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Abstract

The importance of essential fatty acids for the early larval stages o f cultured marine fish and crustacean 
larvae is well documented. In this regard, the variability in essential fatty acid content o f  their live prey 
Artemia is critical.

This paper describes different techniques for improving the fatty acid profile in Artemia nauplii using 
microparticles and emulsions as enrichment diets. These diets can be applied during the incubation o f  the 
cysts and/or after separation o f the nauplii. After enrichment, the nauplii not only contain high levels o f  the 
essential fatty acid 20 : 5co3 (up to 13.5% or 35.2 m g/g) but also considerable levels o f 22:6w3 (up to 7% 
or 18.1 m g/g), another essential fatty acid which is rarely found in Artemia. Fatty acid enrichment o f  Artemia  
nauplii therefore not only minimizes differences in nutritional quality between strains (e.g. in 20:5u)3 
content), but it also converts the nauplii into a high-quality food (e.g. 22:6co3).

The beneficial effect o f using essential fatty acid enriched Artemia as a larval diet is demonstrated in a 
bioassay test with Mysidopsis bahia (M .).

Introduction

In the last decade, the nutritional value of Artemia as a food source for larval fish and 
crustaceans has been very much on the foreground. Indeed, using different sources of Artemia 
or even different batches from the same source, an important variation in nutritional effectiveness 
for marine larval organisms has been experienced (reviews in Léger et al., 1986, 1987). Ibis 
geographical and temporal variation has generated intensive research in determining which 
factors govern the nutritional value of Artemia. Besides differences in naupliar dimensions, one 
Artemia factor has unambiguously been related to the culture success in marine larviculture -, le. 
the presence of essential fatty acids, especially the long chain highly unsaturated fatty acids 
(HUFA) such as eicosapentaenoic acid (20:5co3).

1 International Interdisciplinary Study on Artemia strains coordinated by the Artemia Reference Center, State 
University of Ghent, Belgium.
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When comparing various strains and batches of Artemia (Table I) a considerable variability in 
20:5co3 is noticed. Striking is the wide range in 20:5co3 content in San Francisco Bay, Brazil, 
and China Artemia and the narrow range in Utah Artemia. Ecological differences between 
evaporation ponds (e.g. salinity, nutrient composition) in a solar saltworks (e.g. San Francisco 
Bay, Brazil, China) arc indeed translated in differences in food composition (e.g. phytoplankton) 
i.e. in a varying fatty acid profile of the Artemia diet, which in turn influences the fatty acid quality 
of the offspring (Lavens et al„ 1987). Ecologically stable environments such as hypersaline lakes 
(e.g. Great Salt Lake and Chaplin Lake) will therefore produce cysts with a more predictable 
fatty acid profile (Léger et al., 1986). Docosahexaenoic acid (22:6co3), another essential fatty 
acid of the marine type (Yone, 1978 ; Holland and Jones, 1981 ; Léger and Frémont, 1981 ; 
Léger et al., 1985 ; Bell et al., 1985 ; Jones et al., in press) has been detected in insignificant 
levels only in Artemia nauplii (Léger et al., 1986). The unpredictability of essential fatty acid 
levels and the fact that these essential nutrients may even be completely lacking in Artemia are 
a major constraint for the successful use of Artemia as a nutritionally suitable food source in 
marine larviculture.

Ta bl e  I

Intra-strain variability o f 20:5w3 content in Artemia 
Data represent the range (area percent) and coefficient 

o f variation o f data as compiled by Léger et al., 1986, 1987

Artemia  geographical strain 20:5co3 range 
(area %)

coefficient 
o f variation (%)

USA — California : San Francisco Bay 0.3-13.3 78.6
U SA — Utah Great Salt Lake (south arm) 2.7- 3.6 11.8
USA — Utah Great Salt Lake (north arm) 0.3- 0.4 21.2
Canada-Chaplin Lake 5.2- 9.5 18.3
Brazil-Macau 3.5-10.6 43.2
PR China-Tientsin 1.3-15.4 50.5

