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Introduction

Freshly-haiched nauplii of Aizemia can be classified into two general groups,
freshwater and marine type, depending on the amounts of 18:3n-3 (tinolenic acid) and
20:5n-3 (eicosapentaenoic acid, EPA) (Watanabe et al., 1978). Most of the studied
Artemia populations contain either 18:3n-3 levels higher than 20% of total fatty acids
and EPA <5% or 18:3n-3 levels <10% and EPA levels between 5 and 13% (Bengtson
etal., 1991). Only the latter Artemia baiches are a suitable food for larvae of marine
fish and crustaceans which require EPA levels >5%, whereas both types can be fed to
freshwater organisms. Size of Artemia nauplii, although not so critical for crustacean
larvae, is very critical for most marine fish larvae that require prey in the 50-100um
range during first feeding and are switched to small size Artemia in the first 1-2 weeks
thereafter (Artemia instar-I nauplii range between 428-517pm, Vanhaecke and
Sorgeloos, 1980).

In view of past and present Artemia cyst shortages, it is essential to explore and study
Artemia sources other than the Great Salt Lake (Utah, USA). This paper reports on
the exceptionally high levels of EPA found in a population from Madagascar and
compares these values with other strains, both freshly hatched and enriched. We also
discuss the possible reasons that contributed to such a high HUFA content.

Material and methods

Cysts have been collected from the Ankiembe saltworks, 5km south of Toliara,
Madagascar. The population was found to be parthenogenetic and triploid
(Triantaphyllidis et al., submitted). Cysts were incubated in seawater under optimal
conditions (Sorgeloos et al., 1986). Instar-I nauplii were collected and their fatty acid
methyl esters (FAME) were prepared through direct transesterification following the
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method of Lepage and Roy (1984). FAME were separated on a Carlo Erba Mega
Series 5160 HRGC gas chromatograph equipped with a S0m very polar capillary
column BPX70, hydrogen as a carrier and the injection mode was on-column.

Results and discussion

Table I Fatty acid methylesters (FAME) of instar-1 Arfemia nauplii hatched from cysts
collected in Toliara (Madagascar) (the results are means from two analyses)

FAME ‘ Area . mg.g’dry weight
%
14:1n-5 1.15 1.65
14:0 2.35 3.30
15:0 0.75 - ‘ 1.05
15:1n-5 045 0.60
16:0 , 13.15 18.55
16:1n-7 14.35 20.20
17:0 0.80 ' ‘ 1.15
17:1n-7 ' 1.80 255
18:0 520 - ' 7.35
18:1n-9 SR 15.00 ~ 21.15
18:1n-7 12.80 18,15
18:2n-6-¢ 525 - : 740
18:3n-6 0.40 , 0.55
18:3n-3 445 6.25
18:4n-3 0.60 0.90
19:1n-9 nd nd
20:1n-9 0.20 0.20
20:4n-6 1.15 o 1.6
20:3n-3 nd nd
20:4n-3 0.10 N 0.20
20:5n-3 17.30 2445 -
yn-3:220:3n-3 17.45 2465
Total FAME ‘ 141.40

nd: not detected; “Content as a percentage of total fatty acids.

Table I shows the FAME composition of the population from Madagascar. Although
there is no docosahexaenoic acid (DHA), a typical phenomenon for Artemia, EPA
levels are very high (the highest levels ever reported for freshly-hatched Artemia). The
levels of linolenic acid, 18:3n-3, are quite low and thus this strain is falling in the
category of marine type Artemia (Watanabe et al.,, 1978). Since the fatty acid
composition of Artemia is environmentally and not genetically determined (Lavens et
al., 1989) one should seek the reasons of high HUFA content in the habitat conditions.
In Madagascar, cyst production takes place in relatively low salinity ponds i.e. from
80-100ppt. Under these conditions it is possible that microalgal species such us
diatoms, some haptophyceae (prymnesiophytes) and most cryptophytes that contain
significant amounts of EPA and DHA (Volkman et al., 1989) could be present and
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enhance the nutritional value of Artemia. Moreover, it has been shown that the total
lipid content of the diatom Navicula sp. increased with increasing salinity of the
medium from 30 to 100ppt but declined at 146ppt (Al-Hasan et al., 1990) while the
total fatty acid content of the marine alga Porphyridium cruentum (Rhodophyceae)
is increasing from 26 to 88ppt (Lee et al., 1989). In addition, the previous studies
showed that the poly-unsaturated fatty acids either remained constant or slightly
increased as the salinity elevated. In salinities above 120ppt halophyte green
microalgae prevail, such us Dunaliella sp., with low HUFA content. Further study of
the microalgal composition of the Madagascar saltworks is needed to isolate the
species that results in high EPA levels in Artemia.

Table Il summarizes literature data for several Artemia strains in terms of their EPA
content, total n-3 content and their size. The population from Madagascar exhibits the
highest EPA and sum of n-3 HUFA content compared to most commercially available
strains as well as from several other parthenogenetic and bisexual populations. The
size ofinstar-I nauplii from Madagascar is 490pm and is similar to the GSL nauplii
which is the main source of cysts for aquaculture purposes. GSL nauplii need to be
enriched for 24h with an emulsified product to obtain the same levels of EPA as the
strain from Madagascar. This also means that the size of the nauplii will be much
larger (~800pm) after the enrichment and thus of limited value when size is important.
The only limitation in using the Madagascar strain is the lack of DHA which plays an
important role during the early development of fish larvae (Watanabe, 1993).

Table II.  Content of EPA, total (n-3)HUFA and size of several strains of Artenia (freshly~
hatched instar-I nauplii, unless stated otherwise)

Artemia strain EPA Y(n-3)HUFA  Size  Reference
(mg.g'DW) >20:3n-3 (in pm) ,

Toliara, Madagascar 245 247 490 1
San Francisco Bay, USA 11.8 14.6 428-431 2
Great Salt Lake (GSL), USA 0.5-4.3 1.9-6.0 486-489 2
Citros, Greece 53 9.8 483 3
Megalon Embolon, Greece 3 7.9 479 3
Kalloni, Greece 11.8 144 521 4
Inner Mongolia, P.R. China 14-4.1 1.8-5 NA 5
GSL enriched with SELCO®* 21.3 374 ~800 6
for 24h

1: This study; 2: Léger et al., 1986; 3: Abatzopoulos et al., 1989; 4: Triantaphyllidis et al.,
1993; 5: Dhert et al., 1993; 6: Sorgeloos and Léger, 1992.

NA: data not available, ;

*Self emulsifying (n-3)HUFA enrichment concentrate (INVE Aquaculture NV, Belgium).
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Conclusions

The high EPA content of the population from Madagascar together with the relatively
small size of nauplii makes this population very attractive for use in aquaculture. The
very high EPA content can be explained from the fact that cyst production occurs
under relatively low salinities (not higher than 100ppt) that allow growth of microalgal
species with high HUFA content.
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