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Abstract:

The present work was carried out in 201 at Facultural Institute of Agronomic Science of
Yangambi in the province of Tshopo (RDC) and focuses on the Essay of different proportion of
protein on growth of juvenile Distichodus antonii schilthius 1891.1. In vivo in Kisangani (D. R.
Congo.) The objective pursued by this work was of study the performance of growth of juvenile
of Distichodus antonii schilthius vivo in. Methodology and results: It resulted from the study
that Distichodus antonii has doubled weight during all the experience. According to the t test of
STUDENT calculated between the gain of body mass of fish fed with the food R1 continent
300% of protein and the R2 continent 25 % of protein showed a non significant difference
(P<0,05). The SGR (Specific Growth Rate “SGR”) appeared meaningfully and significantly
correlated to the fed. The results of mortality rate during this experience did not seem being
correlated to the different diet but rather to the manipulation of fish and other experimental
protocols artefacts. The protein content of the carcasses of Distichodus varied of 117, 40% for
the food R1 and 135, 84% for the food R2. The diet R2 appeared performing compared to the
diet R1 according to body protein gain by unit of consumed protein and for the weight gain by
unit of consumed protein by Distichodus antonii.
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I. Introduction

World production from capture fischeries and aquaculture for human consumption
reached approximately 106 million tonnes of fish in 2004, of which 43 % is provided by
aquaculture. The share of sub-saharan Africa in this production remains insignificant: 0,16 %
of tonnage and 0,36 % in terms of value. Yet aquaculture was introduced into the Democratic
Republic of Congo over the 1940s-1950 years by Belgian colonizers because of the immense
natural aquacultural potential of our contry. Valuation for quacultic purposes of thes
biophysical potentialities should certainly have been to be a powerful factor of sustainable
economic development, food security and poverty and malnutrition in DRC (FAO 2000).

Unfortunately, despite multiple efforts in the past and after the so-called wild wars,
international donors have taken to stimulate its growth on the one hand, and others, there are
many attempts through Carnival projets for its expression, the Congolese Aquaculture sector
remained slightly and could not achieve the expected results.
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Paradoxically, most African countries use fish imports to meet local demand for
fisheries products. Thereby Brummet, R.E., Lazard, J. & Moehl, J. (2008), strong that African
states (DRC) import about 4,2million tonnes of fish per year for an estimated value of Euro
2,2 billion, making the Congolese nation thousand thousand dollars a year.

Therefore, the need to develop this sector is acquitted to reverse this trend and fight
against malnutrition that is settled in the country. Several factors are held responsible for the
poor performance of Congolese aquaculture (Nyongombe, U., 1993). The most cited are the
absence or insufficiency of quality juvenilles, the lack of fish foods, the poor fishing line, the
inadequacy of extension methods and difficult access to investment capital as well as the lack
of introduction of new aquaculture species, coronary on the one hand, policies and unfair
approaches, and others on the lack of a strategy and national plan for subtainable
development of the aquaculture sector (N’shimba, S-W-M; 2008). As a result, aquaculture is
still essentially a craft activity, possibility of providing professional opportunities. Production
is relatively low and intended for family consumption or small-scale marketing. (Mate, M.
2001).

The main species of fish used in Congolese fish farm belong to the family of Cichlidea
and Claridea. The most use dis undoubtedly the Tilapia (Oréochromis niloticus). The breeding
claridea are represented by the species Clarias Gariepinus. Wildlifeness introduction tests
were initiated in Kisangani, this is the case of Chrysichthys Wagerari (Nyakabwa, M., 1988).
The D. antonii especies of the vernacular name « MBOTO » is a fish with the yellow
pineapple, very french bond whose adult weight can weigh 4 to 15 kg (Mbadu, Z. V. et
VREVEN, E., 2008). This live in the Congo River and its tributaries, il is overfishing and
starts too rarely. In the current state of knowledge, the livestock and nutritional date of this
species are almost-axisent. However, any process of domestication of a species of fish
necessarily passes through the control of the mass production of quality juveniles and the
formulation of food specific to this species.

Consequently, it becomes essential on the one hand, to undertake more research on
the reproduction of this species and on the strategies of breeding of their larvae and on the
other hand, to carry out studies aiming at determinig the specific food needs. Of this secies at
differentontogenetc stages. It is this perspective that this study was initiated.

