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Abstract

The effectiveness of phospholipid (PL) addition to formulated diets for rohu, mrigal
and catla larvae was investigated. The test diets in the first two experiments were
supple-mented with 0, 2 and 4% of a purified phospholipid and 6, 4 and 2% of vegetable
oil and cod liver oil mixture while, in the third experiment, two more levels of purified
PL were incorporated, ie. 0, 2, 4, 5 or 6% of purified PL and 6, 4, 2, 1 or 0% of
vegetable oil and cod liver oi] (1:1). All the diets were isolipidic and had similar protein
and energy levels. Growth and survival was significantly higher in the 4% PL group in
rohu larvae, in the 2 and 4% PL groups in mrigal larvae and in the 4, 5 and 6% PL
groups in catla larvae. The lipid and PL content of five-day-old rohu were 16.5% and
42.30%, those in mrigal were 19.40% and 31.80%, and, in catla, 16.80% and 43.00%,
respectively. Both lipid and phospho-lipid levels were lower in the final tissue sample of
Indian major carp larvae with incorpo-rated graded levels of PL in the diet. Results
suggest that the inclusion of dietary phospho-lipid at 4% in the larval diet is necessary for
rapid growth and high survivability of Indian major carps.



Introduction

Although juvenile and adult carp can synthesize phospholipid (PL)
(Sargent 1976), PL need to be added to diets for carp larvae reared in the
nursery since carp larvae cannot synthesize PL de novo (Sargent et al. 1994;
Geurden et al. 1995). Catla (Catla catla Ham), rohu (Labeo rohita 1.) and
mrigal (Cirrhinus mrigala L) are freshwater carp species intensively cultured
in ponds and lakes in India. However, there has been no published information
on the beneficial response to dietary phospholipid of Indian major carp (IMC)
larvae. This paper reports on the results of an experiment that evaluates the

relevance of dietary phospholipid incorporation on growth and survival of IMC
larvae.

Materials and Methods

Larvae of rohu (Labeo rohita L.), mrigal (Cirrhinus mrigala L.) and catla
(Catla catle Ham.} were collected from the Central Institute of Freshwater
Aquaculture's carp hatchery. The feeding trial run for 28 d in the first two
experiments and 21 d in the third experiment. There were three treatment

'A preliminary report of this paper was presented at the National Seminar on Fish Biology
held on 17-19 March 1997, at Santiniketan, Visva Bharati University, India.
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groups of 150 larvae each in a flow-through system fitted with 30-1 plastic
troughs. Water flow was maintained at 1.0-1.5 | per hour, continuous aeration
was provided by an air compressor and stored ground water was used for lar-
val rearing. The length and weight of the fish were recorded at the start of the
experiment. Total length of the larvae was measured weekly. Daily observa-
tions on behavioral response, i.e. abnormality, if any, were recorded. At the
close of the experiment, the larvae were weighed using a precision balance.
Five formulated diets (isonitrogenous and isocaloric) were prepared using finely
powdered and sieved soyabean meal, (roasted) groundnut cake, fish meal, rice
bran, vitamin-mineral mixture and different levels of phospholipid (Soya leci-
thin), vegetable oil and cod liver oil (Mukhopadhyay and Rout 1996). The ingre-
dient and proximate composition of the diets are presented in Table 1. During
the experimental period, water temperature, pH and dissolved oxygen ranged
from 28-33°C, 7.4-7.8 mg-1!, and 6-8 mg-l'!, respectively. The proximate com-
position of the different diets was analyzed using standard procedures (AOAC
1980). Lipids were extracted (Bligh and Dyer 1959) and total lipid was esti-
mated gravimetrically. Subsamples of lipid were extracted for total phospholipid
analysis. Triplicate samples were taken for analysis (Mukhopadhyay et al.
1984). The larval length and growth data were subjected to two-way analysis
of variance to test the significance among the treatment means (Snedecor and
Cochran 1967).

Results

The percent incorporation of different ingredients were similar in all the
diet treatments. Zero, two and four percent PL in diet were tested in the first
two experiments with rohu and mrigal larvae. In addition to these diet treat-
ments, five and six percent PL in diet were tested in the third experiment

Table 1. Percent incorporation of different feed ingredients

Ingredients PLO PL2 P14 PLS PL6
Soybean meal 10 10 10 10 10
Ground nut cake 32 32 32 32 32
Fish meal 20 20 20 20 20
Rice bran 30 30 30 30 30
Vitamin & mineral

Premixa 2 2 2 2 2
Phospholipidb . 2 4 5 6
(as soya lecithin) -

Veg oil: Fish oil (1:1) 6 4 2 1

Proximate composition of feed treatments (% DM basis)

Crude protein 35.30 35.10 35.20 35.15 35.25
Crude lipid - 9.50 9.55 9.60 9.58 9.45
Ash 14.30 14.20 14.25 14.20 14.25
Energy (MdJ/kg) 15.10 15.15 15.20 15.10 15.20
Phospholipid* (%) 2.10 22.45 42.65 52.25 63.40

