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This investigation was carried out to study the effect of different live feed and dry feed on growth and survival of
Labeo rohita at a stocking density of 20 larvae per trough having 10 L of water. The increase in weights and lengths
were used as measures of growth. The duration of the experiment was 30 days. Seven dietary treatments were tested
viz. Artificial diet with 45% protein (LFrl), rotifers like Asplanchna and Brachionus (LFr2), wild zooplankton (LFr3),
bioenriched zooplankton (raised on Chlorella, cod liver oil and vitamin C) (LFr4), Artemia (LFr5), Chironomous (LFr6)
and Oligochaetes (LFr7). Among the different treatments, larvae fed with diet LFr4 resulted in the maximum body
weight gain (BWG) (13.18 * 0.13 mg) which was significantly (P < 0.05) higher than all the treatments which followed
the order of preference as: LFr5 (12.31 + 0.10 mg), LFr3 (9.75 + 0.08 mg), LFr2 (7.85 £ 0.10 mg), LFr7 (6.49 £ 0.15 mg),
LFr6 (5.66 + 0.13 mg) and LFrl (4.99 £ 0.14 mg). The diet LFr4 recorded maximum survivability (92.0 + 2.0%). All the
values recorded for the BWG and survival were found to be significantly different (P < 0.05) among others. Protein

and lipid content of the prawn after the treatment was found to be highest for LFr5 and LFr4, respectively.
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INTRODUCTION

In intensive rearing of larvae of fishes and prawns,
feeding constitutes a major factor since the fish obtain
their entire nutritional requirement (except part of mineral
requirement) through the food they consume (Pillay,
1990). The normal behaviour and growth of larvae mainly
depends upon the quality of the diet provided to them.
However, some formulated feeds have been observed to
be richer in protein than live feeds but appraisal of
literature revealed that larvae prefer live feed to
formulated feed. Moreover, the minerals and
micronutrients needed by early stages of fish, prawn and
shrimp are not yet fully understood and hence cannot be
incorporated in formulated feeds. On the other hand, the
natural live food organisms supply all these micro-
nutrients which otherwise are not known to us. Since
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live feed is rich in proteins, carbohydrates and fats along
with various types of vitamins and minerals, it is always
preferable to have a regular supply of live feed (Singh et
al., 1994). Thus “live feed” serves as “living capsules” of
nutrition (Tiwari, 1986) and their nutritional status can be
further enhanced by using technique known as
“bioenrichment” so that nutritional status of the fishes,
prawns and shrimps feeding on them could be increased.
This investigation is also a small contribution in this
direction where zooplankton fed chlorella enriched with
cod liver oil and vitamin C has been used as one of the
dietary treatment, comparing its performance with non-
enriched live and artificial feeds.

MATERIALS AND METHODS
Rearing units and procedure

The study was conducted at the Wet Laboratory, Department of



Table 1. Growth and survival of Labeo rohita larvae fed different feed.

Dietary treatment

Parameter

LFrl LFr2 LFr3 LFra LFr5 LFr6 LFr7
IAW (mg) 0.37+£0.02  036+001 0.36+0.15 0.36+0.10 037010  0.38+0.00  0.35+0.15
FAW (mg) 53640129  821+009° 1011+007° 1354+0.12% 12.68+0.10°  605:0.13'  6.84+0.14°
BWG (mg) 499:014%  785:010" 975%008° 13.18+0.13% 12.31£0.10° 566+013  6.49£0.15°
SGR (%day™’)  8.87+0.23  10.38+0.10° 11.05+0.16° 12.05+0.11% 11.74+0.11°  9.13+0.08  9.84+0.18°
Survival (%) 74.66 +2.30° 81.33+2.30° 87.33+2.30°  92.0+2.0” 89.33+3.05° 76.66+3.85 74.0 +3.46"

Values having the same super script do not differ significantly (P > 0.05).

Zoology, University of Jammu. Newly hatched larvae of Labeo
rohita brought from the Gho-Manhasa fish farm were stocked at a
density of 20 larvae per trough having 10 L of water. Water in the
troughs was changed every alternate day. The increase in weights
and lengths were used as measures of growth. The duration of the
experiment was 30 days.

Feeds and feeding rates

The seven dietary treatments tested were: Atrtificial diet with 45%
Protein (LFrl); rotifers like Asplanchna and Brachionus (LFr2); wild
zooplankton (LFr3); bioenriched zooplanktons (raised on Chlorella,
cod liver oil and vitamin C) (LFr4); artemia (LFr5); Chironomous
(LFr6); Oligochaetes (LFr7). Three replicate troughs were assigned
to each treatment. Artificial feed was provided at the rate of 10%
body weight of larvae while live feed was provided ad-libitum.
Larvae in each tank were weighed weekly to the nearest 0.1 mg
and counted for determination of average weight and survival.

