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ABSTRACT

The muscle lipid composition in fishes is affected by intrinsic (metabolic characteristics, migratory
habits, age) and/or extrinsic factors (habitat, temperature, salinity). In particular, the fatty acids
composition and the n-3:n-6 ratio in the different tissues are affected by salinity. In the present study,
wild individuals of black catfish, Rhamdia quelen, were captured in two places exhibiting different
environmental characteristics: a freshwater river (SG) and a shallow coastal lagoon (LR) with
significant variations in salinity. Muscle lipid composition of individuals of the two populations was
determined and compared. The highest values of total lipid were recorded in SG, reflecting, probably,
the high food availability in the summer, period in which the fishes were captured. In the present
study, the value of the n-3:n-6 ratio was approximately 2, characterizing a freshwater fish. However,
when the two populations were analyzed, the value of the n-3:n-6 ratio in SG was significant lower
than that registered in LR. This may be associated to ambient conditions and/or differences in the
diets. While the specimens were collected from two different sites, during different seasons and under
different environmental conditions, the ratios of the muscle essential fatty acids remained constant.
Further studies should be held focusing these ratios under extreme environmental conditions in
order to confirm these findings and, above all, to contribute to optimal diet formulation.
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COMPOSICAO LIPfDICA~ DE JUNDIA, Rhamdia quelen (SILURIFORMES, HEPTAPTERIDAE),
DE DUAS POPULACOES ADAPTADAS A DIFERENTES CONDICOES AMBIENTAIS

RESUMO

A composicdo lipidica do musculo de peixes é afetada por fatores intrinsecos (caracteristicas
metabolicas, hdbitos migratérios, idade) e/ ou extrinsecos (habitat, temperatura, salinidade).
Em particular, a composicdo em acidos graxos e a relacdo n3:n6 em diferentes tecidos sdo
afetadas pela salinidade. No presente estudo, individuos selvagens de jundid, Rhamdia quelen,
foram capturados em dois lugares com condi¢des ambientais diferentes: um rio de agua
doce (SG) e uma lagoa costeira com significativas varia¢des de salinidade. A composicao
em acidos graxos do musculo de individuos das duas popula¢des foi determinada e
comparada. Os maiores valores foram registrados em SG, refletindo, possivelmente, a alta
disponibilidade de alimento no verdo, estacdo em que os individuos foram capturados.
Neste estudo, o valor da relacdo n-3:n-6 esteve préximo de 2, caracterizando um peixe de
agua doce. Porém, quando comparadas as duas populagdes, observa-se que em individuos
de SG o valor da relagdao n-3:n-6 é inferior ao registrado naqueles de LR. Este fato pode
estar associado a condi¢Ges ambientais e/ou dietas diferentes. Embora os exemplares
tenham sido coletados em lugares, estacdes e condigdes ambientais diferentes, as relagdes
entre dcidos graxos essenciais do musculo permaneceram constantes. Outros estudos que
focalizem estas relacdes em condigdes ambientais extremas sdo necessarios para confirmar
estes dados e aportar informacdes para uma adequada formulagdo de dietas.
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INTRODUCTION

The black catfish, Rhamdia quelen, is a Siluriformes with
an extensive geographical distribution, from the Central
Region of Argentina up to southern Mexico (SILFVER-
GRIP, 1996). This fish species inhabits freshwater rivers
and coastal lagoons with estuaries. It is omnivorous with
carnivorous tendencies (RINGUELET et al., 1967), and its
diet is mainly composed by fish, insects, mollusks and
crustaceans, employing a generalist approach (GARCIA,
1995). This is a rustic species, presenting easiness to handle,
excellent feed efficiency and rapid growth, even in the
winter months, making ita good candidate for aquacultu-
re production (LUCHINI, 1990; FRACALOSSI et al., 2002).
During the period from 1990 to 1999 there has been a con-
tinuous growth in the cultivation of this species in Brazil
(FAO, 2000), particularly in the southern region (ULIANA
etal., 2001; MEYER and FRACALOSS], 2004).