The present work was carried out in 201 at Facultural Institute of Agronomic Science
of Yangambi in the province of Tshopo (RDC) and focuses on the Essay of different
proportion of protein on growth of juvenile Distichodus antonii schilthius 1891.1. In vivo in
Kisangani (D. R. Congo.). Its specific objective is to verify the acceptability of the artificial
food by the juvenile of this species at different raw protein levels, in a controlled medium.

On the scientific level, this pilot work will lay the research bases on the child’s food
strategies of this species, as well as the strategies of its breeding in captivity, will allow fish
farmers to diversify fish species in their ponds, but also to offer the market a finished product

of good quality.
This investigation proposes to demonstrate the assumptions that, the juveniles of D.

antonii would accept the articial food in a controlled environment and the diets in different
protein levels would influence the growth of this species in vivo.
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II. Review of Literature

2.1 Middle

The study was conducted in the province of Tshopo, within the Institute of
Agronomic Sciences of Yangambi, Yangambi, Democratic Republic of the Congo. This city is
included in the climate area climate area, 0°31N, 25°11S and between 376 and 460 m altitude,
with a climate of the AF type (Nyongombe. U, 1993).
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Figure 1. Map of Kzsangam Czty (source: www. google)

2.2 Biological Material

Juveniles of D. antonii are collected via fishing and purchase from local fishermen in
the wild on the Congo River after location of spawning and nursery grounds of Echirochloa
pyramidalis grasses (photol) Wagenia Falls in Kisangani (DRC). These fish are always
collected using a large mesh net. Specimens of plus or minus 5 cm captured are transported to
IKENGE fish ponds in Kisangani Commune (PK 4, BANGBOKA Road) by land in an
80liter water-resistant plastic cask equipped with a battery aerator at a temperature of density
of about 50 juveniles per 20 liters of water. Upon arrival, they are stored in a previously
fertilized pond, without artificial feeding.

Figure 2. [nveniles of D. antonii (Source: persnal)
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2.3 Laboratory Equipment:
The materials used in the laboratory for the completion of this study are:
1) Bakelette Aquamerk ;
2)  Water thermometer ;
3) Precision balance ;
4)  Definition ;
5) Oxygenator ;
6) Breeding;
7) 500 liters tits and 210 litres ;
8) Plastic bags ;
9) Floor sand ;
10) Bresse ;
11) Foam or sponge 20,30 and 20 cm.
12) Pissets ;
13) Test tubes ;
14) Gauge ;
15) Ballon ;
16) Erlenmeyers.

ITI. Research Methods

The experience of the present work has been carried out on the premises of the
Faculty Institute of Agricultural Sciences of Yangambi in Kisangani (Plateau Plateau Medical
District). After the unfertilized pond period and individual weighing of individuals, 180
juveniles were randomly assigned to the average number of 30 per experimental pool. Two
fish were sacrificed and kept in the freezer to facilitate the protein assay at the beginning of
the experiment and two others will be taken for the same cause at the end of the experiment.
The dead will be counted daily, removed and weighed. The duration of the experiment was
112 days; this was determined by the doubling of the weight of juveniles.

Raising tanks (plastic) of rectangular shape and a working volume of 1 m3 on average
were installed in a hangar built with planks in IFA compound in Kisangani (photo3). These
basins are fed by REGIDESO water collected and stored in a 220-1 tank, which was
considered as a mechanical filter to allow us to filter this water, finally to be able to obtain
water with properties almost identical to that of fish ponds. After this filtration, this water is
poured into a large tank of 500 1 and which will in turn feed the basins in the hangar
(aquarium). In the 220-liter tank, to filter the water we used gravel, fine sand and foam or
sponge at respective heights of 20, 30 and 20 cm. The breeding circuit is an open circuit with a
slight flow rate of water constantly. During this experiment, the fish were subjected to natural
photoperiod. Measurements of temperature, pH, transparency of cultured water, nitrate,
carbonate hardness and nitrite were taken daily with a pH-meter or aquamerk strips esha 2
times a day. That is, in the morning at 8:00 am and in the evening at 4:00 pm. Dissolved
oxygen was provided by an electrical oxygenator with the capacity to supply oxygen in 300 1 of
water.
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IV. Discussion

4.1 Experimental Device and Juvenile Weight Taking

.'('

o~ RN

Figure 2. Experimental devices at Ifa-Y angambi (Source: personal)

4.2 Pre-experimentation
The pre-experimentation aimed to test the appetability of the food by the juveniles. It
had duration of 30 days before the actual experiment. Calculation of optimal rationing rate.

i — i iii i 0|324

With R in (%) and P in (g)
(Source : Kestmont. P. 2010)

4.2 Experimental Foods and Feeding

When formulating the experimental feed, we used imported ingredients and local raw
materials. Fishmeal and premix vitamins and minerals will be imported from Belgium and the
rest of the ingredients (palm kernels, rice bran, peanut oil, E. pyramidalis flour, T. africana
flour and P. endes flour) will be harvested from the wild and purchased at the local Kisangani
market. Plant by-products according to their nature will always be subjected in turn to a heat
treatment, 1 to 3 hours of scarification or cooking depending on the fuel source (wood or
charcoal).