Recently, however, several authors have elaborated techniques for the nutritional enhancement 
of Artemia nauplii (review in Léger et al., 1986). Several types of enrichment diets have been 
used such as microalgae (Morris, 1956 ; Forster and Wickins, 1967 ; Wickins, 1976 ; Kelly et 
al., 1977 ; Bromley, 1978 ; Howell, 1979 ; Howell et ai, 1981), co-yeast (Watanabe etal. 1978, 
1980, 1982, 1983), microparticles and emulsions (Robin, 1982 ; Robin et al„ 1981, 1984 ; 
Gatesoupe, 1982 ; Watanabe et al, 1982 ; Léger et al., 1985). The use of algae for Artemia 
enrichment is not to be recommended since they have to be cultured and contain variable levels 
of 20:5co3 and 22:6co3, the latter being rarely present (Moai et al., 1978 ; Scott and Middleton, 
1979 ; Enright, 1984). The use of co-yeast -  baker’s yeast enriched with fish-oil, may eliminate 
the problem of inconsistent levels of the essential fatty acids but has the disadvantage not to be 
commercially available since the co-yeast should be used in a living condition (Watanabe, pers. 
commun). The application of formulated and emulsified diets based on oils containing high levels 
of HUFA’s or HUFA-concentrates provides better opportunities for effective large scale Artemia 
enrichment. Efficient enrichment using such diets will, however, largely depend on diet stability, 
availability in the water column and on enrichment procedures.
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In this paper we describe the use of microparticulate and emulsified HUFA-boosters for 
Artemia nauplii. Culture tests were run with the mysid shrimp Mysidopsis bahia in order to 
evaluate the effect of enrichment on the nutritional value of the Artemia. The experiments with 
microparticles are discussed separately since they were the epochal precursor of the experiments 
using emulsified diets.

Materials and methods

A r t e m ia  h a t c h i n g

The Artemia used for these studies originated from San Pablo Bay (CA-USA batch 1628 ; 
abbreviated SPB), San Francisco Bay (CA-USA batch 236-2016 ; abbreviated SFB), Great Salt 
Lake (UT-USA northern arm ; abbreviated GSL) and Tientsin (PR China ; abbreviated ITS). 
Hatching was carried out in filtered (5 pm) artificial seawater (formula of Owens, in Sorgeloos 
et al„ 1983) at 25 °C or 28 °C, 35 % S, 2 000 lux under continuous aeration. The nauplii were 
harvested after 24 h (SPB, SFB, GSL) or 48 h (TTS), separated from hatching debris, and 
thoroughly rinsed before being transferred to the enrichment medium.

A r te m ia  e n r ic h m e n t  

With microparticles

In a series of experiments carried out in 1981 three experimental microparticulate diets were 
used : cod liver oil coated ricebran (CLORB), rice oil coated ricebran (RORB), and AA18, an 
experimental microparticulate diet manufactured by Artemia Systems NV-SA, Gent, Belgium. 
The diets differed in content of co3-HUFA (Table II) and were used to study the manipulation 
of the fatty acid profile in Artemia and its effect on the nutritional value for Mysidopsis bahia. For 
this the freshly-hatched SPB (24 h, 25 °C) Artemia nauplii were transferred (naupliar density 
25/ml) into an aerated suspension of freshly-prepared enrichment diet (0.6 g/1) in filtered 
(0.2 pm) artificial seawater (35 % S, 25 °C). A turbidity of 15 cm was installed (±  0.6 g diet/1) 
and maintained. After 24 h the enriched metanauplii were harvested, rinsed, and fed to the mysid 
larvae or used for analytical examination.

With emulsions

These enrichment procedures described above were adapted for large scale application of 
Artemia enrichment in fish and shrimp farming {i.e. selection of widely available and cheap cysts, 
of Great Salt Lake, Utah-USA origin, Artemia densities up to 300 nauplii/ml during enrichment). 
Enrichment was performed with the commercial product Selco (Artemia Systems NV-SA, Gent, 
Belgium), i.e. a stable (chemically and physically) enrichment diet under the form of a HUFA 
enrichment concentrate ; this diet is a self dispersing liquid producing finely dispersed globules 
(approximately 2 pm) which are readily ingested by Artemia nauplii.