The body composition of fish, in particular the
muscle lipid composition, is the result of its feed (STE-
FFENS, 1987; JUSTI et al., 2003). However, the fatty acid
composition may be affected by intrinsic factors, such
as those related to metabolism (ROBIN ef al., 2003),
migratory habits (SHERIDAN et al., 1985; DE SILVA
et al., 1997), age or stage of development (SOIVIO et al.,
1989), or extrinsic factors: habitat (DESILVA et al., 1998),
temperature (TAKEUCHI and WATANABE, 1982), and
salinity (BORLONGAN and BENITEZ, 1992). The com-
position in fatty acids, essentially the polyunsaturated
fatty acids (PUFAs), and the ratio between the series n-3:
n-6 in the different tissues are affected by salinity. This
ratio is more elevated in marine fish than in freshwater
one (ACKMAN, 1998). Moreover, the recent work of
HALILOGLU et al. (2004) with rainbow trout (Oncorhyn-
chus mykiss), that fed the same diet but was exposed to
different salinities, showed variation in the content of
fatty acids in muscle and adipose tissues. This may be
due to the structural and permeability roles played by
fatty acids of the series n-3 in the membranes.

Thus, studies pointing out the lipid body composition
of native species adapted to different environmental
conditions represent an important contribution to the un-
derstanding of nutrient requirements for this species.

The aim of the present study is the comparison of
the lipid composition in muscle tissue of black catfish
of two populations adapted to distinctive habitats,
with different salinity levels.

MATERIAL AND METHODS

Specimens of black catfish, Rhamdia quelen, (n=14)
were captured in two places exhibiting different
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environmental characteristics: Negro River, in the
San Gregorio zone (Departamento de Tacuarembd,
Uruguay), and Laguna de Rocha (Departamento
de Rocha, Uruguay) (Figure 1). The first place is
a freshwater river, and the second one, a shallow
coastal lagoon with an intermittent confluence with
the Atlantic Ocean through a sand dam. This pro-
duces significant variations in salinity (range: 0.0 to
30.0 ppm.) throughout the year (CONDE et al., 1999;
AUBRIOT et al., 2004). The fishes were captured with
stationary nets in December 2002 from Negro River
(SG) and in April 2003 from Laguna de Rocha (LR).

Brazil

Argentin

San Gregorio (5G)

32304248 ®
553256.40

Laguna de Rocha (LR)

343719.0S
54 15 56.8
A

Montevideo tlantic Ocean

Figure 1. Map of Uruguay showing the two points of
capture of black catfish, Rhamdia quelen: Negro River
(SG), a freshwater river in the San Gregorio zone, and
Laguna de Rocha (LR), a shallow estuarine lagoon

The collected fish specimens were weighed, measu-
red and sexed when gonadal maturity was necessary.
Muscle samples, representative of the edible portion,
were obtained by cutting a steak from the right dorsal
region. These samples were frozen at-20°C and lyophi-
lized to facilitate handling. The muscle total lipid was
determined by extraction with chloroform and metha-
nol (2:1, v v'), according to the method described by
FOLCH et al. (1957). Fatty acid methyl esters (FAMEs)
were prepared through acid-catalyzed transesterifica-
tion utilizing sulphuric acid in methanol, in accordance
with the method of CHRISTIE (1982). FAMEs were
separated and quantified by gas chromatography in
a Hewllet Packard model 5890. Hydrogen was used
as a carrier gas and temperature programming was
from 180 °C (12 min) to 212 °C at 2 °C min™, with the
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temperature maintained during seven minutes. For
the identification and quantification of the individual
FAMESs, known standard and internal standard (C19:0,
nonadecanoic acid) were used respectively.

