRACT

A partial characterization (proximate, amino acid and
fatty acid compositions, electrophoresis, a, and color) of lori-
cariid catfish (Pterygoplichthys disjunctivus, Weber, 1991) roe,
aninvasive species of dams and rivers worldwide, was carried
out and evaluated as a possible food resource. Mature roe
showed high protein and lipid concentrations (26.0 + 1.5 and
8.2 £ 0.7, respectively), low a, (0.89), and a yellow to orange
color (hue angle of 68.90 + 8.5° and chroma of 32.0 + 0.2).
Roe showed that essential amino acids (EAA) prevailed over
non-essential (NEAA) (EAA/NEAA ratios of 1.4 and 1.6 for total
and free amino acids, respectively) and low w6/w3 balance
(0.98). Due to its characteristics, loricarid catfish roe can be
used as a raw material for caviar-type products.
Keywords: Loricariid catfish, Roe, Fatty acids, Amino acids.

RESUMEN

Se realizd una caracterizacion parcial (andlisis
proximal, composicién de aminoacidos y &cidos grasos,
electroforesis, actividad de agua y color) de la hueva del pez
Armado (Pterygoplichthys disjunctivus, Weber, 1991), una
especie invasiva de presas y rios en el mundo entero, para
su evaluacién como posible recurso alimenticio. La hueva
madura mostré altas concentraciones de proteina y lipidos
(26.0 + 1.5%y 8.2 + 0.7 %, respectivamente), baja actividad
de agua (0.89), y una coloraciéon amarilla-naranja (angulo de
matiz de 68.90 + 8.5° y cromaticidad de 32.0 + 0.2). La hueva
mostré excelente relacion de aminodcidos esenciales/no
esenciales con valores de 1.4y 1.6 para aminoacidos totalesy
libres, respectivamente, asi como un buen balance de 4cidos
grasos w6/w3 (0.98). Debido a las caracteristicas mostradas,
la hueva del pez Armado puede ser utilizada como materia
prima para la elaboracién de productos tipo caviar.
Palabras clave: Pez Armado, hueva, contenido de acidos
grasos y aminoacidos.

INTRODUCTION

The mature female gonads of many fish species
possess thousands of eggs with essential nutrients for the
embryo’s growth, until the product, in the larvae stage, can
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be capable of feeding itself (Plack et al., 1971). However, fish
gonads of many species can also be commonly used as a
food resource. Their non-fertilized eggs, commonly called
roe, represent a product with a high nutritional content
(Kirschbaum et al., 2006; Wang et al., 2007).

The loricariid catfish (Pterygoplichthys disjunctivus,
Weber, 1991), an endemic species for South America (except
Chile), Panama and Costa Rica (Armbruster and Page, 2006),
is an ornamental fish commonly used in North America and
other parts of the world to clean fish tanks from algae and
other debris. However, the species has made it to the wild
and invaded different water corps throughout the world. In
Mexico, this species have accidentally invaded reservoirs and
rivers with the subsequent ecological problem, impacting
some local fisheries (Rueda-Jasso et al., 2013). An example
is the invasion of the Adolfo Lopez Mateos reservoir (also
known as “El Infiernillo”) in the State of Michoacan, México,
affecting the economy of its surrounding communities,
which depend from the Balsas catfish (Ictalurus balsanus),
the redside cichlid (Cichlasoma istlanum) and tilapia fisheries
(Mendoza et al., 2009). The loricariids, besides entangling the
fishermen’s nets, have affected the capture of tilapia in the
region. At the time, this species (abundant in the reservoir
and its effluents) has been underutilized by the fishermen,
discarding all of its catches.

Recently, research in our laboratory has shown the
feasibility of loricariid catfish muscle utilization either fresh
(Marquez-Rios et al., 2015) or as a raw material for gel pro-
duction (unpublished data), as a mean to control the locariid
population in the reservoir. On the other hand, taken into
account the fertilization capacity of the species, going from
a mean of 2000 to 2500 eggs (with a maximum capacity of
almost 6700 eggs) in the summer months (Rueda-Jasso et al.,
2013), its roe could be also used as a food resource. Being a
highly reproductive species, it represents a good source of
roe since their gonads correspond to up to 30% of the fish
weight.

