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ABSTRACT
Proximate analysis of broodstock and grow-out feeds for gamitana (Colossoma macropomum) and paco (Piaractus brachypomus)
and their constituent feedstuffs was conducted. Literature values for specific nutrients known to affect fish reproduction were
calculated from published sources for the broodstock diet. Fatty acid and amino acid profiles of broodstock eggs were
obtained. Analytical information on the feedstuffs and diets currently being used in Iquitos, Peru, together with the egg data
and published information on the natural diets of colossomids and broodstock nutrition in other species, was combined to
formulate preliminary recommendations for the nutrition and feeding of gamitana and paco broodstock.

INTRODUCTION

RESULTS AND DISCUSSION

Colossomid culture in Iquitos, Peru, may be limited currently
by several factors, including the inability to obtain consistent
spawning of captive broodstock. Inadequate nutrition of the
broodstock may be contributing to this problem. Broodstock
nutrition research in fish is rapidly expanding because reliable
propagation of captive species is both difficult and vital to the
success of most aquaculture industries. Key nutrients such as
long-chain highly unsaturated fatty acids, amino acids, and
antioxidant vitamins are implicated consistently in the
spawning performance and production of quality offspring in
many fish species (De Silva and Anderson, 1995). The amino
acid profile of fish eggs has been used as an index of the
appropriate amino acid balance for broodstock diets (Ketola,
1982), and the fatty acid profile may be used to determine the
essential fatty acid composition of the diet (Tocher and Sargent,
1984). Chemical analyses of feedstuffs, prepared broodstock
diets, and fish eggs were used in this study, along with
published data, to identify nutritional factors that may be
hindering reproductive success in captive colossomid broodstock. In addition, preliminary recommendations were made
for improvement of broodstock diets.

The analyzed protein content of the broodstock diet was
approximately 32%. The calculated energy:protein (E:P) ratio
(kcal of energy per gram of protein) of the current broodstock
diet is about 8.7. This is lower than the range of values reported
for good growth of colossomid species (10.7 to 13.9) (Castagnolli,
1991). Adult fish require more energy than juveniles simply for
maintenance and even more energy for production of gametes.
Colossomid eggs are known to be lipid-rich, which appears to be
an adaptation to support metabolism rather than growth of
newly hatched larvae as they drift downstream for days without
feeding (Araujo-Lima, 1994).
The relative abundance of protein compared to energy in the
broodstock diet may cause the fish to metabolize a large
percentage of protein for basic maintenance requirements,
possibly at the expense of gamete production. This imbalance
is also not cost-effective, as protein is a more expensive energy
source than lipid or carbohydrate. The E:P ratio of the current
broodstock diet could be increased by replacing some of the
nutrient-poor wheat husks with lipid. Some of the broodstock
fish are reportedly “fatty” (Fernando Alcántara, pers. comm.).
If this is the case even on a relatively low-energy diet, there
may be a lipid transport problem. This problem has multiple
potential causes but might be relieved by including dietary
lipid in the form of soybean lecithin (1%). Lecithin is a phospholipid which functions in lipid digestion and transport and
improves performance in some fish (Hertrampf, 1992).
Phospholipid supplementation of broodstock diets also
enhances egg quality in some fishes, such as red sea bream
(Watanabe et al., 1991), and serves as a source of phosphorus.
The present swine vitamin-mineral premix does not contain
phosphorus, and fishmeal is the primary source of available
phosphorus in the diet. Phospholipid content of the broodstock
diet was not addressed in the present study, but will be
measured in future studies with colossomid broodstock.

METHODS AND MATERIALS
Proximate analysis of feedstuffs and broodstock diets were
conducted using standard methods (Association of Official
Analytical Chemists, 1984). Protein was analyzed using the
Kjeldahl method. Total lipid content was analyzed using the
Folch method (Folch et al., 1957). The amino acid profiles of
fertilized and unfertilized colossomid eggs were determined
with an amino acid analyzer. The fatty acid profiles of the eggs
were determined with a gas chromatograph equipped with a
flame ionization detector. Other data used in this report were
obtained from published sources. Small-scale feeding trials
were attempted with Piaractus brachypomus to bracket the
dietary requirements for vitamins C and E. However, most of
the fish died during prolonged power outages due to ice
storms in Arkansas in December 2000 and January 2001.