The comparison of weight and length between the
two populations was performed by a £ test, while the
comparison among the mean values of the different
fatty acids and the ratios: n-3 : n-6, docosahexaenoic
acid (DHA) : eicosapentaenoic acid (EPA), DHA :
arachidonic acid (AA), EPA : AA were determined
by a one-way ANOV A method. Differences between
means were determined by Tukey’s test with a 5%
significance level (STEEL and TORRIE, 1980).

RESULTS

In the present study, 14 individuals of black catfish,
Rhamdia quelen, were utilized: seven individuals from
SG (four females and three males) captured in Decem-
ber, and seven individuals from LR (four females and
three males) captured in April. No differences were

recorded between the length means (SG: 37.9+3.9 cm
and LR:40.1+4.9 cm; p=0.2959) and weight means (SG:
668.1+159.6 g and LR: 780.9+214 g; p=0.2993) for the
specimens of the two populations.

The values for total lipids, expressed in dry weight
(d.w.), were: 114+85.5 mg g for SG and 41.5+6.8 mg
g for LR; these values expressed as percentage of wet
weight were: 7.245.7% for SG and 3.3+0.48% for LR. The
total lipids values in the specimens from the population
of Negro River were significantly higher then those pre-
sented by the individuals from the population of Laguna
de Rocha (p <0.1). A total of forty-eight fatty acids were
identified in the muscle tissue of individuals of the two
populations of black catfish. Palmitic acid (C16:0) and
oleic acid (C18:1n-9) were the most abundant fatty acids
in the two studied populations, followed by C16:1n-7 in
SG and C22:6n-3 in LR. Within the HUFAs group, the
recorded values were: 7.4% DHA; 3.6% AA; and 2.3%
EPA, for individuals of SG, and 10.2% DHA; 54% AA;
and 3.3% EPA, for individuals of LR (Table 1).

Table 1. Fatty acids profile (expressed as percentage of recognized fatty acids) and ratios between fatty acids in
the dorsal muscle of wild black catfish, R. quelen, captured in Negro River (SG) and in Laguna de Rocha (LR). The
values are meantstd of seven individuals from each ambient.

Fatty acid SG LR

16:0 20.08 +1.16 21.75+1.59*
16:1 n-7 11.14 +2.82 5.63 +1.52*
16:4 n-3 022+0.18 0.58 +0.07 *
18:0 6.29 +1.10 9.31+0.72*
18:1 n-9 14.75 + 3.45 12.60 + 1.9 n.s.
18:2 n-6 3.38 +0.72 293 +0.75 n.s.
18:3n-9 + n-6 0.39 + 0.08 0.19+0.02*
18:3 n-3 226 +0.43 1.50+0.26*
18:4 n-3 1.39 + 0.63 3.07+0.40*
20:2 n-6 0.59 + 0.07 0.21+0.03*
20:3 n-9 0.12 +0.08 0.70 +0.08 *
20:4 n-6 (AA) 357 +1.12 538 +0.91*
20:3 n-3 0.42 +0.07 0.38 + 0.07 n.s.
20:5 n-3 (EPA) 2.30 + 0.57 3.26+0.33*
22:3 n-6 0.26 + 0.07 0.15+0.03 *
22:5n-3 3.33 +0.64 3.28 +0.63 n.s.
22:6 n-3 (DHA) 7.39 + 2.10 10.18 + 2.17 *
Sat 33.91 +2.89 39.9+1.90*
MUFAs 36.07 + 6.23 25.1+2.60*
n-3 18.02 +3.15 23.2+2.80*
n-6 9.04 +0.80 9.0+1.30 n.s.
n-9 17.70 + 3.40 15.0 +2.00 *
n-3:n-6 2.01+0.33 26+040*
n-3 PUFAs 17.81 +3.03 59+090 ns
n-6 PUFAs 9.04 + 0.80 225+29n.s.
n-3 HUFAs 14.15 + 2.64 9.0+1.3ns.
n-6 HUFAs 527 +1.15 26+02ns.
DHA:EPA 347 +1.57 3.1+05ns.
DHA:AA 2.08 +0.30 19+02ns.
EPA:AA 0.69 + 0.26 0.62 +0.12 n.s

