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ABSTRACT

Penaeus monodon larvae at the first mysis stage were
reared to the first post larval stage (PL-1) in 1-L Imhoff cones on
three different diets: rotifers enriched with Paviova lutheri (Rp),
rotifers enriched with a commercial micro-encapsulated diet (Re),
and a mixture of P. lutheri and Artemia salina nauplii (PA). The
14 essential fatty acids in the larvae that received the three
different diets were measured and compared. Profiles of the fatty
acids in the larvae and diets were also described.

Fatty acid composition of the larvae resembled that of the
diets. The total fatty acid per dry weight of larvae was higher in
larvae fed PA than that of larvae fed Rp or Re (p<0.01). The
highest levels of the four major essential fatty acids — 18:2(n-6),
18:3(n-3), 20:5(n-3), and 22:6(n-3) — were found in the larvae
that received Re, PA, and Rp respectively. There was no
significant difference in survival rates (86.7 - 92.5%) of the
larvae receiving different diets (p>0.05). The fatty acid
composition of the larvae fed a mixture of Pavlova and Artemia
resembled that found in Artemia but not in Pavlova.

Key words: Penaeus monodon — Larvae - Fatty acid

INTRODUCTION

Fatty acids are an essential energy source in shrimp diets (1). They
enhance growth of the organisms and facilitate absorption of other fat-soluble
nutrients such as sterols and vitamins. Polyunsaturated fatty acids (n-3 and n-
6 PUFA) are the most important ingredient constituting the larval diets
(2,3,4). The polyunsaturated fatty acids permit a great degree of unsaturation
which is necessary to maintain flexibility and permeability of shrimp tissue
(4). Since Penaeus monodon larvae do not exhibit de novo synthesis of
linoleic acid [18:2(n-6)], linolenic acid [18:3(n-3)], eicosapentaenoic acid
[20:5(n-3)], and docosahexaenoic acid [22:6(n-3)] (5), they require these fatty
acids in a variety of forms depending upon their elongation-desaturation
abilities (6). It is essential that the selected food organisms for shrimp include
n-3 and n-6 fatty acids (7).

The most common live foods for penaeid shrimp larvae are
microalgae, rotifers, and Artemia nauplii (8). Microalgae such as
Chaetoceros, Skeletonema, and Tetraselmis are fed to zoea larvae — the first
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feeding larvae. Rotifers are used as a transition food organism when the
mysis larvae are transforming into the post larvae (9). Artemia nauplii are fed
to the last mysis and post larvae. However, shrimp larvae are also reported to
survive solely on microalgae (10,11). The quality of the live prey depends on
their source and the diet they consume. Rotifers fed on some types of
artificial diets such as cake baker s yeast are not suitable as larval food. It has
been suggested that the quality of rotifers could be enhanced with diets rich in
n-3 PUFA, such as some species of microalgae (12,13,14) or
microparticulated diets rich in essential fatty acids prior to being fed to
shrimp larvae (15).

This study investigated the fatty acid composition, growth and
survival of the post larvae of tiger prawn (Penaeus monodon) fed microalgae
— Pavlova lutheri, rotifers (Brachionus plicatilis) or nauplii of Artemia salina.

MATERIALS AND METHODS
Preparation of Food Organisms

Three different feeds were used as testing diets: rotifers (Brachionus
plicatilis) enriched with prymnesiophyte algae (Pavilova lutheri), namely Rp;
rotifers enriched with a commercial micro-encapsulated diet, namely Re; and a
mixture of P. [utheri culture and the instar-I brine shrimp nauplii (Artemia
salina), namely PA.

Rotifers were collected from a mass culture maintained by using
baker s yeast and occasionally fed with some green algae, flagellates or diatoms.
The prymnesiophyte algae (P. lutheri) was obtained from a 200-L continuous
culture. The micro-encapsulated diet used was a commercial product named
Frippak Booster, France. Nauplii of brine shrimp were obtained from cysts of
Artemia from Great Salt Lake, USA.

Prior to being fed to the tlger prawn larvae, the rotifers were boosted
with P. lutheri at a density of 5. 9x10° cells/100 rotifers/ml (16) for 24 hours or
with 1.0 g of the Frippak booster per million rotifers (twice the amount
recommended by the manufacturer). The enriched rotifers were rinsed several
times with clean sea water. Artemia nauplii were hatched from the partially
decapsulated cysts and rinsed with clean sea water.