No supplemental lipid was added to the current broodstock
diet, but it contains 7% lipid. Most of the lipid comes from

85

NINETEENTH ANNUAL TECHNICAL REPORT

86

fishmeal (2.9%), wheat husks (1%), soybean meal (0.7%), and
corn flour (0.7%). The lipid content of the broodstock diet
strongly influences the fatty acid profile of fish eggs (Watanabe
et al., 1978, 1984). The lipid content and fatty acid profile of
fertilized and unfertilized colossomid eggs from captive
broodstock in Iquitos is shown in Table 1. The total lipid
content of fertilized and unfertilized eggs ranged from 41.5 to
42.5%. This lipid level is considerably lower than the value
(60%) reported for unfertilized colossomid eggs by Heming
and Buddington (1988). The apparent lipid deficit in colossomid eggs in this study might have resulted directly from the
low available energy content of the current broodstock diet.
This problem can be resolved by supplementing lipid in the
diet, as recommended earlier. The total lipid content of
unfertilized eggs was significantly higher than that in fertilized
eggs, probably signifying the use of lipid to fuel ontogenetic
changes following fertilization (Table 1). There were no
differences in the relative amounts of individual fatty acids
between fertilized and unfertilized eggs.
Lipids from the fish meal supplied several of the long-chain
(≥ 20 carbons) fatty acids known to be important for reproduction in fish: eicosapentaenoic (EPA, 20:5n-3), eicosatetraenoic
(arachidonic, 20:4n-6), and docosahexaenic (DHA, 22:6n-3).
The 20-carbon fatty acids are precursors of prostaglandins,
which regulate ovulation in females (Goetz, 1983) and synchronization of reproductive behavior in males and females
(Kobayashi et al., 1986a, 1986b). The DHA plays prominent
roles in the development of the brain and other parts of the
nervous system, especially the eye (Mourente and Tocher,
1998). Because the n-3 and n-6 fatty acids are antagonistic, a
ratio of 1:1 of n-3 to n-6 fatty acids has been suggested as
optimal for most fish functions, including reproduction (Tacon,
1987). Colossomid eggs in this study appeared to have about
twice as much total n-3 fatty acids as n-6 fatty acids (Table 1).
Eggs of wild colossomids were not available during this study,
but comparison of fatty acid patterns from wild and cultured
Table 1.

Total Lipid
Myristic
Palmitic
Palmitoleic
Stearic
Oleic
Linoleic
Eicosatrienoic
Eicosatetraenoic
Eicosapentaenoic
Docosahexaenoic

2
3

4

The combination of fish meal (25%) and soybean meal (30%)
meets the essential amino acid requirements of most warmwater fish for most functions (National Research Council,
1993). The amino acid profile of fertilized and unfertilized
colossomid eggs is shown in Table 2. Leucine was the predominant indispensable amino acid in both fertilized and unfertilized eggs. Histidine was present in lower amounts than all
other indispensable amino acids in both fertilized and unfertilized eggs. The high levels of leucine, glutamic acid, and
alanine indicate that the broodstock diet is providing sufficient
quantities of the amino acids needed to synthesize vitellogenin, the primary precursor of yolk proteins in teleosts.
Although omnivorous and vegetarian fishes need little or no
fish meal for optimal growth, Oreochromis niloticus broodstock
fed diets with isonitrogenous amounts of either fish meal or
legume meal had better ovarian growth and produced larger
eggs when fed the fish meal diet (Cumaranatunga and Thabrew,
1990). The authors concluded that fish meal is richer in
Table 2.

Total lipid (%) and fatty acid (% of total fatty acids) content
of freeze-dried fertilized and unfertilized eggs from Piaractus
brachypomus in Iquitos, Peru.1, 2

Lipid or Fatty
Acid Name

1

eggs should indicate whether or not the n-3:n-6 ratio of
approximately 2:1 represents an imbalance in the eggs from
cultured fish. A deficiency or imbalance of the n-3 and n-6, 20to 22-carbon fatty acids in broodstock diets has been identified
or implicated in impaired spawning or reduced gamete and
larval quality or both in rainbow trout (Fremont et al., 1984),
fathead minnows (Cole and Smith, 1987), goldfish (Wade et al.,
1994), milkfish (Ako et al., 1994), and many marine fishes
(Izquierdo et al., 2001). Because the main source of these fatty
acids in the present colossomid broodstock diet is the lipid
associated with the fish meal, any change in diet composition
that results in a lower level of fish meal should be accompanied by an increase in supplementation of marine fish oil.
There are very few other practical lipid sources that contain
highly unsaturated fatty acids of both the n-3 and n-6 families.