Three enrichment procedures were tested :

1. Enrichment of freshly-hatched nauplii (separated from their hatching debris after 24 h, 
28 °C) incubated at a naupliar density of 300/ml in a prepared emulsion of 0.6 g Selco/1 artificial
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seawater. The enrichment diet was administered in one, two or three rations. The required weight 
of Selco was vigorously shaken in water and diluted in the required volume of seawater. The 
enriched melanauplii were harvested after 12 h, 24 h, or 48 h incubation at 28 "C, and were 
thoroughly rinsed before feeding or analysis.

2. Enrichment in the hatching medium without separation of the nauplii. A series of trials 
was set up adding Selco after 24 h hatching incubation at 28 °C without separating the nauplii 
from the empty cyst shells. For this, disinfected cysts (20 min incubation in 200 ppm active 
chlorine) were incubated at a density of 2 g/1 which yielded approximately 300 nauplii/ml. 
Enriched metanauplii were harvested and separated from the hatching debris after 12 h, 24 h, 
or 48 h incubation and thoroughly rinsed before feeding or analysis.

3. Enrichment during hatching incubation using the commercial formulation Supar (Arte
mia Systems, NV-SA, Gent, Belgium), consisting of Artemia cysts treated with a special self 
emulsifying «3-HUFA concentrate. Supar cysts were incubated at 2 g/1 during 36 h at 28 °C in 
filtered (0.2 pm) artificial seawater after which the enriched metanauplii were harvested, 
separated from their hatching debris, and thoroughly rinsed before feeding or analysis.

The effect of temperature (25 °C and 30 °C) and light on to3-HUFA accumulation in Artemia 
was also investigated in a separate experiment using Selco as enrichment diet.

All enrichment trials were carried out in triplicate in 1001 polyethylene cylindroconical tanks 
provided with three aeration lines (one open tube and two equipped with air stones) as to 
maintain 4-5 ppm oxygen during enrichment. One trial with Chinese cysts was carried out in a 
2 0001 cylindroconical polyester tank.

M y s id o p sis  bah ia  c u l t u r e  t e s t

The nutritional value of freshly-hatched and enriched Artemia nauplii was assessed in a 
bioassay test with juvenile Mysidopsis bahia (Molenock). The testing procedure used, is outlined 
by Léger et al. (1987).

Fa tty  a c id  a n a ly sis

Fatty acid profiles were determined by capillary gas chromatography. For this, samples were 
first homogenized with an ultrasonic homogenizer (Sonifier B12), total lipids were extracted 
according to the method of Bligh and Dyer (1959), and saponification and estérification was 
done according to the procedure described by Schauer and Simpson (1978). Fatty acid methyl 
esters were injected on a capillary column (25 m fused silica inner diameter i.d. : 0.32 mm, liquid 
phase : Silar 10C, film thickness : 0.3 pm) installed in a Carlo Erba Mega 2350 gas chromato
graph.

Operating conditions were as follows .- on-column injector, carrier gas : hydrogen, flow rate : 
2 ml/min, FID detection, oven temperature programme : 105 °C to 150 °C at 10 °C/min and 
150 °C to 200 °C at 5 °C/min. Peak identification and quantification was done with a calibrated 
plotter integrator (HP3390A) and reference standards. Fatty acid composition was expressed in 
area percent and mg fatty acid methyl ester per g dry weight sample applying the internal standard 
method using 20:2co6 as a standard.
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Results

M icr o pa r tic u la te  d iets

It appears from Table II that the to3-HUFA content in SPB Artemia nauplii is considerably 
increased when the nauplii are fed during 24 h with a co3-HUFA rich diet (e.g. CLORB and 
AA18). Only a slight increase is noticed when a to3-HUFA lacking diet (RORB) is used for 
enrichment or when the nauplii are starved for 24 h. This suggests that Artemia nauplii are able 
to elongate the chain and desaturate lower fatty acids, be it not very efficiently. This bioconversion

Table  II

0J3-HUFA content (area percent and mg fatty acid per g dry weight) 
o f  enrichment diets and Artemia preparations.