Values with asterisk are significantly different at p < 0.05 according to ANOVA. n.s.= no significant
Sat=Saturated; MUFAs=Monounsaturated Fatty Acids; PUFAs=Polyunsaturated Fatty Acids; HUFAs=Highly Unsaturated Fatty Acids
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Significant differences in HUFAs were observed,
being the highest values registered in LR. Ratios
C20:3n-9: AA and C20:3n-9 : DHA were, respective-
ly, 0.03 and 0.02 for specimens of SG, and respectively
0.13 and 0.07 for specimens of LR. The ratio n-3 : n-6
differed in the two populations (p < 0.05). However,
the ratios of HUFAs (DHA : EPA, DHA : AA, EPA
: AA) showed no significant differences in both the
populations. The values for these ratios were respec-
tively 3.47; 2.08; and 0.69 for SG and 3.11; 1.89; and
0.62 for LR (Table 1). The existence of a correlation
between the fatty acid 16:1n-7 and the sum of PUFAs
was recorded within each population: y=-0.84+36.24
(r=0.72) for SG and y=-0.35+16.6 (r=0.92) for LR.

DISCUSSION

The lipid content in many species of Siluriformes
is usually low compared to that of other fish species
(FACONNEAU and LAROCHE, 1996). In the pre-
sent study, the values of total lipids in dry weight
basis (114+85.5 mg g d.w. for SG and 41.5+6.8 mg
g’ d.w. for LR) and wet weight basis (7.3% w.w.
for SG and 3.3% w.w. for LR) are similar to those of
other species of the same order: Ictalurus punctatus,
7.4% w.w. (CLEMENT and LOVELL, 1994); Ictalurus
nebulosus, 2.7% w.w. (HENDERSON and TOCHER,
1987); Clarias gariepinus, 2.2% w.w. (NG ef al., 2003);
Heteropneustes fossilis, 0.86% w.w. (HENDERSON
and TOCHER, 1987); and Silurus glanis, 3% w.w.
(MANTHEY et al., 1988). The high variability in the
muscle lipid content of fish is a well-documented fact
(ZENEBE et al., 1998). This is due to several factors:
diet (JUSTIet al., 2003), temperature (TAKEUCHI and
WATANABE, 1982), salinity (BORLONGAN and
BENITEZ, 1992), metabolic features (ROBIN et al.,
2003), age (SOIVIO et al., 1989) and/ or genetics. Wi-
thin the order Siluriformes, various studies confirm
this variability: Clarias gariepinus, with a variation
of 18.7 t0 90.8 mg g™ d.w. (ZENEBE et al., 1998), and
Ictalurus punctatus, in which the amount of total lipids
oscillates between 0.5% and 3% w.w. (CHANMU-
GAN et al., 1986). In the present study, a high level
of variability in lipid content in the muscle tissue of
Rhamdia quelen was observed. The highest values
were recorded in specimens of the SG population.
This may be due to the high food availability in the
summer, period in which the fish were captured. An
increase in the diversity of diet of the black catfish in
the hot months was pointed out by GARCIA (1995),
studying a freshwater habitat located near the site
of the current study.
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As in other species of catfish, the main fatty acids
recorded in this work were C16:0 and C18:1n-9,
important sources of energy (SHIRAI et al., 2002;
TOCHER, 2003). Elevated concentrations of the fatty
acid C20:3n-9 in the muscle is a signal of deficiency
in the fish diet (WATANABE, 1982). Thus, it has
been proposed that the ratios C20:3n-9:AA and
C20:3n-9:DHA could serve as indicators of essential
fatty acid deficiency for carp, with the ratio between
these two fatty acids never exceeding 0.4 and 0.6
respectively (CASTELL et al., 1972; WATANABE,
1975). The ratios C20:3n-9:AA and C20:3n9:DHA
detected in the populations of the two studied sites
were markedly low, suggesting that the animals
exhibited no deficiency in essential fatty acids in
the moment of capture.