Thus, the objective of the present study was to par-
tially characterize fresh loricariid catfish (Pterygoplichthys
disjunctivus, weber, 1991) roe, and evaluate it as an approach
for possible food utilization.
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MATERIALS AND METHODS
Raw matter

Loricariid catfish (Pterygoplichthys disjunctivus, Weber,
1991) was obtained from a local fisherman in the Marquez
River, an important effluent of “El infiernillo” reservoir. Fish
was immediately stored in coolers in alternated layers of ice-
fish and transferred to the facilities of the Universidad de San
Nicolas of Hidalgo in the State of Michoacan, Mexico, where
they were eviscerated and gonads were obtained. Gonads
were packed in two plastic containers of approximately 1 Kg
each; ice stored in a cooler and transported by airplane, to
the CIAD Seafood Products Quality and Biochemistry Labora-
tory located in Hermosillo, Sonora, Mexico. Raw material was
always processed within 24 h post capture. Two samplings
trips were conducted (May and November 2008) in order to
elucidate the chemical composition of the roe due to season
variation. Then, after season was selected two more sam-
plings were conducted (May and July, 2009) for the study. All
samplings were conducted under the same sanitary condi-
tions.

Physicochemical analys

Proximate composition (water, lipids and ash content
of roe) was carried out following the AOAC (2000) (Methods
950.46, 960.39, and 938.08, respectively) procedures. Protein
content (N X 5.7) was obtained according to Woyewoda et
al. (1986). Carbohydrates were calculated by difference. Roe
size and weight were evaluated with a vernier scale and an
analytical balance, respectively. Total caloric value was eval-
uated according to Chizzolini et al. (1999) expressed in kcal
100 g of sample. pH was determined by direct immersion of
electrode in the roe. Water activity (a,) was conducted with
a PawKit hygrometer (Decagon Corp.). The color of samples
was 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¥). Additional color traits such as hue angle (6) and
chroma (C) were calculated from the “L*” “a*" “b*" values (Mi-
nolta Corp., 1990). For a better integration and interpretation
of a* and b* values, hue angles (© were calculated using the
formula:

O = Arctang (b*/a*)

The chroma was calculated using the formula:

C= (a*2xb*2)%

The hardness of samples was evaluated with a TMS-
PRO texturometer (Food Technology Corporation) equipped
with a 100 N load cell, exerting a 50% compression with a
normal stress at 30 mm min” 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 sec-
tion 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.

(
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Sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE)

Fish roe proteins for sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) were obtained from
the resulting precipitate of the Folch methodology used in
last section. Precipitate (1 g) was homogenized with 9 mL of
dissolving solution (5% SDS, 0.1% B-mercaptoethanol) using
a Tekmar Tissumizer (Tekmar Co. W. Germany) for 1T 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
% 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).

Amino acids analysis

Sample preparation for amino acids profile was con-
ducted following the methodology described by Vazquez-Or-
tiz et al. (1995) with some modifications. Dry and defatted
sample (3 mg) was vacuumed hydrolyzed by addition of 6 M
hydrochloric acid at 150°C for 6 h, using sodium thioglycolate
as antioxidant (1:1 w/w). The hydrolysate was dissolved in 2
mL of 0.5M citrate buffer and used for primary total amino
acids determination following the methodology described
by Pacheco-Aguilar et al. (1998). For secondary amino acids
(proline and hydroxyproline) sample preparation and profile
analysis, 125 pL of hydrolyzed sample were diluted in 0.5 mL
of 0.4M of borate buffer (pH 10.4) following the methodol-
ogy of Vazquez-Ortiz et al. (1995). Then, 250 pL of mixture
were taken and derivatized with 250 uL of 4-Chloro-7-Ni-
tro-2,1,3-Benzoxadiazole (NBD-Cl, 2.0 mg mL" of methanol)
in a water bath at 60°C for 5 min, stopping reaction with 50
pL of TM HCI.

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% trichlo-
roacetic 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 1T mL with 200 uL internal standard (10 pg
mL", L-a-amine n-butiric acid) and 700 pL HPLC water. A 400
pL aliquot was taken and mixed with 400 uL of O-Phthaldial-
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dehyde (OPA, 10 mg of OPA + 250 pL methanol + 37.5 pL de
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 pL 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. 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% buffer 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 Tech-
nologies Inc. Santa Clara, CA, USA). Retention times and peak
areas were compared with 16 amino acids standards (Sigma
Chemical Co. St. Louis, MO, USA).