( - )  not detected ; (tr) trace ; (£w3-H UFA) sum co3-HUFA> 20:3w3 ;
(24 hE) 24 h enriched ; (AS) after separation o f nauplii ; (N S) no separation

20:5w3 22-.6w3 Ew3-HUFA

Area % mg/g Area % mg/g Area % mg/g

Enrichment diets

•  CLORB 8.0 6.3 10.0 5.2 20.9 14.2
•  RORB - — - - tr tr
•  AA18 8.5 6.4 9.9 7.5 20.8 15.9
•  Selco 11.2 78.2 13.2 91.8 30.4 212.6
•  Coconut - - - - - -

Artemia preparations

•  SFB — freshly-hatched 9.3 11.8 0.2 0.3 11.5 14.6
•  SPB -  freshly-hatched 0.5 0.5 - - 0.7 0.8
•  SPB — 24 h starved 1.4 1.1 0.6 0.4 3.5 3.0
•  SPB -  CLORB, 24 hE 6.3 7.3 1.5 1.9 8.9 10.1
•  SPB -  RORB, 24 hE 0.9 0.8 - — 1.9 1.9
•  SPB -  AA18, 24 hE 8.2 9.9 1.5 2.4 10.6 1-3.9
•  GSL — freshly-hatched 0.3 0.5 - - 1.2 1.9
•  GSL — AS, 0.6 g coconut, 24 hE 0.9 0.8 0.4 0.4 3.4 3.0
•  GSL -  AS, 0.6 g Selco, 12 hE 5.2 7.9 2.9 4.4 9.8 14.4
•  GSL -  AS, 0.6 g Selco, 24 hE 9.9 21.3 5.9 12.7 17.8 37.4
•  GSL -  AS, 0.6 g Selco, 48 hE 13.5 35.2 7.0 18.1 23.0 58.6
•  GSL -  AS, 2 X 0.3 g Selco, 24 hE 11.7 25.8 4.6 10.2 18.6 37.7
•  GSL -  AS, 3 X 0.2 g Selco, 48 hE 12.2 33.8 4.8 13.2 19.9 53.5
•  GSL -  NS, 0.6 g Selco, 12 hE 4.5 6.4 2.4 3.3 8.2 11.2
•  GSL -  NS, 2 X 0.3 g Selco, 24 hE 7.0 12.1 4.4 7.5 13.3 22.1
•  GSL -  NS, 3 X 0.2 g Selco, 48 hE 12.0 22.3 6.4 11.9 21.0 38.3
•  SUPAR 4.6 8.0 4.0 6.8 9.7 16.7
•  TTS * 13.0 13.6 — — 15.6 16.3
•  TTS, decaps., NS, 2 x 0.3 g 12.3 17.9 3.6 5.2 20.9 30.3

Selco, 19 hE *

•  TTS, decaps., NS, 2 x 0.3 g 12.6 26.8 4.1 8.9 20.5 45.2
Selco, 24 hE *

* Data from Lisae et al. (1986).
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ability was shown before in ongrown Artemia (Kayama et at., 1963 ; Jezyck and Pemcnak, 1966 ; 
Hinchcliffe and Riley, 1972).

The effect of ic3-HUFA enrichment on the nutritional value of Artemia nauplii is clearly 
illustrated in the culture lest with Mysidopsis bahia (Table III) : a significant improvement in both 
survival and growth is obtained when oo3 -HUFA-fortified nauplii were fed. Survival and growth 
(in terms of individual length) in M. bahia fed AA18-enriched Artemia is not significantly 
different from the treatment fed SFB nauplii.

E m u l sified  d iets

Table II and Fig. 1, 2, and 3 produce results of co3-HUFA levels in GSL Artemia nauplii 
submitted to different enrichment techniques using the prepared emulsion Selco. When adding 
only one fraction of 0.6 g Selco/1, the co3-HUFA concentration in separated nauplii increases 
from 1.9 mg/g after hatching to 14.4 mg/g after 12 h enrichment, to 37.4 mg/g after 24 h, and 
to 58.6 mg/g after 48 h enrichment. Splitting up 0.6 g Selco in two or three fractions does not 
yield increased levels. When enrichment is done without separating the nauplii from the hatching 
debris, le. by adding the emulsion directly to the hatching medium, a rationing is necessary for 
a 24 h and 48 h enrichment. One ration of 0.6 g Selco/1 during 12 h enrichment gives similar 
(jo3-HUFA levels as when separating the nauplii. However, the same application for a 24 h or 
48 h enrichment resulted in a high naupliar mortality. Even when rationing the Selco in two or 
three fractions, the io3-HUFA accumulation is always lower than enrichments with separated 
nauplii.