The significantly lower values of DHA observed
in the muscle of fish from SG when compared with
the values registered in the fish from LR (p < 0.05)
can be explained by the possible accumulation of
DHA in the gonads, once the capture in SG was
held during the species reproductive period (LU-
CHINI, 1990). According to JEONG et al. (2002), an
accumulation of DHA in the gonad can be observed
in the reproductive period of fish, fundamentally in
the male, in which this fatty acid plays an impor-
tant role in the structure of spermatozoon membra-
ne. However, the higher content of EPA and AA in
the animals of LR might also be explained by the
need to adapt to a more stressful environment with
pronounced changes in salinity. This observation
was also made by HALILOGLU et al. (2004), exami-
ning the muscle tissue of rainbow trout cultivated
in different levels of salinity. The mentioned fatty
acids are precursors of eicosanoids (MUSTAFA
and SRIVASTAVA, 1989), having an important
function in the osmoregulation (JABS et al., 1989;
SARGENT et al., 1999). Other feasible explanation
is that the animals of SG were fattier than those
of LR, leading different proportions of triacyl-
glycerols (TAG) and phospholipids (PL) in the
total lipids of fish from the two populations. In
general, fattier fish showed a higher proportion
of TAG, and these showed a lower proportion of
HUFAs when compared to PL (ACKMAN, 1998).
More studies separating the polar (PL) and neu-
tral (TAG) fraction must be developed to light
up this point.

The n-3:n-6 ratio in marine fish normally varies
from 4.7 to 14.4, while in freshwater fish it oscillates
between 0.5 and 3.8 (STEFFENS, 1997; DE SILVA
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et al., 1998). In the present study, this ratio was
approximately 2, characterizing a freshwater fish.
Our findings agree with the values of the ratio n-3:
n-6 observed for the wild African catfish (C. gariepi-
nus), in which such values were 2.5+1.1 (ZENEBE
et al., 1998). However, when the two populations
were compared, LR individuals showed a signifi-
cant superior n-3:n-6 ratio and n-3 content in the
muscle. This fact may be associated to two factors:
ambient condition (salinity) and/or differences in
the diets. In this way, HALILOGLU et al. (2004) de-
monstrated in rainbow trout the significant effects
of the salinity in the n-3:n-6 ratio in adipose tissue
and liver but not in gonad and muscle.

On other hand, in the present work an inverse
relation between the 16:1n-7 content and the PU-
FAs content in muscle were registered in both fish
populations. The same relationship was recorded
for aquatic invertebrates, mainly insects (BELL et
al., 1994; GHIONI et al., 1996), which are part of the
catfish food chain. In this way, 23% of the diet of
adult black catfish in Negro River are composed by
insects (GARCIA, 1995). This may possibly reflect
the important role played by the diet in the determi-
nation of muscle lipid content. Unfortunately, there
is not enough information about diet composition
of the specimens captured in the Laguna de Rocha.
Future studies correlating the lipid content profile
in the muscle with the feeding habits of the species
Rhamdia quelen within different environments are
essential for determining the importance of the diet
to this characteristic.

The metabolic interactions which exist among
the PUFAs and the need of different tissue for each
essential fatty acid: DHA, EPA, and AA, suggest
that in order to evaluate these requirements not only
the absolute values of each fatty acid in the tissue
but also the ratio between them must be considered
(SARGENT et al., 1999). In the present study, while
the specimens were collected from two different
sites, during different seasons and under different
environmental conditions, the ratios of the essential
fatty acids remained constant in the muscle tissue.
The ratio EPA:AA in the diet is important for deter-
mining the action of the eicosanoids (SARGENT et
al., 1999). Further studies should be held focusing
the EPA:AA ratio under extreme environmental
conditions, in order to confirm these findings and,
above all, to contribute to optimal diet formulation,
maximizing the production of the black catfish,
Rhamdia quelen.