Fatty Acid
Formula3

Fertilized
Eggs

NA
14:0
16:0
16:1
18:0
18:1
18:2n-6
20:3n-3
20:4n-64
20:5n-34
22:6n-34

41.48 ± 0.72*
2.77 ± 0.10
27.45 ± 1.44
4.03 ± 0.52
13.45 ± 1.53
31.08 ± 1.66
4.10 ± 0.16
1.03 ± 0.02
1.39 ± 0.09
1.10 ± 0.07
8.68 ± 0.44

Amino Acid3,4
Phenylalanine3
Valine3
Threonine3
Isoleucine3
Methionine3
Histidine3
Arginine3
Leucine3
Lysine3
Aspartic Acid4
Serine4
Glutamic Acid4
Glycine4
Alanine4
Cystine4
Tyrosine4

Unfertilized
Eggs
42.50
2.74
27.10
3.82
13.24
30.64
4.12
1.02
1.37
1.11
8.88

± 1.36*
± 0.13
± 1.33
± 0.57
± 1.53
± 2.05
± 0.08
± 0.03
± 0.06
± 0.05
± 0.37

Values are means of three replicates + SD. Fatty acids present at less than 1% of the total are
not shown.
Means in rows followed by an asterisk (*) are significantly different (P < 0.10) using a
paired t-test.
Fatty acids are designated using the formula xy (n–z), where x = the number of carbons in
the chain, y = the number of double bonds, and z = the carbon number where the first
double bond from the methyl end (n) of the fatty acid is located.
The 20- and 22-carbon fatty acids with 4 or more double bonds are known to be important
for reproduction in many fishes.

Amino acid content (%) of freeze-dried fertilized and
unfertilized eggs from Piaractus brachypomus in Iquitos,
Peru.1, 2

1
2
3
4

Fertilized Eggs
2.55
3.55
2.49
3.28
1.85
1.47
4.22
5.39
4.38
4.44
2.70
7.08
1.87
6.50
0.64
1.98

± 0.01
± 0.01
± 0.07
± 0.02*
± 0.05
± 0.01
± 0.08
± 0.03**
± 0.01
± 0.03*
± 0.19
± 0.02
± 0.02
± 0.03*
± 0.02
± 0.07

Unfertilized Eggs
2.53 ± 0.03
3.48 ± 0.04
2.53 ± 0.04
3.18 ± 0.03*
1.86 ± 0.08
1.48 ± 0.08
4.23 ± 0.04
5.30 ± 0.05**
4.32 ± 0.08
4.49 ± 0.05*
2.85 ± 0.07
7.00 ± 0.09
1.86 ± 0.03
6.37 ± 0.08*
0.64 ± 0.04
1.91 ± 0.09

Values are means of three replicates + SD.
Means in rows followed by one or two asterisks (*) are significantly different at P < 0.10 and
P < 0.05, respectively, using a paired t-test.
Indispensable amino acid. Tryptophan was the only indispensable amino acid excluded
from analysis because it could not be analyzed simultaneously with the rest.
Dispensable amino acid.
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vitellogenic proteins and n-3 fatty acids that enhance reproduction in many fishes. In this study isoleucine, leucine, and
alanine were higher in fertilized eggs than in unfertilized eggs,
and aspartic acid was higher in unfertilized eggs than in
fertilized eggs (Table 2). These differences can be attributed to
differences in the relative activities of energy generation and
protein synthesis from amino acids in unfertilized and
fertilized eggs.
There is little information on vitamin requirements of colossomid species. The natural diets of these fish are especially rich
in vitamins C and E and carotenoids. All of these nutrients are
known to affect reproduction in at least some fish species (De
Silva and Anderson, 1995). The broodstock diet is currently
supplemented with vitamin C at a rate of 500 mg kg-1. This
supplement is critical, as the intrinsic vitamin C content of the
feedstuffs is very low. A diet with 139 mg ascorbic acid kg-1
was optimal for growth of pacu (P. mesopotamicus) fingerlings
(Martins, 1995). However, the requirement may be higher for
larvae due to their more rapid growth rate. The quality of eggs
and spermatozoa of rainbow trout was substantially higher
when fish were fed diets containing vitamin C at 8 to 10 times
the level required for optimal growth (Blom and Dabrowski,
1995). The stability of vitamin C is poor under conditions of
high heat and humidity, as in Iquitos. Therefore, the form of C
is critical; a stabilized form should be used. If a stable form is
not currently used, a different form can be used or other
antioxidants (e.g., ethoxyquin or equivalent) can be added to
the diet to ensure stability.
The swine vitamin-mineral premix currently used in the
broodstock diet supplies about 100 mg vitamin E kg-1 diet, and
the feedstuffs supply another 20 to 30 mg. One hundred mg kg-1
meets or exceeds the vitamin E requirements of most fish
species for weight gain and absence of deficiency signs
(National Research Council, 1993). However, only alphatocopherol has high biological activity. The form of vitamin E
in the premix is not specified. The form should be verified
since the supplement supplies most of the dietary vitamin E.
Also, a stabilized form of vitamin E should be used (e.g.,
alpha-tocopherol-acetate). Vitamin E is very prone to oxidation
under conditions of high heat and humidity. In addition,
vitamin E is quickly used up in the presence of unsaturated
lipids (as from fish oil) because it is a powerful antioxidant.
The amount of vitamin E should be increased proportionately
if unsaturated lipids (especially those found in marine fish oil)
are increased in the diet. Furthermore, there are studies
showing that broodstock diets containing large amounts of
vitamin E given to broodstock just prior to spawning have
positive effects (Kanazawa, 1988). In carp, vitamin E increases
gonadosomatic index, facilitates vitellogenisis, and protects
essential fatty acids in the oocytes. The specific amount of
vitamin E needed to optimize these activities is not known, but
vitamin E nutriture has not been investigated in colossomids.
Of pigments reported to have beneficial effects in fish or other
animals, only xanthophylls (from corn flour, with a xanthophyll content of 17 mg kg-1) are present in the broodstock diet
(2.2 mg kg-1). Other carotenoids such as beta-carotene are
important for egg viability in some fish and are prevalent in
the natural diets of colossomid species. Therefore, carotenoid
supplementation of the broodstock diet may be beneficial for
spawning success of colossomids. Further research is necessary
to identify inexpensive, available sources of carotenoids (such
as fruits, vegetables, or flowers) that could be used in Iquitos.