Enrichment during hatching incubation (Supar formulation) yields a significant increase in 
io3-HUFA after about 30 h incubation (which coincides with about 6 h enrichment after the first 
Selco addition in previous procedures). The levels obtained after 36 h incubation are slightly 
higher than those after 12 h enrichment in the previous procedures. Survival of the nauplii, 
stocked at 300 individuals/ml was always above 90 % provided that the oxygen levels were 
maintained above 4 mg/1. In the procedure adding one portion of emulsion in the hatching 
medium for 24 h and 48 h enrichment oxygen depletion was the cause of high mortality.

When using separated nauplii and applying one or more rations of emulsion, no differences 
in survival nor enrichment success were noticed. Nonetheless for large scale application which 
involves more difficulties to maintain high oxygen levels, it is advisable to apply the emulsion in 
two fractions. Enrichment in the hatching medium requires disinfection of the cysts prior to 
incubation as to suppress bacterial blooming and oxygen demand. Good enrichment results have 
also been obtained in the hatching medium when using decapsulated cysts (Table II, Chinese 
cysts). Freshly-decapsulated cysts were incubated at 28 °C in 1 5001 seawater ; at maximal hatch 
(48 h) 0.3 g Selco/1 was added and a second ration of 0.3 g/1 was administered about 12 h later ; 
a sample of enriched Artemia was taken after 19 h and 24 h enrichment. Results show good 
oo3-HUFA accumulation when using this method.

The experiment on temperature and light effects on enrichment reveals that only temperature 
interacts (Table IV), i.e. co3-HUFA buildup is significantly faster at 30 °C than at 25 °C. The 
effect of GSL Artemia enrichment with emulsified diets on their food value for mysid larvae is 
documented in Table V. Both survival and growth are significantly improved when feeding a 
io3-HUFA rich diet. Artemia enrichment with a coconut oil emulsion does not improve survival 
in mysids although a significant effect on growth is noticed. This could be due to the higher
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F ig . 1. Histographic presentation of w3-HUFA accumulation (area % and mg/g values) in GSL Artemia
nauplii enriched with a prepared emulsion (Selco), after separation from their hatching debris.
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Fig. 2. Histographic presentation of to3-HUFA accumulation (area % and mg/g values) in GSL Artemia
nauplii enriched with a prepared emulsion (Selco) in the hatching medium.
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F i g . 3. Histographic presentation o f to3-HUFA accumulation (area % and mg/g values) in Artemia nauplii
produced from treated cysts (Supar formulation), during hatching incubation.
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energetic content of the nauplii after lipid enrichment and/or to the slightly increased level of 
22:6w3. This effect does not appear with SPB Artemia as a food source where starved nauplii 
also contain low but. notable levels of 22;6w3,

T able  V

Results o f  the Mysidopsis bahia culture test using GSL Artemia  nauplii 
freshly hatched or enriched with an emulsion (Selco or coconut oil)

Culture results Freshly-hatched Coconut oil 
24hE

Selco
24hE

Survival (% ±  sd) 45.8 ±  27.5b 45.6 ±  12.8b 78.1 ±  13.5a
Individual length (pm  ±  sd) 4 087 ±  200“ 4 482 ±  337“ 5 108 ±  135“*
Individual dry weight (pg ±  sd) 205.4 ±  20.0bB 256.8 ±  47 .4“ 325.3 ±  14“*

a,b,c resp. A,B,C : means with different superscript are significantly different at the a  :0.05 resp. a  : 0.01 level.