These firings will be successively followed by drying in the sun and passing through
the mill in order to obtain fine flours before any incorporation into the experimental regimes.
Depending on the diet, the protein and carbohydrate ingredients will always be weighed and
mixed until a homogeneous powder is obtained, to which are added the respective
proportions of vitamins and mineral premix, cassava starch and oil.
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Water would then be added to the mixture (in the proportion of 0.5 1 of water plus
cassava starch plus 1 kg of formulated feed). The paste obtained after two minutes of mixing
will then be dried in the sun (28-35 © C) for 2 to 30 days. Once dried, it will be manually cut
into small particles (5mm) and kept at less than 20 © C before being distributed to fish
(ABOU, 2007). After daily weighing, the granules would be manually dispensed to apparent
satiety, twice daily (9:30 am and 2:30 pm), in two passes each time. After each feeding, we will
siphon the bottom of the basin to avoid the multiplication of carbon dioxide produced by the
decomposition of the previous ration.

Figure 3. Balance for Weighing (Source: personal)

Table 1. Ingredient Composition of the Experimental Diet (g.kg-1)

Aliment (g Protéine/kg d’aliment

Ingrédients 250 300
Farine de poisson 204 267
Farine de T. africana 102 133
Farine de P. endens 102 133
Farine d’E. pyramidalis 102 133
Son de riz 208 51
Tourteau de palmiste 100 100
Huile d’arachide 100 100
Amidon de Manioc 20 20
Vitamine premix 30 30
Minéral premix 30 30
PB (%) 25 30
Energie Brute (KJ]) 9523,67 9813,94

4.3 Evaluation of the Growth and Use of Food
From the results obtained, several parameters were calculated to evaluate growth and
feed efficiency MONENTCHAM, 2009). These parameters are:
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The specific growth rate (TCS);

Weight gain (GP) in%;

Food Efficiency (CEA);

The protein efficiency ratio (CEP) and

Protein retention (PR).

Determination of the protein content of whole fish (Kjeldahl method);

YVVVVYY

Protein content = total nitrogen x 6.25

The formulas for calculating these factors are:

TCS (% d-1) = 100 (Ln Pf-Ln Pi) / AT

GP (%) = 10 [(P£-Pi) / Pi]

CEA = (Weight gain of poisons including biomass of the dead) / Q
CEP = (Weight gain of poisons including biomass of the dead) / P
RP = 100 [((Pf * PCY) - (Pi * PCi)) / (Q * PA)]

Where Pf = final weight in g; Pi = initial weight in g; T = duration of the experiment
in day; Q = quantity of food distributed in g; PCf = final protein body content; PCi = initial
protein body content; PA = protein content of the food.

4.4 The Zootechnical Parameters
Two diets with different levels of crude protein were tested in this work on juvenile D.
antonii. Diets at 30% and 25% were designed to evaluate the growth of IN VIVO juveniles.

Table 2 shows the main zootechnical parameters taken into account during the
experiment. The values shown represent the average of two observations made in breeding
ponds for each experimental diet. These values are supplemented by a standard deviation
indicating the variation existing within the same regime.

Table 2. Influence of Tested Diets on the Main Zootechnical Parameters of Juvenile
D.antonii rearing

Paramétres Régime 1 Régime 2
Nombre initial 90 90

Nombre final 25 34

Survie 277 24 37,7+ 11,8
Mortalité (%) 722119 62,2 13
Biomasse initiale (g) 112 £ 12,7 106 £ 16,9
Biomasse finale (g) 307£12,72 306% 7,07
Poids initial moyen (g) 12+ 042 1,17 £ 0,56
Poids final moyen (g) 12,3+ 1,5 9,0£ 5,1