CONCLUSION

In general trend, the values of total lipids and ratio
n-3:n-6 obtained in this study for the black catfish,
Rhamdia quelen, are typical of freshwater fishes and
similar to those encountered in species of the same
family. However, in the LR population, adapted
to salinity changes, a higher n-3:n-6 ratio and n-3
content were registered, probably due to different
food habits or different environmental condition,
like observed in others studies. While the specimens
were collected in different sites and seasons and un-
der different environmental conditions, the HUFAs
ratios remained unchanged in the muscle tissue.
This fact may be associated with the action of the
eicosanoids and their important functions. Further
studies should be held focusing in the HUFAs ratio
under extreme environmental conditions in order to
confirm these findings and, above all, to contribute to
optimal diet formulation, maximizing the production
of this species.

REFERENCES

ACKMAN, R.G. 1998 Lipidsin marine and freshwater
organism. In: ARTS, M.T. and WAINMAN, B.C.
(Ed.). Lipids in Freshwater Ecosystems. New York:
Springer-Verlag. 318p.

AUBRIOT, L.;CONDE, D.;BONILLA,S;SOMMARUGA,
R. 2004 Phosphate uptake behavior of natural
phytoplankton during exposure to solar ultraviolet
radiation in a shallow coastal lagoon. Marine
Biology, 144: 623-631.

BELL, J.G.; GHIONI, C.; SARGENT, J.R. 1994 Fatty
acid compositions of 10 freshwater invertebrates
which are natural food organisms of Atlantic
salmon par (Salmo salar): a comparison with
commercial diets. Agquaculture, Amsterdam,
128: 301-313.

BORLONGAN, I.G. and BENITEZ, L.V. 1992
Lipid and fatty acid composition of milkfish
(Chanos chanos Forsskal) grown in freshwater
and seawater. Agquaculture, Amsterdam, 104:
79-89.

CASTELL, J.D.; SINNHUBER, R.O,; LEE, D.J.; WALES,
J.H. 1972 Essential fatty acids in the diet of
rainbow trout (Salmo gairdneri): physiological
symptoms of EFA deficiency. Journal of Nutrition,
102: 87-92.

CHANMUGAN, P.; BOUDREAU, M.; JEFCOAT, C.;
HWANG, D.H. 1986 Lipid composition differs
in wild and cultured fish and shellfish. Louisiana
Agricultural, Louisiana, 29: 8-9.

B. Inst. Pesca, Sdo Paulo, 33(1): 105 - 111, 2007



110 VARGAS and BESSONART

CHRISTIE, WW. 1982 Lipid Analysis. Oxford:

Pergamon Press. 207p.

CLEMENT, S. and LOVELL, R.T. 1994 Comparison
of processing yield and nutrient composition of
cultured Nile tilapia (Oreochromis niloticus) and

channel catfish (Ictalurus punctatus). Aquaculture,
Amsterdam, 119: 299-310.

CONDE, D.; BONILLA, S.; AUBRIOT, L; DE LEON,
R.; PINTOS, W. 1999 Comparison of the
areal amount of chlorophyll-a of planktonic and
attached microalgae in shallow coastal lagoon.
Hydrobiologia, 408/409: 285-291.

DE SILVA, S.S; GUNASEKERA, R.M.; AUSTIN, C.M.
1997 Changes in the fatty acid profiles of hybrid
red tilapia Oreochromis mossambicus x O. niloticus,
subjected to short-term starvation, and comparison
with changes in seawater raised fish. Aquaculture,
Amsterdam, 153: 273-290.

DESILVA, S.S.; GUNASEKERA, R.M.; AUSTIN, C.M.;
ALLINSON, G. 1998 Habitat related variations
in fatty acids of catadromous Galaxias maculatus.
Aquatic Living Resources, Nantes, 11(6): 379-385.

FACONNEAU, B.and LAROCHE, M. 1996 Characteristics
of the flesh and quality of products of catfishes.
Aquatic Living Resources, Nantes, 9: 165-179.