Discussion and conclusions

Aiming to enhance the nutritional value of Artemia nauplii to3-HUFA enrichment may be done 
in various ways using microparticulate or emulsified diets. The present study reveals that the 
highest levels are obtained when using the prepared emulsion. These levels are notably higher 
than those reported earlier in literature (review in Léger et al., 1986). This may be due to the 
optimized procedures used for Artemia hatching and enrichment, and also to the high stability 
of the emulsion in strongly aerated seawater. The availability in the water column of a sufficiently 
high concentration of enrichment particules or droplets of an appropriate size is indeed critical 
for optimal enrichment in Artemia (cf. better enrichment levels when using AA18 — with better 
granulometric composition -  versus CLORB, although both diets contain similar to3-HUFA 
concentrations ; higher levels in Selco-enriched nauplii as compared to literature results with 
other emulsions). Contrary to the low naupliar densities reported by other authors {e.g. 
10-15/ml, Robin, 1982 ; Robin et al., 1984) we still obtain higher enrichment levels with up to 
300 nauplii/ml. Application of optimal hatching procedures, reaching maximal hatch in a 
minimal time, further helps in reaching high co3-HUFA levels after only short enrichment 
periods. Attention has also to be paid as to have the enrichment diet available at the time of first 
feeding of the nauplii (instar II-stage). This time is determined by the hatching rate of the cysts 
used (Vanhaecke and Sorgeloos, 1982). Another intrinsic factor determining maximal enrich
ment rates is the hatching synchrony of the Artemia cysts used {e.g. time lapse between 
appearance of first and last hatching nauplius) which can vary from 5 h to 17 h at 25 °C 
(Vanhaecke, 1983). This means that the moment of first feeding (= start of enrichment) will also 
be spread. Taking these hatching characteristics into account, higher enrichment levels can be 
achieved in shorter times, and as such smaller sized Artemia metanauplii are yielded. Indeed, 
12 h to 48 h enriched Artemia metanauplii, produced according to the procedures described in 
this study measure 660 pm (12 h enrichment) to 790 pm (48 h enrichment) instead of over 
900 pm when other methods are applied. The literature provides numerous examples of prey size 
being an important parameter in larval culture success, since the larger it is, {e.g. enriched
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Artemia) the mote delayed its earliest introduction in Ute feeding regime (Léger et al., 1986) will 
be.

The culture test with Mysidopsis bahia illustrates the benelicial effect on survival and growth 
of feeding w3-HUFA enriched Artemia. When feeding enriched SPB Artemia, survival and growth 
(in terms of length) of M. bahia are not significantly different from the treatment fed SFB nauplii. 
Growth in terms of individual dry weight, however, is best in mysids fed SFB Artemia. This might 
confirm that SPB Artemia are not only deficient in io3-HUFA but that they may contain particular 
antinutrients as suggested by Olney et al. (1980). These observations could also indicate that, 
for M. bahia, the sum of w3-HUFA is more important than the contribution of particular fatty 
acids, e.g. 22:6co3. On the other hand the effect of io3-HUFA enrichment in GSL Artemia as a 
food source for M. bahia is very clear on both survival and growth. When growth in terms of 
individual dry weight is compared with the SFB-treatment (previous test), we see that the 
to3-HUFA enriched GSL Artemia are still inferior. This is, however, not the case with other 
predators such as shrimp larvae Penaeus stylirostris (Léger et al., 1985) and Penaeus vannamei 
(Léger et al., 1987), and fish larvae Dicentrarchus labrax (Franicevic et al., 1987) and Sparus 
aurata (Lisae et al., 1986) where SPB, GSL, or other Artemia nauplii enriched with the same 
co3-HUFA diet always performed significantly better than a SFB-control. For these predators the 
presence of the 22:6co3 fatty acid in enriched Artemia was believed to be an essential factor, 
confirming the role of 22:6co3 as an essential component in the larval nutrition of marine fish 
and crustaceans (Yone, 1978 ; Holland and Jones, 1981 ; Léger and Frémont, 1981 ; Léger et 
al., 1985 ; Bell et al., 1985). Since this essential fatty acid is mostly absent in Artemia and the 
20:5co3 content varies considerably it is advised to apply to3-HUFA enrichment techniques as 
a routine procedure in the larval culture of marine fish and shrimp species. The enrichment 
techniques described in this paper may also be applied for incorporating other essential nutrients 
{e.g. vitamines, amino acids, etc.) and other active components (pigments, therapeutics, etc.) in 
Artemia. This will be presented in other studies.
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