Growth parameters

The fish larvae were measured for initial average weight (IAW) at
the start of the experiment and final average weight (FAW) at the
end of the experiment to calculate the following parameters:

Final weight — Initial weight
Initial weight

Body weight gain = x 100

In (Final weight - Initial weight)
Number of days

Specific growth rate (%SGR day'l) = x 100

Proximate analysis

At the end of the experiment, the experimental animals were
analysed for their nutritional status as per standard methods. The
analyses were calculated using the following methods: protein by
Lowry et al. (1951), lipid by Folch et al. (1956), moisture and ash by
AOAC (1999).

Statistical analysis

The data were analysed to test the level of significance with the
help of Microsoft Excel 2003 and the Statistical Package for the
Social Sciences (SPSS) (12.0 Version, Chicago, USA). The level of
significance was also tested by one way analysis of variance
(ANOVA), Duncan Post Multiple comparisons (Duncan, 1955).

RESULTS AND DISCUSSION

The proximate composition of the food items used during
the experiment was analyzed. During the experimental
period, no disease, abnormality or deformity was noticed
in the experimental larvae. The performance of larvae in
terms of growth, survival and body composition was also
put on record (Table 1).

Table 1 clearly revealed that diet LFr4 resulted in the
maximum body weight gain (BWG) (13.18 £ 0.13 mg)
which was significantly (P < 0.05) higher than all the
treatments followed by LFr5 (12.31 + 0.10 mg), LFr3
(9.75 + 0.08 mg), LFr2 (7.85 + 0.10 mg), LFr7 (6.49 +
0.15 mg), LFr6 (5.66 + 0.13 mg) and LFrl (4.99 £+ 0.14
mg). All the values recorded for the BWG were
significantly different (P < 0.05) among other treatments.

Specific growth rate (SGR) was also recorded to I%e
significantly higher (P < 0.05) for LFr4 (12.05% day ")
followed bylLFrS (11.74 £ 0.11% day )zlLFrS (11.05
0.16% day_l), LFr2 (10.38 £ 0.10% day *), LFr7 (9.84 +
0.18% day *), LFr6 (9.13 £ 0.08% day ~) and LFr1 (8.87

0.23% day ). However, the values recorded for diets
LFr6 and LFrl were insignificantly different (P > 0.05).
Higher growth was supported by the increment of both
BWG and SGR.

Poor survival rate of the larvae was recorded with the
diet LFrl (74.66 = 2.30%), whereas, maximum surviving
ability was recorded with the LFr4 diet (92.0 = 2.0%) and
was not found to be significantly different (P > 0.05) from
LFr5 (89.33 + 3.05%) and LFr3 (87.33 + 2.30%).

A significant variation was also observed in the main
body constituents of the larvae after the experimental trial
was over (Table 2).

Moisture content was found to be significantly higher (P
< 0.05) with diet LFr1 (81.34 + 0.25) which was not found
to differ significantly with diet LFr4 (79.51 + 0.31%), and
LFr3 (79.65 + 0.31%), LFr2 (79.99 + 0.39%) and LFr5
(80.08 £ 0.83) diets.

The protein content was recorded to be maximum for
LFr5 (15.49 + 0.13%) and LFr4 (15.46 = 0.17%). The
values recorded for LFr5 and LFr4 were significantly
higher (P < 0.05) than all the treatments but no significant
variation (P > 0.05) was noticed among all the treatment.
The lowest value of protein was recorded for LFrl



Table 2. Effect of different feed on the body composition of Labeo rohita larvae.

Dietary Treatment

Parameter

LFrl LFr2 LFr3 LFra LFr5 LFr6 LFr7
Moisture (%) 81.34+0.25° 79.99+0.39°° 79.65+0.31° 79.51+0.31° 80.08+0.83°C 80.69+0.40°  80.68 +0.61%
Protein (%)  14.61+0.10° 15.12+0.22° 1534+0.16>  1546+0.17° 1549+013% 1532+012®° 1505+0.21°
Lipid (%) 1.34+012°  148+011°° 171+008°  217+011*  206+010° 1514015°°  1.65+0.10>
Ash (%) 2.01+018%° 208+0.16" 154+011" 1.33+007c 152+0.06 1.44+0.09°°  1.60=0.08"

Values having the same super script do not differ significantly (P > 0.05).

(14.61 + 0.10%) which was found to differ significantly (P
< 0.05) from all other treatments.
Lipid content was noticed to be higher in LFr4 (2.17 +

0.11%) and was found to differ significantly (P < 0.05)
with all the treatments except LFr5 (2.06 + 0.10%) in
which the variation was found to be not significant (P >
0.05). The lower values of lipid content were found with
LFrl (1.34 £ 0.12%) which was not observed to differ
significantly with LFr2 (1.48 = 0.11%) and LFr6 (1.51 +
0.15%), respectively.