Fatty acids 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 and 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 di-
luted with 1 mL of 0.5M NaOH in methanol and 100 uL 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 uL
of internal standard (Tridecanoic acid, C13:0) (Sigma Aldrich,
Bellafonte, USA) were added and slightly shaken. Identifica-
tion 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.

Statistical analysis

In order to observe for seasonal differences in roe
composition, a one way analysis of variance (ANOVA) and
Tuckey-Kramer comparison of averages were carried out with
a level of significance of 5%, using the statistical package
NCSS 2007. For this purpose, two sampling trips were carried
out (May and November, 2008). Analysis was conducted at
least in triplicate.

RESULTS AND DISCUSSION
Physicochemical analysis

Fish roe, like all ovum prepared to develop life, is
characterized to have an important nutritional content.
However, its composition depends of its maturation. Thus,
a physicochemical analysis of fish roe was conducted at
two different seasons, one in May (spring) and another in
November (fall). Table 1 shows the physicochemical results at
the two different sampling periods. Although no significant
difference was found in their proximate composition (except
for protein content, p < 0.05), May roe showed higher values
in all parameters evaluated except for ash and carbohydra-
te contents. Besides, May roe was heavier and harder (p <
0.05) than November roe. Carbohydrate content on roes
from both seasons gave them a characteristic sweet flavor.
There are no reported values in the literature for proximate
composition of loricariid catfish roe in other regions; howe-
ver, Bledsoe et al. (2003) reported similar values for channel
catfish (Ictalururs punctatus) and within the range of Caspians
sturgeons (Huso sp) and Chinook salmon (O. tshawytscha).
Mol and Turan (2008) showed similar protein contents on

Table 1. Physicochemical parameters of loricariid catfish (Pterygoplichthys disjunctivus, Weber, 1991) roe at two different catching months (Proximate param-

eters are shown in %).

Tabla 1. Pardmetros fisicoquimicos de la hueva del pez Armado (Pterygoplichthys disjunctivus, Weber, 1991) en dos diferentes meses de captura (Pardmetros

proximales en %).

. . . . Weight Texture
month Moisture Protein Lipid Ash Carbohydrates* (mg) (gf)**
May roe 63.0+1.7° 26.0 +£1.5° 8.2+0.7° 1.7 +£0.6° 2.8 20.0+£0.0? 30.0+1.7°
Nov. roe 60.8 + 3.2° 21.5+£1.9° 79+1.2° 2.1£0.12 7.7 12.0 £ 0.0° 257 £1.0°

*b Means with different letter on each parameter are significantly different (p < 0.05). n = 3. *Obtained by difference. **n = 6.

)
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different black caviars, salmon roe (Salmo trutta labrax) and
waxed mullet (Mugil cephalus) roe when comparing it with
the loricariid catfish May roe. On the other hand, protein,
lipid and ash contents in the present study were higher than
data shown for roe of several marine species such as skipjack
(Katsuwonous pelamis), tongol (Thunnus tonggol) and bonito
(Euthynnus affinis) (Intarasirisawat et al., 2011) and similar in
protein and lipid values with blue fish (Scombrops boops) and
pacific flounder (Paralichthys olivaceus) (Iwasaki and Harada,
1985). Loricariid catfish May roe showed similar and higher
weights than Beluga (Huso huso) and Osetra (Acipenser persi-
cus) caviars, respectively (Mol and Turan, 2008).

The variation in physicochemical composition of
loricariid catfish roe in the present study is related to the
reproductive season, which for this type of fish can be con-
sidered that starts in May (Rueda-Jasso, 2013). Although
November is also considered within the reproductive season
(Rueda-Jasso, 2013), reproduction of loricariid catfish is at
its doom, thus showing lower values in most of its proximal
composition. Besides, variation inside (and between) species
can be due to different reasons such as feeding condition of
the fish, habitat, reproduction stage, energy needs, among
others factors (Bledsoe et al., 2003; Schubring, 2004).

In terms of caloric value, loricariid catfish roe provided
a caloric value of 189 and 187.9 kcal 100 g™ for May and No-
vember roe, respectively. These values are smaller than the
one reported for mullet (Mugil cephalus) roe (231.8 kcal 100
g’') but bigger than the one reported for whiting (Merlangius
merlangus euxinus Nordmann, 1840) roe (Kocatepe et al.,
2012).