Experimental Organism

Nauplii of Penaeus monodon (Fabricius) were obtained from an
eyestalk ablated female held in a closed culture tank. The nauplii were
1n1t1ally reared to the first mysis stage using Isochrysis galbana at a density of
5x10" cells/ml. Water temperature and salinity were kept at 28.1+0.6°C and
32.0+0.0 ppt. Prior to use, sea water was conditioned with Na-EDTA at a
concentration of 10 ppm and filtered through a series of cartridge filters — 10,
5Sand 1 mn.
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Experimental Design

A total of 1,200 of the first mysis larvae were divided into 3 groups
of 400 larvae — each group received one of the three different diets. Each diet
was separated into 4 replicates of 100 larvae per replicate. The mysis were
reared in the 1-L Imhoff cones at a stock density of 100 larvae/L and fed with
the tested diets — Rp, Re or PA. Temperature of the rearing vessels was
controlled by using a water bath unit (17). Water in the cones was gently
aerated using the pasteur pipettes to prevent settling of the larvae and diet
particles.

Water quality was monitored in terms of ammonia concentration,
pH, temperature, and salinity as shown in Table 1. Total ammonia was
determined by a HACH DR/2000 spectrophotometer using the Salicylate
Method range of 0.00-0.05 mg NH,-N/L. pH was measured using HI-8424
microcomputer pH meter (HANNA Instruments). Water temperature was
measured using a calibrated N2-filled thermometer (-10 to 50°C), and salinity
was measured using a calibrated optical salinometer (Shlbuya S-10).

Table 1. Salinity, temperature, pH and total ammonia concentrations in
Penaeus monodon rearing vessels.

Diets Salinity Temperature pH Total NN,
(ppt) ( °0) n=4 (mgNH,-N/L)
n=5 n=20 n=4
Rp 32+0.0 29.6+0.2 8.0+0.1 0.23+0.10
Re 32+0.0 29.6+0.2 8.0+0.1 0.24+0.10
PA 32+0.0 29.6+0.2 8.1+0.1 0.02 +£0.01

Feeding Protocol

The mysis were fed to satiation once a day with enriched rotifers or
a mixture of Artemia and P. [utheri, at a density of 30 rotifers/ml (18,19),
3.0-5.5 Artemla/ml (3.0/ml at mysis-1, 4.0/ml at mysis-2 and 5.5/ml at mysis-
3) and 1x10° algal cells/ml (17) respectively. Water and the uneaten food in
the cones were completely removed daily. Mysis were reared to the first post
larval stage when the experiment was terminated. Growth and survival rates
were measured. All post larvae were immediately frozen and preserved for
fatty acid analyses.

Analyses of Fatty Acids

The post larvae and the tested diets were rinsed three times with 0.4
M ammonium formate solution to remove the excess NaCl (20). The clean
samples were preserved at -70°C in glass tubes for further analysis.

Fatty acid composition was analyzed by a Hewlett-Packard 5890-A
gas chromatography unit using a hydrogen carrying on-column injection
system. FAME samples were injected at 45°C, then incubated for 2 minutes.
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The temperature was then increased by 30°C /min up to 120°C, then by
3°C /min up to 260°C and maintained at that temperature until all peaks
eluted. The column type was a BPX 70 high temperature polar column (fused
silica 50 mm long, 0.32 mm internal diameter, film thickness of 0.25 mm:
SGE, Australia). Identification and quantification of fatty acids were verified
with a HP-1 non-polar column (Hewlett-Packard). Peaks were recorded on a
Shimadzu C-R3A chromatopac recording integrator and also recorded on the
computer (Microbits) using DAPA software. The peaks were further
identified by comparing with the known FAME standards (Nu Chek Prep,
Elysain Mn).

Data Analysis

The data expressed as a percentage were transformed using square
root arcsine (21). Fatty acid composition, survival rates, and dry weight of
larvae were analyzed using one-factor analysis of variance. When the
significant differences occurred (p<0.05) the pairwise comparisons using a
Fisher's LSD method were made.

RESULTS
Fatty Acid Composition

Fatty acid composition of the tested larvae varied among the diets,
reflecting both content levels and composition of their diets (Table 2). Of the 14
major fatty acids measured in the larvae, all except for the 16:0 and 18:0,
varied among the three different groups (p<0.05). Except for the 18:3(n-3)
and 18:4(n-3), larvae that received two different rotifers (Rp and Re) differed
in fatty acid contents. The dominant fatty acids found in the larvae were 16:0,
18:0, 20:5(n-3) and 22:6(n-3). Total fatty acid contents per dry weight of the
larvae fed Artemia and Pavlova were much higher than those in the larvae fed
enriched rotifers (p<0.05). The total fatty acid contents in the Artemia and
Pavlova were also higher than those found in the enriched rotifers.

Larval Development and Survival Rate

Larvae survived and developed well in all tested diets (Table 3).
Growth in terms of total biomass as dry weight marginally differed among the
tested diets. However, the differences were not significant (P>0.05). The survival
rates and percentage of PL-1 at day-5 were not significantly different among
the tested diets (P>0.05). The larvae survived well through the mysis stages
(86.7-92.5%) and most of the larvae (90.0-91.1%) developed to PL- 1 within
5 days.