FAO 2000 FISHSTAT Plus: Universal Software for
fishery statistical time series. Version 2.30. FAO
Fisheries Department, Fishery Information, Data
and Statistic Unit.

FOLCH, J; LESS, S.; STANLEY, GHS. 1957 A
simple ethod for isolation and purification of total
lipids from animals tissues. Journal of Biological
Chemistry, 226: 497-509.

FRACALQOSSI, D.M.; ZANIBONI FILHO, E.;
MEURER, S. 2002 No rastro das espécies
nativas. Panorama da Aqiiicultura, 12: 43-49.

GARCIA, D.J. 1995 Aspectos Bioldgicos del Bagre Negro
con Enfasis en su Alimentacién. Montevideo. 66p.

(Tesis de Licenciatura. Facultad de Ciencias,
UDELAR).

GHIONI, C.; BELL, J.G.; SARGENT, J.R. 1996
Polyunsaturated fatty acids in neutral lipids
and phospholipids of some freshwater insects.
Comparative Biochemistry and Physiology, 114B(2):
161-170.

HALILOGLU, H.I; BAYIR, A.; SIRKECIOGLU, AN,
MEVLUT ARAS, N.; ATAMANALP, M. 2004
Comparison of fatty acid composition in some
tissues of rainbow trout (Oncorhynchus mykiss)

living in seawater and freshwater. Food Chemistry,
86: 55-59.

B. Inst. Pesca, Sao Paulo, 33(1): 105 - 111, 2007

HENDERSON, R.J. and TOCHER, D. 1987 The lipid
composition and biochemistry of freshwater fish.
Progress in Lipid Research, 26: 257-276.

JABS, K.; ZEIDEL, M.L,; SILVA, P. 1989 Prostaglandin
E, inhibitsNa*-K*-ATPase activity in the inner
medullary collecting duct. American Journal of
Physiology, 257: 424-430.

JEONG, B-Y; JEONG, W-G.; MOON, S.K;
OHSHIMA, T. 2002 Preferential accumulation
of fatty acids in the testis and ovary of cultured and
wild sweet smel Plecoglossus altivelis. Comparative
Biochemistry and Physiology, 131(B): 251-259.

JUSTI, K.C; HAYASHI, C,; VISENTAINER, ].V.; DE
SOUZA, N.E; MATSUSHITA, M. 2003 The
influence of feed supply time and the fatty acid
profile of Nile tilapia (Oreochromis niloticus) fed
on a diet enriched with n-3 fatty acids.  Food
Chemistry, 80: 489-493.

LUCHINI, L. 1990 Manual para el cultivo del Bagre
Sudamericano (Rhamdia sapo). Santiago de
Chile: RLAC/90/16-PES-20. Organizacién de
las Naciones Unidas para la Agricultura y la
Alimentacién. Oficina Regional para América
Latina y el Caribe. 60p.

MANTHEY, M.; HILGE, V.; REHBEIN, H. 1988 Sensory
and chemical evaluation of three catfish species
(Silurus glanis, Ictalurus punctatus, Clarias gariepinus)

from intensive cultive. Archiv Fischereiwissenschaft,
38: 215-227.

MEYER, G. and FRACALOSSI, D.M. 2004 Protein
requirement of jundié fingerlings, Rhamdia quelen,
at two dietary energy concentrations. Aquaculture,
Amsterdam, 240: 331-343.

MUSTAFA, T. and SRIVASTAVA, K.C. 1989
Prostaglandins (eicosanoids) and their role in
ectothermic organisms. Advances in Comparative
and Environmental Physiology, 5: 157-207.

NG, W-K.; LIM, P.K.; BOEY, P-L. 2003 Dietary
lipid palm oil source affects growth, fatty
acid composition and muscle o-tocopherol
concentration of African catfish, Clarias
gariepinus. Aquaculture, Amsterdam, 215:
229-243.