G (% jour™) 92,3 *+ 36,9* 71,8 £76,9
TCS (%.jour-1) (SGR) 2,08 = 0,35* 1,88 = 0,77*
Ingéré (o) 1430 £ 9,89%* 984 £ 24 74%*
EA 0,19 £ 0,05%* 0,26 £ 0,06**
FCR 7,3 £ 3,4% 492+ 2.04

Legends: G = weight gain, SGR = specific growth rate, M = mortality rate, EA = feed
efficiency.
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4.5 Mass Gain (G) and Specific Growth Rate (TCS)
a. Mass Gain (G)

- G (%)
160.00
140.00 -
120.00 I
100.00 -

80.00 4
60.00 -
40.00
20.00 1

0.00 T T T
R1 R2

Figure 4. Masse Gain (G)

This parameter expresses the growth rate of juveniles per unit time. It cleatly shows
that the juveniles increased the weights during the experiment in the following order: R1:
923 + 36,9 et R2 : 71,8 £76,9. Therefore the R2 diet was more efficient than the R1 diet in
terms of daily mass gain.

b. Specific Growth Rate (TCS)

This parameter expresses the growth rate of juveniles per unit time.

SGR (%)

g
3.00
2.50
2.00

1.50 ~
1.00 ~
0.50 ~

0.00 T T
R1 R2

Figure 5. Specific Growth Rate (TCS) of the juveniles

This figure illustrates the influence of different rations on the growth of juveles.
Indeed, the specific growth rate is higher for the R2 ration.

c. Food Efficiency (EA)
This parameter expresses the effectivess of food on the growthof juveles, the figure
clearly shows that the R2 ration was more effective than the R1 ration during the experiment.
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Efficacité alimentaire
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Figure 6. Influence des différents régimes sur I'EA de juvéniles de Distichodus antonii

d. Feed Conversion Rate (FCR)

This parameter expresses the rate of fees conversion by juvenilles. 11 is the level of
valuation of food by the organism of the fish. It would appear that the R1 diet is more
converted than the R2 diet. So the increase in animal protein content in the ration of this
species does not allow the fish to use it.

FCR
12.00

10.00 -

8.00 - [
6.00 - |
4.00 -

2.00

0.00 T . .
R1 R2

Figure 7. Influence of Different Diets on FCR of Juveniles of Distichodus Antonii

4.6 Total Protein

» At the beginning of the experiment: 54.25% (protein content) for both treatments

» At the end of the expetiment: 117.40% for R1 and 135.84% for R2.

» As a result, the R2 diet was efficient compared to the diet R1 with respect to the final
protein content

V. Conclusions

During the 112 days that our experiment lasted, the breeding conditions were kept
optimal for the growth of Distichodus antonii. Mortality was high in all groups regardless of
treatment. This has not always been the case in similar experiments with D. antonii. For
example, Bulalo (2013) and Bonyonga (2010) had mortality rates of 64.4 = 6.8% and 29.4 £
14.5, respectively. While in our case the average mortality rate was 65.8 = 7.12%.

With regard to the total protein assay, the protein contents of the Distichodus antonii

carcasses at the end of the experiment varied between 135.84% for the R2 diet and 117.40%
for the R1 diet. The initial body protein content was 54.6%. Nevertheless, the R2 diet has
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been effective compared to the R1 diet. In view of the above, our assumptions are therefore
confirmed.

That the duration of the experiment is also increased to at least 365 days with an
intermediate sampling every 30 days at mid-term; which would be desirable, and,

That log-type growth equations be calculated for each experimental basin and for each
interim sampling period;

That different lipid classes are determined at the level of perivisceral fat, liver and
gonads.

References

Arts, M.T., Ackman, R.G. & Holub, B.J. 2001: "Essential fatty acids" in aquatic ecosystems: a
crucial link between diet and human health and evolution. Can. J. Fish. Aquat. Sci. 58,
122137.

Bell, M.V., Henderson, R.J. & Sargent, J.R. 1986. The role of polyunsaturated fatty acids in
fish. Comparative Biochemistry and Physiology 83B, 711-719

Blanchard G, D. X., Kestemont P. 2004: Seasonal variations in fatty acid composition and
hepatic status of wild Eurasian perch Perca fluviatilis during maturation cycle (in
press). Journal of fish biology

Brett, M\ TM & Muller-Navarra, D.C. 1997. The role of highly unsaturated fatty acids in
aquatic foodweb processes. Freshwater Biology 38, 483-499.

Brummett, R.E., Lazard, J. & Moehl, J. (2008) African aquaculture: Realizing the potential.
Food Policy, 33, 371-385.