Overall results indicated that loricariid catfish roe
obtained in May showed a chemical composition and egg
size (3.25%+ 0.4 mm) similar to commercial species, making
this roe a favorable raw matter for the possible development
of a product of commercial interest. Thus, roe obtained in
two more sampling trips, in May and July 2009, were used to
continue the present research.

pH is a good food quality index since its value can
be a sign of food spoilage related to the growth of microor-
ganisms. Regarding this parameter, loricariid catfish roe
showed a value of 5.87 + 0.1, value similar to the reported for
trout (Oncorhynchus mykiss) (pH 6.02) (Schubring, 2004), and
mature salmon roes (O. tshawytscha) (pH 5.62) (Bekhit et al.,
2009). In a study conducted by Bekhit et al. (2009), authors
found that roe pH was influenced by its maturation state as
well as by the species. During its maturation, gonad shows
a pH decrease in the ovarian fluid as well as in moisture
content due to the increase in protein, lipids and mass of the
eggs (Lahnsteiner, 2007). Thus, the low pH found in loricariid
catfish roe is an indication that gonads used for the present
study were mature.

One important food stability index related to the
shelf life of a product is its water activity (a ). Regarding this
parameter, fresh loricariid catfish roe showed a value of 0.89,
low enough to prevent the growth of deteriorative bacteria
such as mesophiles and psychrophiles (Labuza et al., 1970),

\& ,
N\ Volumen XVII, Numero 3
18

as well as some yeast and pathogenic microorganisms. Very
few pathogens such as Staphylococcus aureus may overcome
such condition (Notermans and Heuvelman, 1983; Valero et
al, 2009). However, the hurdle effect of NaCl, a  (0.89), pH
(5.87) and storage temperature (0-4°C) in fresh loricariid
catfish roe suggests a safety control.

On the other hand, color represents one major food
quality attribute for its acceptability. In this regard, loricariid
catfish roe showed a lightness (L*) of 35.76 + 4.2, a hue angle
of 68.90 + 8.5° and a chroma of 32.0 + 0.2, setting its color
within the first (red-yellow) quadrant, inside the orange to
yellow area.

Regarding texture, loricariid catfish roe showed a
hardness of 19.61 gf, which is inside the range (12.4-47.9 gf)
found by Craig and Powrie (1988) for Chum salmon roe of
similar size (2.5-4 mm).

SDS-PAGE

Protein pattern of loricariid catfish roe is shown in
Figure 1. Three main bands were observed: a high molecu-
lar weight (MW) protein band that did not even enter the
separating gel, which can correspond to B-ovomucin and /
or collagen (Al-Holy and Rasco, 2006; Bekhit et al., 2009);
another band with a MW of approximately 77 kDa, which can
correspond to ovotransferrin, a bactericidal and antioxidant
glycoprotein (Nakamura and Doi, 2000); an additional 30
kDa MW band corresponding to either ovomucoid, a glyco-
protein rich in sulfur amino acids (Doi and Kitabatake, 1997;
Intarasirisawat et al., 2011) or fosvitin, a bactericidal protein
(Al-Holy and Rasco, 2006).

31—

21 *
14 M

s M-

Figure 1. Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) profile of loricariid catfish (Pterygoplichthys
disjunctivus, weber, 1991) roe. MW = Molecular weight standards.
FR = Fresh roe.

Figura 1. Perfil electroforético (SDS-PAGE) de las proteinas de la
hueva de pez Armado (Pterygoplichthys disjunctivus, weber, 1991).
MW = Estandar de masa molecular. FR = Hueva fresca.
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Among other protein that can be identified between
45 and 70 kDa are: a 45 kDa band similar to ovalbumin, a
phoshoglycoprotein; ovoglobulins (G2 y G3) and/or ovoin-
hibitor at 49 kDa; and avidin (at 68 kDa), a protein with
bactericidal and fungicidal action (Nakamura and Doi, 2000).
Besides, minor proteins (in concentration) were observed at
low MW, one at approximately 20 kDa corresponding most
probably to ovoglycoprotein (Nakamura and Doi, 2000)
and another band at approximately 14 kDa, which belongs
to lysozyme, an anti-bacterial protein (Yousif et al., 1994).In
general, results provide information about the set of proteins
that protect the egg during its development, characteristicin
favor for its possible use as a raw material.