*Expressed as percent of total lipid
aSupplevit M, Sarabhai Company Ltd. India
bSoya lecithin procured from HIMEDIA RM 637, India
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with catla larvae. Crude protein, crude lipid, ash and total energy content were
similar in all the diet treatments, but the phospholipid varied from two to six
percent in the different treatment groups. Phospholipid incorporation in the
diet of rohu and mrigal significantly improved growth and survival (P<0.01)
(Table 2). The growth and survival of rohu larvae were significantly higher in
the two and four percent PL diet groups. The length increment in rohu and
mrigal larvae were also significantly (P<0.01) higher in the two and four per-
cent PL enriched diets (Table 2). The effect of incorporation of phospholipid on
growth and survival of catla larvae are presented in Table 3. The growth and
survival of catla larvae were significantly (P<0.01) higher in the four, five and
six percent PL enriched diets. The gain in length of catla larvae followed a
similar pattern. The lipid and phospholipid composition of five-day-old and final
larval tissues of rohu, catla and mrigal are depicted in Figs. 1, 2 and 3. Phos-
pholipid content was expressed as percent of total lipid. It was observed that
both lipid and phospholipid content of tissue samples were lower in the final
samples. Percent phospholipid was markedly lower in the final samples of all

Table 2. Effect of incorporation of phospholipid on weight gain and survivability of rohu
and mrigal larvae. :

Phospholipid incorporation PLO PL2 Pl4

Rohu larvae

Initial weight (mg/larvae) 6.60+0.85 6.50+0.80 6.70£0.97
Final weight** {(mg/spawn) 21.46+1.322 28.90+1.52b 36.00+1.29¢
Survival (%) 89.78+0.952 96.10+1.05° 94.7740,89¢
Length increment (mm) in 28d 13.00+0,312 15.13+0.24ab 15.93+0.85%

Mrigal larvae

Initial weight (mg/larvae) 5.2040.25 5.00+0.65 5.50+0.51
Final weight** (mg/larvae) 20.59+0.132 25.28+0.970 32.81+0.23¢
Survival** (%) 86.12x() 552 93.77+0.91b 94.50+0.79¢
Length increment (mm)* in 28d 11.72+0.052 16.61+0.20" 16.89+0.11F

Values bearing different superscripts in a row differ significantly *(P<0.05), **(P<0.01).

Table 3. Effect of incorporation of phospholipid on growth and survivability of catla larvae.

Phospholipid PLO PL2 PL4 PL5 PL6
incorporation
Initial weight 3.00+0.11 3.10£0.14 3.40+0.19 3.20+0.20 3.50+0.10
(mgflarvae)
Final weight** 4.75%40.10  5.20b+0.11 6.70°40.23 6.77%40.19  6.82%0.21
{mg/larvae)
Survival** 81.30%£2.14 94.20b+0.96 90.40%+1.74 88.90%1.56  92.22:40.45
Length 9.16+0.172  9.6740.33b 10.17+0.17b 10.50+0.30>  10.8040.45b
increment

in 21 days**

Values bearing different superseripts in a row differ significantly.
**(P<0.01).
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Fig. 1. Changes in lipid cemposition of initial
J and final tissue samples of rohu larvae.
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Fig. 2. Changes in lipid composition of initial
and final tissue samples of mrigal larvae.

the species wherever phospholipid was not supplemented. However, the reduc-
tion was more pronounced in mrigal (Fig. 2). The percentage of phospholipid
in the tissue in the phospholipid-supplemented group in all three IMC species

increased.
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Fig. 3. Changes in lipid composition of initial
and final tissue samples of catla larvae.

Discussion

The supplementation of four percent dietary phospholipid in rohu and
mrigal, and four, five and six percent phospholipid in catla resulted in signifi-
cantly higher growth, survivability and length increment in the IMC species.
The total lipid present in the different diets was about 9.5%. Other studies
have indicated that about 10% lipid is advantageous for nursery rearing of
Indian major carps (Jena et al. 1996; Gangadhara et al. 1997). It has also
been reported that 9% lipid is optimum for growth of Labeo rohita. The growth
increment resulting from the incorporation of phospholipid in diets as reported
in this paper are in agreement with earlier studies (Ketola 1976; Radunz-Neto
et al. 1994; Geurden et al. 1995) that have suggested the beneficial effects of
dietary phospholipids. The role of phospholipid seems to be crucial at the lar-
val stage due to a need for efficient utilization of neutral lipids to meet the in-
creased energy demand for growth. This is of particular relevance at the lar-
val stage, when larvae cannot either synthesize phospholipid de novo or synthe-
sizes at a rate not commensurate to its reqmrements {(Sargent et al. 1994;
Geurden et al. 1995).

Phospholipid incorporation is essential to fulfill the demand for building
and renewing of cellular membrane during the early growth stages as well as
for improving the efficacy of essential fatty acid utilization (Kontara et al.
1997). It may be speculated that formation of lipoprotein assemblages such as
membranes and circulating lipoproteins have a high requirement for rapid
phospholipid synthesis, which could possibly exceed the larval capabilities in
the absence of a dietary supply of phospholipid (Geurden ef al. 1995). In this
study, soya lecithin was used as source of phospholipid, since it is known to be
very effective in promoting growth and survival of fish and crustacean larvae
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{Coutteau et al. 1997). After hatching and during larval development, phospho-
hipid, particularly lecithin, was shown to be catabolized by the larvae of hali-
but, plaice and cod as a source of metabolic energy (Rainuzzo et al. 1992).
These results are in agreement with those found for cod, where lecithin was
utilized after hatching, affirming that lecithin has nutritional, biochemical and
physiological functionalities.

Dietary phospholipid incorporation study in Indian major carp has shown
that tissue phospholipid level can be enhanced in all three species to maximize
survival and growth; at the early feeding stage, a provision of four percent
phospholipid seems to be the optimal inclusion level in the larval diet. How-
ever, the biochemical basis for the effectiveness of phospholipid incorporation,
specially during larval stage of growth, needs further investigation.
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