Bulliya, G. 2000. Key role of dietary fats in coronary heart disease under progressive
urbanization and nutritional transition. Asia Pacific Journal of Clinical Nutrition 9,
289.

Caballero, M.J., Lopez-Calero, G., Socorro, J., Roo, F.J., Izquierdo, M.S. & Fernandez, A.J.
1999: Combined effect of lipid level and fish meal quality on the histology of gilthead
seabream (Sparus aurata). Aquaculture 179, 277-290.

Caballero, MJ, Obach, A., Rosenlund, G., Montero, D., Gisvold, M. & Izquierdo, MS 2002:
Impact of different dietary lipid sources on growth, lipid digestibility, tissue fatty acid
composition and histology of rainbow trout, Oncorhyncus mykiss. Aquaculture 214,
253-271

Chaiyapechara, S., Casten, MT, Hardy, RW & Dong, FM 2003: Fish performance, fillet
caracteristics, health surveys index of rainbow trout (Oncorhynchus mykiss) fed diets
containing adequate and high concentrations of lipid and vitamin E. Aquaculture 219,
715738

Corraze, G., 1999. Lipid nutrition. In Nutrition and feeding of fish and crustaceans (eds
Guillaume J., Kaushik S., Bergot P. & Metailler R.) 147-170 (INRA, Paris).

Cowey, C.B. & Sargent, J.R. 1977: Lipid nutrition in fish (minireview). Biochem. Physiol. 57B,
269-273

Dias, J., Alvarez, M.J., Diez, A., Arzel, J., Corraze, G., Bautista, ].M. & Kaushik, S.J. 1998.
Regulation of hepatic lipogenesis by dietary protein / energy in European seabass
(Dicentrarchus labrax). Aquaculture 161, 169-186

FAO, Food and Agriculture Organization of the United Nations (2000) the State of World
Fisheries and Aquaculture 2006. FAO corporate document.185 pp.

Fauconneau, B., Corraze, G., Lebalil, P.Y. & Vernier, J.-M. 1990: Deposition lipids in cultured
fish: cellular, metabolic and hormonal control. INRA Prod. Anim. 3, 169-381

-191-



Gélineau, A., Corraze, G., Boujard, T., Larroquet, L. & Kaushik, S. 2001 Relationship between
dietary lipid level and voluntary feed intake, growth, nutrient gain, lipid deposition and
hepatic lipogenesis in rainbouw trout. Reprod. Nutr. Dev. 41, 487-503.

Gondret, F., 1999 Lipogenesis in rabbits. Importance for controlling the fat content of meat.
INRA Prod. Anim. 12, 301-309.

Guinea, J. & Fernandez, F. 1997: Effect of feeding frequency, feeding and temperature on
energy metabolism in Sparus aurata. Aquaculture 148, 125-142

Halver. The lipids. 2002 785 (Elosevier Science

Harper. 2002 Vitamin E. in Biochemistry (eds Murray, R.K., Granner, D.K., Mayes, P.A. &
Rodwel, V.W.) 647-650 (from Boeck).

Kankonda, B., 2001: Contribution to establishing a pollution map of Kisangani Brooks
through the use of benthic invertebrate Macro as indicators. Dissertation of D.E.S.
unpublished, Fac. Sc. UNIKIS, 67 p.

Kestemont, P., Vandeloise, E., Melard, C., Fontaine, P. & Brown, P.B., 2001: Growth and
nutritional status of Eurasian perch. Perca fluviatilis fed graded levels of dietary lipids
with or without added ethoxyquin. Aquaculture 203, 85-99

Leveille, J.-C. 1997: Thesis: Material flow in lacustrine pelagic environment: use of fatty acids
as natural organic markers of transfer in the phytoplankton-zooplankton trophic
chainfry (Salvelinus alpinus). 227 (Blaise Pascal University).

Lubzens, E., Marko, A. & Tietz, A. 1985: De novo synthesis of fatty acids in the rotifer,
Brachionus plicatilis. Aquaculture 47, 27-37

Marieb. 1993: Human Anatomy and Physiology (De Boeck, Canada)

Mate, M., 2001: Growth, phytomass and mineral oil hedge of improving legumes in cultivation
in alleys in Kisangani (R.D.Congo). Unpublished doctoral thesis, Fac.Sc. ULB, 204p

MBADU, ZV and VREVEN, E., 2008 - Revision of the status of two Distichodus Muller &
Trochel species, 1845 (Characiformes; Distichodontidae) (Democratic Republic of
Congo), Africa: D. antonii Schilthuis, 1891 and D. fasciolatus Boulenger, 1898.