87

Finally, most studies indicate that there is little or no benefit in
adding fish meal to grow-out diets of vegetarian or omnivorous colossomid species. However, the nutritional requirements for growth are not always the same as for those for
reproduction. If reduction of the fish meal in the current
broodstock diet is considered for environmental or cost
reasons, there are multiple nutritional factors to consider as
well, as outlined in this report. The chemical composition of
the colossomid eggs from the present study and other studies
should serve as a guideline for formulation of broodstock diets
in the future.

ANTICIPATED BENEFITS
Improving the nutritional status of colossomid broodstock
should increase spawning success and possibly the quality of
resulting fry. These changes would enhance the economic
viability of commercial colossomid farming in Peru.

LITERATURE CITED
Ako, H., C.S. Tamaru, and C.-S. Lee, 1994. Chemical and physical
differences in milkfish (Chanos chanos) eggs from natural and
hormonally induced spawns. Aquaculture, 127:157–167.
Alcántara, F., personal communication, 2000.
Araujo-Lima, C., 1994. Distribuição espacial e temporal de larvas de
Characiformes em um setor do Rio Amazonas, proximo a Manaus.
M.S. thesis, Instituto Nacional de Pesquisas da Amazônial/
Universidade Federal do Amazonas, Manaus, Brazil.
Araujo-Lima, C. and M. Goulding, 1997. So Fruitful a Fish. Columbia
University Press, New York, 191 pp.
Association of Official Analytical Chemists, 1984. Official Methods of
Analysis, Fourteenth edition. Arlington, Virginia, 1,141 pp.
Blom, J. and K. Dabrowski, 1995. Reproductive success of female
rainbow trout (Oncorhynchus mykiss) in response to graded
dietary ascorbyl monophosphate levels. Biol. Reprod., 52:
1,073–1,080.
Castagnolli, N. 1991. Brazilian finfish, tambaqui, pacu, and Matrinxã.
In: R. Wilson (Editor), Handbook of Nutrient Requirements of
Finfish. CRC Press, Boca Raton, pp. 31–34.
Cole, K.S. and R.J. Smith, 1987. Release of chemicals by prostaglandintreated female fathead minnows, Pimephales promelas, that stimulate
male courtship. Horm. Behav., 21:440–456.
Cumaranatunga, P.R.T. and H. Thabrew, 1990. Effects of legume (Vigna
catiang) substituted diets on the ovarian development of Oreochromis niloticus (L.), In: M. Takeda and T. Watanabe (Editors), The
Current Status of Fish Nutrition in Aquaculture. Proc. Third Int.
Symp. on Feeding and Nutrition in Fish, 28 August–1 September
1989, at Toba, Japan. pp. 333–344.
De Silva, S.S. and T.A. Anderson, 1995. Fish Nutrition in Aquaculture.
Chapman and Hall, London, 319 pp.
Folch, J., M. Lees, and G.H. Sloane-Stanley, 1957. A simple method for
the isolation and purification of total lipids from animal tissue.
J. Biol. Chem., 226:497–509.
Fremont, L., C. Leger, B. Petridou, and M.T. Gozzelino, 1984. Effects of
a (n-3) polyunsaturated fatty acid-deficient diet on profiles of
serum vitellogenin and lipoprotein in vitellogenic trout (Salmo
gairdneri). Lipids, 19:522–528.
Goetz, F.W., 1983. Hormonal control of oocyte final maturation and
ovulation of fishes. In: W.S. Hoar, D.J. Randall, and E.M. Donaldson
(Editors), Fish Physiology, 9B. Academic Press, New York, pp.
117–169.
Heming, T.A. and R.K. Buddington, 1988. Yolk absorption in embryonic and larval fishes. In: W.S. Hoar and D.J. Randall (Editors), Fish
Physiology, 11A. Academic Press, New York, pp. 407–446.
Hertrampf, J.W., 1992. Feeding Aquatic Animals with Phospholipids II.
Fishes. Publication #11, Lucas Meyer (GmbH and Co.), KG,
Hamburg, 70 pp.
Izquierdo, M.S., H. Fernando-Palacios, and A.G.J. Tacon, 2001. Effect of
broodstock nutrition on reproductive performance of fish.
Aquaculture, 197:25–42.