RINGUELET, R.A.; ARAMBURU, R.H.; DE
ARAMBURU, A.A. 1967 Los Peces Argentinos de
Agua Dulce. La Plata: Direccién de Impresiones
del Estado y Boletin Oficial. 600p.

ROBIN, J.H.; REGOST, C.; ARZEL, J.; KAUSHIK,
S.J. 2003 Fatty acid profile of fish following
a change in dietary fatty acid source: model of
fatty acid composition with a dilution hypothesis.
Agquaculture, Amsterdam, 225: 283-293.



Lipid body composition of black catfish, Rhamdia quelen... 111

SARGENT, J.; BELL, G.; MCEVOY, L.; TOCHER, D.;
ESTEVEZ, A. 1999 Recent developments in the
essential fatty acid nutrition of fish. Agquaculture,
Amsterdam, 177: 191-199.

SHERIDAN,M.A; ALLEN, W.V,KERSTETTER, T.H. 1985
Changes in the fatty acid composition of steelhead
trout, Salmo gairdnerii Richardson, associated with
par-smolt transformation. Comparative Biochemistry
and Physiology, 80(B): 671-676.

SHIRAI, N.; SUZUKI, H.; TOKAIRIN, S.; EHARA,
H.; WADA, S. 2002 Dietary and seasonal
effects on the dorsal meat lipid composition of
Japanese (Silurus asotus) and Thai catfish (Clarias
macrocephalus) and hybrid Clarias macrocephalus
and Clarias gariepinus). Comparative Biochemistry
and Physiology, 132(A): 609-619.

SILFVERGRIP, AM.C. 1996 A systematic revision of
the Neotropical catfish genus Rhamdia (Teleostei,
Pimelodidae). Stockholm. 156p. (PhD Thesis.
Departament of Vertebrate Zoology. Swedish
Museum of Natural History).

SOIVIO, A.; NIEMISTO, M.; BACKSTROM, M. 1989
Fatty acid composition of Coregonus muksun
Pallas: Changes during incubation, hatching,
feeding and starvation. Aquaculture, Amsterdam,
79: 163-168.

STEFFENS, W. 1987  Principios fundamentales de la
alimentacién de los peces.  Barcelona: Editorial
ACRIBIA s.a. 275p.

STEFFENS, W. 1997 Effects of variation in essential
fatty acids on nutritive value of freshwater fish for
humans. Aquaculture, Amsterdam, 151: 97-119.

STEEL, R.G. and TORRIE, J.A. 1980 Principles and
Procedures of Statistics. A biometrical approach.
2.ed. New York: McGraw Hill. 633p.

TAKEUCHI, T. and WATANABE, T. 1982 The effects
of starvation and environmental temperature on
proximate and fatty acid composition of carp and
rainbow trout. Bulletin of the Japanese Society of
Scientific Fisheries, 48: 1307-1316.

TOCHER, D.R. 2003 Metabolism and functions of
lipids and fatty acids in teleost fish. Reviews in
Fisheries Science, 11(2): 107-184.

ULIANA, O.; SOUZA DA SILVA, J.H.; RADUNZ
NETO, ]. 2001 Substituigdo parcial ou total de 6leo
de canola por lecitina de soja em racdes para larvas
de jundia (Rhamdia quelen) Pisces, Pimelodidae.
Ciéncia Rural, Santa Maria, 31: 677-681.

WATANABE, T. 1975 Effect of dietary methyl linoleate
and linolenate on growth of carp II-. Bulletin of the
Japanese Society of Scientific Fisheries, 41: 263-269.

WATANABE, T. 1982 Lipid nutritionin fish. Comparative
Biochemistry and Physiology, 73(B): 3-15.

ZENEBE, T.; AHLGREN, G.; BOBERG, M. 1998 Fatty
acid content of some freshwater fish of commercial
importance from tropical lakes in the Ethiopian Rift
Valley. Journal of Fish Biology, 53: 987-1005.

B. Inst. Pesca, Sdo Paulo, 33(1): 105 - 111, 2007