Table 2. Fatty acid composition (mean+SD, n=4) in Penaeus monodon (PL-1) and the tested diets, a, b and c followed each figure in the same
row indicated significance of the differences among the diets

Fatty acids Larvae received Diets

(%) Rp Re PA Rp Re P A
14:0 1.32£0.1 a 1.0£0.1 b 04+0.1 ¢ 6.9 3.9 9.6 0.6
16:0 142+04 a 144+04 a 13513 a 10.1 9.7 12.7 9.6
16:1(n-7) 46102 a 394£0.1 b 1.6£0.1 ¢ 19.4 17.3 17.8 2.1
18:0 11.9+03 a 11.7£0.1 a 11.9+£05 a 2.7 4.5 1.0 54
18:1(n-7) 74+02 a 58+0.1 b 63+0.1 ¢ 5.0 44 2.6 5.1
18:1(n-9) 51+02 a 78103 b 11.5+03 ¢ 4.1 15.4 0.4 15.0
18:2(n-6) 344201 a 5603 b 35200 a 1.5 5.8 0.3 5.0
18:3(n-3) 09+0.1 a 1.1£02 a 147+£05 b 1.0 1.3 1.0 34.5
18:4(n-3) 08+0.1 a 07102 a 1.7£04 b 1.4 0.8 3.6 7.7
20:4(n-6) 37201 a 59+03 b 20+0.1 ¢ 0.8 1.9 0.5 0.4
20:4(n-3) 1.2£0.1 a 1.4£0.1 b 1.0£0.0 ¢ 1.3 1.6 0.3 1.5
20:5(n-3) 187+04 a 13805 b 11.5+£02 ¢ 19.3 7.3 24.1 1.8
22:5(n-3) 28+0.1 a 23+0.1 b 0.1+0.1 ¢ 1.7 1.4 1.2 0.0
22:6(n-3) 99+02 a 93202 b 68102 ¢ 49 3.2 6.4 0.0
Others 142+14 a 151413 a 13.1+£05 a 19.7 214 18.5 11.5
Total fatty acid
mg/g.dry weight 190+ 5.6 a 180+1.0 a 309+15 b 53.1 455 103.4 74.7
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Table 3. Survival rates, percentage of the first post larvae and dry weight (mean *
SD, n=4) of Penaeus monodon larvae fed with three different diets.

Larvae Survival rate PL-1 Dry weight
received (%) (%) (ng/larva)
Rp 883+t63a 90.4+0.6 a 1049+319a
Re 925+24a 91.1+35a 107840 a
PA 86.7t64 a 90.0+3.7 a 87.5+86 a

DISCUSSION

Although the total fatty acids contents of Artemia and Pavlova were higher
than those found in the enriched rotifers, this level did not enhance the growth and
survival rates of P. monodon larvae. Kanazawa et al (22) found that the addition of
n-3 did not increase survival rates of P. japonicus larvae when the diet contained
adequate nutritional fatty acids. Fenucci et al (23) also found no correlation between
weight gain in juvenile P. stylirostris and the percentage of fatty acids of n-3 series or
the amount of 20:5(n-3) and 22:6(n-3). However, Volkman (14) pointed out that high
weight gain in larvae was only achieved when significant amounts of 20:5 and 22:6
fatty acids were part of the diets.

This study suggested that fatty acids found in P. monodon larvae were likely
to be obtained through the two following processes: accumulation and chain
elongation. When the essential components of the diets were inadequate, larvae
performed chain elongation-desaturation from the short chain components. Though the
process was observed to be extremely inefficient in other larvae (5), this study showed
that larvae of P. monodon exhibited chain elongation-desaturation of 20:4(n-6) from
18:2(n-6), and 20:5(n-3) and 22:6(n-3) from 18:3(n-3).

This study also showed that accumulation of fatty acids in P. monodon
was limited to a certain level. Some fatty acids may accumulate in the larvae at
levels much greater than those found in their diets. For example, larvae fed Rp
contained twice as much 18:2(n-6) as Rp. In contrast, Rp contained 19.4% of 16:1
(n-7), whereas the larvae fed Rp contained only 4.6% of this fatty acid. This
suggests that shrimp larvae do not accumulate fatty acids indefinitely, as there are
probably other important fatty acids to be incorporated into their tissue. Jones et al
(3) found that the larvae of P. japonicus incorporated only 6.4% of 18:2(n-6).
Clarke and Wickins (24) also found 1.4 -10.6% of 18:2(n-6) in juvenile of Penaeus
and Metapenaeus.

CONCLUSION

Rotifers enriched with Pavilova lutheri or a microparticulated diet rich in
fatty acids were likely a better food organism for P. monodon larvae compared to
the Artemia nauplius. Artemia was found to lack 22:5(n-3) and 22:6(n-3) and
contained a very low content of 20:5(n-3) which are very important fatty acids for
shrimp larvae development. However, larvae exhibited the ability to synthesize those
fatty acids from 18:3(n-3) which is abundant in Artemia. Those processes caused
excessive energy expenditures which retarded the growth of P. monodon larvae.
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