Mbega, ].D. (2004): Biodiversity of fish in the lower basin of Ogooué (Gabon). Thesis of
Doctor of Sciences, University Faculty Our Lady of Peace, Namur-Belgium. 607 pp.

Moehl, J., Halwart, M. & Brummett, R. (2005): Report of the FAO World Fish Center
Workshop on Small-Scale Aquaculture in Sub-Saharan Africa: Revisiting the
Aquaculture Target Group Paradigm. CIFA Occasional Paper 25, Food and
Agriculture Organization of the United Nations, Rome.

Moussard, C. 2002 structural and metabolic biochemistry: medicine, pharmacy, science (De
Boeck, Brussels).

N'shimba, S-W-M; 2008: Floristic, ecological and phytosociological study of Mbiye Island in
Kisangani, R.D.Congo. Unpublished thesis, ULB, pp. 1-68

Nyakabwa, M., 1988: Phytocenosis of the urban ecosystem of Kisangani. Unpublished
doctoral thesis, Fac. Sc. UNIKIS, 418 p.

Nyongombe, U., 1993: Contribution to the ecological and biological study of fish from the
Masendula River (tributary of Tshopo) in Kisangani. These unpublished doctoral
theses, IFA / Ybi, 169p.

Peres, H. & Oliva-Teles, A. 1999 Effect of Dietary Lipid Level on Growth Performance and
Feeding by European Sea Bass Juveniles (Dicentrarchus labrax). Aquaculture 179, 325-
334

Rawn, J. D. 1990: Treaty of Biochemistry (De Boeck, Brussels)

Regost, C., Arzel, J., Cardinal, M., Laroche, M. & Kaushik, S., 2001. Fat deposition and flash
quality in seawater reared, brown trout triploid (Salmo trutta) starvation. Aquaculture
193, 325 - 345.

-192-



Regost, C., Arzel, J., Robin, J., Roselund, G. & Kausik, SJ 2003. Total replacement of fish oil
by soybean or linseed oil with a return to fish in turbot (Psetta maxima): growth
performance, flesh fatty acid profile and lipid metabolism. Aquaculture 217, 465-482

Sargent, J., Henderson, R.J. & Tocher, D.R. 1989: The lipids. in Fish Nutrition (Halver ed.,
J.E.) 153-218 (Academic Press, Inc., Seattle, Washington.

Sellkurt, E.E. 1971: Physiology (Little, Brown and Company, Boston)

Sheridan, MA, 1988. Lipid dynamics in fish: Aspects of absorption, transportation, deposition
and mobilization. Comparative biochemistry and physiology 90B, 679 - 690

Spisni, E., Tugnoli, M., Ponticelli, A., Mordenti, T. & Tomasi, V. 1998: Hepatic steatosis in
artificially fed marine teleosts. Journal of fish diseases 21, 177-184

Stephan, G., Guillaume, J. & Lamour, F. 1995: Lipid peroxidation in turbot (Scophthalmus
maximus) tissue: effect of dietary vitamin E and dietary n-6 or n-3 polyunsaturated
fatty acids. Aquaculture 130, 251-268

Thomson, A. B. R., Paré, P. & Fedorak, R. N.2000: Macroscopic anatomy of the small
intestine. in fundamentals of gastroenterology 223-225.

Verbeck, T., 1970: Geology and lithology of the Lindien (Upper Precambrian of the North of
the Democratic Republic of Congo). Ann. Mus. Roy. Afr. Hundred. (In 8) Sci.
Geological 66: 115-132.

Vergara, JM, Lopez-Calero, G., Robaina, L., Caballero, MJ, Montero, D., Izquierdo, MS &
Aknes, A., 1999. Growth, feed utilization and body lipid content of gilthead seabream
fed increasing lipid levels and fish meals of different quality. Aquaculture 179: 35-44.

Vernon, R.G., Barber, M.C. & Travers, M\.TM. 1999 Recent Developments in Lipogenesis
Studies in Humans and Animals. INRA Prod. Anim. 12, 319-327.

Watanabe, T. 1982: Lipid nutrition in fish. Comparative biochemistry and physiology 73B, 315
Xu, X. & Kestemont, P. 2002: Lipid metabolism and FA composition in tissues of
Eurasian perch Perca fluviatilis as influenced by dietary fats. Lipids 37, 297-304.

-193-