Amino acid content

According to literature, fish roe represents a well ba-
lanced food due to its essential nutrients, such as proteins of
high biological value, composed of essentials amino acids of
high digestibility and availability (Intarasirisawat et al., 2011).
Table 2 shows the amino acid composition (total and free)
of loricariid catfish roe. As it is shown, its protein possesses a
high quantity of essential amino acids. Major essential amino
acids found were arginine (113 mg g™ of roe), lysine (95.4
mg g of roe), leucine (87.9 mg g of roe) and valine (70.5
mg g of roe). Actually the first three amino acids showed
the highest concentration only after glutamic acid (125 mg
g of roe), which showed the highest concentration. A very
small amount of proline (8.4 mg g™ of roe) was found on the
roe. However, proline is not an abundant amino acid in roes.
Amino acid content agrees with Ilwasaki and Harada (1985),
who studied amino acid content of roe from 14 different
species finding these same amino acids as predominant
(although not in the same order). According to Seagran et
al. (1953) arginine is an amino acid that helps in the egg’s
maturation. Thus, results indicate that loricariid catfish roe
used in the present study corresponded to roe in a high state
of maturation. Differences from the literature may be related
with the species, age, diet, and habitat of the fish (Mol and
Turan, 2008). However, it is clear that this species uses several
essential amino acids for its roe development.

Iwasaki and Harada (1985) established an essential/
non-essential amino acids (EAA/NEAA) ratio of 0.74 for a high
quality protein in roe from 14 species. In the present study,
a ratio almost twice higher (1.4, Table 2) was observed for
loricariid fish roe. Taking into account that most high quality
protein, as in milk and meat, possesses around 40% of EAA
(by content) (Phillips, 2012), then this fish roe showed higher
EAA values. Therefore, loricariid fish roe can be considered a
good source of essential amino acids.

Free amino acids can be responsible for roe flavor de-
velopment; in this regard, free amino acid content on sample
showed low values in all amino acids tested. However, its
EAA/NEAA ratio was higher than the ratio given by amino
acids found as part of the primary structure. The free amino
acids detected (arginine, leucine, lysine and alanine) might
conferred the sour-sweet characteristic taste of loricariid cat-

Table 2. Total and free amino acids composition (mg
of amino acids sample-g™) of loricariid catfish (Pterygo-
plichthys disjunctivus, Weber, 1991) roe.

Tabla 2. Composicién de aminodacidos libres y totales
(mg de aminoacido g-muestra™) de la hueva de pez Ar-
mado (Pterygoplichthys disjunctivus, Weber, 1991).

Total amino acids Free amino acids

Aspartic acid 82.6+59 0.07 £ 0.0
Glutamic acid 125+5.1 0.25+0.0
Asparagine Nd 0.08 £ 0.0
Serine 6.7 +3.8 0.11£0.0
Glutamine 7+04 0.11+£0.0
Glycine 329+33 0.05+ 0.0
Tyrosine 249+22 0.12+0.0
Taurine 3500 0.25+0.0
Alanine 763+ 4.7 0.15+£0.0
Histidine* 49+t14 0.08 £0.0
Threonine* 17.5+2.1 0.09+£0.0
Arginine* 113+73 0.42 +0.1
Methionine* 28.7+0.7 0.10£ 0.0
Valine* 70.5+4.2 0.13+0.0
Phenylalanine* 43.1+2.7 0.12+£0.0
Isoleucine* 55.6+4.7 0.11+£0.0
Leucine* 879+5.0 0.21+0.0
Lysine* 954 +55 0.28+0.0
Proline 84+0.7 Nq

Hydroxyproline Nd Nq

EAA/NEAA 1.4 1.6

Total 883.9 2.73

Data represent mean = standard deviation of 2 replications
(n=2). *essential amino acids; EAA/NEAA: essential and nones-
sential amino acids ratio; Nqg not quantified; Nd not detected.
Tryptophan and cysteine were not quantified.

fish roe. Besides, glutamic acid is considered a flavor enhan-
cer, imparting a flavor described as fresh in meat products.