88

NINETEENTH ANNUAL TECHNICAL REPORT

Kanazawa, A., 1988. Broodstock nutrition. In: T. Watanabe (Editor),
Fish Nutrition and Mariculture. Kangawa International Fisheries
Training Centre, Japan International Cooperation Agency, pp.
147–159.
Ketola, G.H., 1982. Amino acid nutrition of fishes: Requirements and
supplementation of diet. Comp. Biochem. Physiol. B, 73:17–24.
Kobayashi, M., K. Aida, and I. Hanyu, 1986a. Gonadotropin surge
during spawning in male goldfish. Gen. Comp. Endocrinol.,
62:60–79.
Kobayashi, M., K. Aida, and I. Hanyu, 1986b. Pheromone from
ovulatory female goldfish induces gonadotropin surge in males.
Gen. Comp. Endocrinol., 63:451–455.
Martins, M.L., 1995. Effect of ascorbic acid deficiency on the growth,
gill filament lesions and behavior of pacu fry (Piaractus mesopotamicus Holmberg, 1887). Brazilian J. Med. Biol. Res., 28:563–568.
Mourente, G. and D.R. Tocher, 1998. The in vivo incorporation and
metabolism of [1-14C] linolenate (18:3n-3) in liver, brain and eyes of
juveniles of rainbow trout Oncorhynchus mykiss L and gilthead sea
bream Sparus aurata L. Fish Physiol. Biochem., 18:149–165.
National Research Council, 1993. Nutrient Requirements of Fishes.
National Academy Press, Washington, DC, 114 pp.

Tacon, A.G.J., 1987. The Nutrition and Feeding of Farmed Fish and
Shrimp—A Training Manual. 1. The Essential Nutrients. GCP/
RLS/075/ITA - FAO Field Document 2/E. Food and Agriculture
Organization, Rome, Italy, 117 pp.
Tocher, D.R. and J.R. Sargent, 1984. Analyses of lipid and fatty acids in
ripe roes of some northwest European marine fish. Lipids, 19:492–499.
Wade, M.G., G. Van der Kraak, M.F. Gerrits, and J.S. Ballantyne, 1994.
Release and steroidogenic actions of polyunsaturated fatty acids in
the goldfish testis. Biol. Reprod., 51:131–139.
Watanabe, T., T. Takeuchi, and Y. Shimma, 1978. Influence of SCP feed
on lipid contents and fatty acid composition of rainbow trout. Bull.
Freshwat. Fish. Res. Lab., 28:37–46.
Watanabe, T., S. Ohhashi, A. Ito, C. Kitajima, and S. Fujita, 1984. Effect
of nutritional composition of diets on chemical components of red
sea bream broodstock and eggs produced. Bull. Jap. Soc. Sci. Fish.,
50:503–515.
Watanabe, T., M. Lee, J. Mizutani, T. Yamada, S. Satoh, T. Takeuchi,
N. Yoshida, T. Kitada, and T. Arakawa, 1991. Effective components
in cuttlefish meal and raw krill for improvement of quality of red
seabream (Pagrus major) eggs. Nippon Suisan Gakkaishi,
57:681–694.

Cite as: [Author(s), 2002. Title.] In: K. McElwee, K. Lewis, M. Nidiffer, and P. Buitrago (Editors), Nineteenth Annual Technical Report. Pond
Dynamics/Aquaculture CRSP, Oregon State University, Corvallis, Oregon, [pp. ___.]