Similarly, ash content was recorded to be higher in
LFr2 (2.08 + 0.16%) which was not found to differ
significantly (P > 0.05) from LFrl (2.01 + 0.18%). The
lowest value for ash was recorded with LFr4 diet (1.33 +
0.07%) which did not significantly differ from LFr6 (1.44 +
0.09%), LFr5 (1.52 + 0.06%) and LFr3 (1.54 + 0.11%)
diets.

The overall results revealed significantly higher (P <
0.05) BWG, %SGR and survival ability was recorded for
LFr4 (bio-enriched zooplanktons) although the survival
ability was not found to differ significantly with LFr5 and
LFr3. Proximate body composition analysis although
recorded a maximum protein with diet LFr5 (Artemia) was
not found to differ significantly (P > 0.05) with LFr4 (bio-
enriched zooplanktons) and the body lipid content was
found to be higher with LFr4 but was not found to differ
significantly from LFr5.

Correlation of the different body components (protein,
lipid, moisture and ash) in L. rohita revealed that moisture
showed significant but negative correlation with protein (r
=-0.452, P < 0.05) and lipid (r = -0.523, P < 0.05), and a
positive non significant relationship with ash (r = 0.335, P
> 0.05). Protein was found to show highly significant
positive relationship with lipid (r = 0.689, P < 0.01) and
highly significant negative correlation with ash (r = -0.601,
P < 0.05). Lipid showed highly significant negative
correlation with ash (r = -0.601, P < 0.01).

Although body composition analysis revealed higher
protein and lipid content for LFr4 and LFr5, the overall
results of growth performance indicated LFr4 to be the
best suited diet for the larvae of L. rohita as the diet LFr4
resulted in a higher BWG, SGR and survival ability than
LFr5.

The differences in the growth and survival of rohu
larvae could be attributed to the quality preference,

ingestion and digestion of diets. In this study, diet LFr4
(bio-enriched zooplanktons) resulted in better growth,
survival and biochemical composition of rohu larvae.
These results were in conformity with the results obtained
by Kaur and Bains (2005) where the authors also
obtained better results with mixed zooplanktons and
encapsulated egg diet for L. rohita larvae and recorded
survival rate of 92.50% with SGR of 10.55% day'l.
Similarly, in their other experiment on frys of L. rohita,
maximum weight gain and SGR were obtained when frys
were fed mixed zooplankton.

The reason for the best growth and survival of rohu
larvae with bio-enriched zooplankton may be due to the
presence of variable size groups and a variety of prey
organisms. The larvae have the option to select their prey
according to their preference and choice. The variability
in the size of zooplankton also helps to overcome gape-
size limitation.

Copepods present in the LFr4 during this work were
believed to meet the maximum nutritional requirements of
the fish larvae. Scientists have reported that copepods
have high contents of docosa-hexanoic acid (DHA) and
eicosa-pentanoic acid (EPA), which results in better larval
growth rate and survival (Evijemo et al., 1997; Shields et
al., 1999). Cod liver oil (CLO) and vitamin C enriched
zooplanktons fed to fish larvae improved their survival
and growth. Many investigators further authenticated
similar observations in the case of shrimp (Kyungmin,
2000; Immanuel et al., 2007). These results supported
the hypothesis that, stress creates increased ascorbate
requirements for larval fish and crustaceans. Vitamin C
(ascorbic acid) is considered to be an essential
component in the diet of fishes. In this respect, body
vitamin C concentration may be reflected in the survival
potential more accurately than variation in the growth rate
(Dabrowski, 1992). The rapid growth rate observed
during this study suggested that larvae of L. rohita have
higher vitamin C requirements. Merchie et al. (1996) also
reported improved survival, growth performance, skeleton
development, stress resistance and immune response of
larvae fed vitamin C enriched diet and premeditated the
larvae to have higher vitamin C requirements than the
adults.

However, in contrast to this study, Kaur and Dhawan
(2004) reported that dry diet resulted in higher wet weight



gain and survival (90%) than live feed in case of rohu
larvae. During the period of this investigation, although
the growth and survival was obtained best with LFr4 diet,
the diet LFr5 (Artemia) did not lag behind during the
experiment and resulted in higher body protein composi-
tion which was not significantly different from the results
obtained with diet LFr4. So the importance of Artemia as
live feed was again confirmed by this investigation.
Furthermore, Prinsloo and Schoonbee (1986) observed
zooplankton as best larval food for a variety of fish larvae.
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ABBREVIATIONS:

LFrl, Artificial diet with 45% Protein; LFr2, rotifers like
Asplanchna and Brachionus; LFr3, wild zooplankton; LFr4,
bioenriched zooplanktons; LFr5, artemia; LFr6, Chironomous;
LFr7, Oligochaetes; IAW, initial average weight; FAW, final
average weight; BWG, body weight gain; SGR, specific growth
rate; DHA, docosa-hexanoic acid; EPA, eicosa-pentanoic acid,;
CLO, cod liver oil.
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