Fatty acid content

One of the most important characteristics fish roe
possesses, and which is highly valued for, is its lipids content
and composition. According to Tocher and Sargent (1984),
fish roe is characterized to contain polyunsaturated fatty
acids (PUFA’s), such as eicosapentaenoic (EPA C20:5, w3),
araquidonic (AA C20:4 w6) and docosahexaenoic (DHA C20:6
w3) acids, due to their presence within membrane phospho-
lipids, which are easily mobilized for cell proliferation during
the egg’s maturation and also used for energy reserve during
the organisms development.

In this respect, Table 3 shows the fatty acid composi-
tion of lipids extracted from loricariid catfish roe, showing a
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Table 3. Fatty acid composition (% total FA) in the loricariid catfish (Pterygo-
plichthys disjunctivus, Weber, 1991) roe.

Tabla 3. Composicion de acidos grasos (% del total de acidos grasos) en la
hueva del pez Armado (Pterygoplichthys disjunctivus, Weber, 1991).

FA (%) Roe
SFA
C4:0 3.5+0.0
C14:0 33+£1.0
C16:0 235+1.8
C17:0 26+0.5
C18:0 9.7+0.8
Others 51+0.0
Total 47.6 £0.1
MUFA
C18:1 w9 ¢ 173+£15
c16:1 70x1.0
Others 43+0.2
Total 28.6+0.0
PUFA
C18:2 w6 t 23+0.6
C18:2wb6 ¢ 1.2+0.0
y C18:3 w6 46+1.7
C20:3 w6 C 20£05
C20:4 w6 1.6+0.0
C18:3 w3 27+1.0
C20:3 w3 0.3+£0.0
C20:5 w3 ¢ 0.7+0.3
C22:6 w3 8.2+09
Others 0.2+0.0
Total 23.8+0.0
w6/w3 ratio 0.98

Data represent the mean + SD of 6 replications (n=6). SFA = saturated
fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated
fatty acids. c = configuration cis, t = configuration trans.

high content of saturated fatty acids (47.6%), mainly from pal-
mitic acid (23.5%). Monounsaturated fatty acids were found
in a relatively high quantity (28.6%) from which oleic acid
(C18:1 w9 with 17.3%) represented the highest concentration
on sample. Regarding to PUFA’s, sample showed about one
fourth of its total (23.8%), being the docosahexaenoic acid
(C22:6 w-3, DHA) the predominant PUFA in sample with 8.2%.
Concerning the eicosapentaenoic acid (C20:5 w-3, EPA) con-
tent, sample showed a characteristic content for fresh water
species (as loricariid catfish) with a low value of 0.7%. Similar
fatty acid contents were found in roe from Rohu (Labeo rohi-
ta) and Murrel (Channa striatus) (Prabhakara Rao et al., 2010),
both fresh water species with a low eicosapentaenoic acid
(EPA) content (1.5 and 0.6%, respectively). Domination by the
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four fatty acids listed above was more extreme in lumpfish
(Cyclopterus lumpus) roe, for which Basby et al. (1998) repor-
ted the four fatty acids to comprise 73.5% (versus practically
50% in the present study).

According to Prabhakara Rao et al. (2010), the high
amount of DHA in fish roe lipids helps on the development
of fish larvae. The effect of habitat, gonadal maturation,
physical activity and feeding on the lipid content can be ob-
served in the noticeable difference found between fresh and
marine water species, the fore ones presenting higher levels
of w6 fatty acids than marine species (Bledsoe et al., 2003;
Prabhakara et al., 2010; Intarasirisawat et al., 2011).

Polyunsaturated fatty acids are responsible for vital
functions in organisms, therefore they require being in
equilibrium on the diet. In this context, an imbalance in the
w6/w3 ratio consumption has been observed in the western
diet with a ratio of 15-20:1, instead of 1/1 as suggested by
Simopoulos (2008) for wild animals and human beings. In the
present study, the w6/w3 ratio found for loricariid catfish roe
was 0.98, indicating that this roe is close to the suggested 1:1
ratio, showing a w6/w3 balance which is very important for
health.

Thus, the present research is the first approach to
partially know the characteristics of this roe; however, further
research is needed to complete its characterization.

CONCLUSIONS

Loricarid catfish (Pterygoplichthys disjunctivus, Weber,
1991) roe can be used as a raw material for caviar-type prod-
ucts of commercial interest due to its chemical composition
(good source of protein with high essential amino acids and
fatty acid composition with a well w6/w3 balance) and phys-
ical characteristics (appealing yellowish color, sweet flavor,
size and hardness).
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