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SUMMERY

' reshly-hatched asexual Artemia nauplii collected from Qarun lake Egypt
and bisexual Artemia franciscana nauplii from Great Salt Lake, USA

were enriched with 22:6-3 docosahexaenoic acid (DHA) by using lipid

emuision containing 95%of DHA ethyl esters (% total fatty acid).
Temperature and salinity during the 24 h enrichment and subseguent 24h starvation
were 28°C and 34 gi”, which are the standard condition for Artemia franciscana.
The initial DHA values after the hatching were 0 and 0.2 mg/g”' DW for Artemia
JSranciscana and Qarun, respectively. Initial 20:5n-3 (eicosapentaenoic acid EPA)
values were high in the 4. franciscana nauplii (8.4 mg/g"'DW as compared to 0.2
mg/g'DW in the Qarun). During the first enrichment period (24 h), the DHA
content increased to 22.56 mg/g’'DW and 273 mg/g'DW A. franciscana and
Qarun, respectively. After 24h enrichment the respective DHA values were 25.26
mg/g"DW and 29.73 mg/g 'DW. During the enrichment, increasing the content of
EPA, which suggests the bioconversion of DHA to EPA in Qarun strain.
Subsequent starvation (24-48h), DHA and EPA levels in both strains decreased
(DHA 8.16 and 11.4 mg/g"'DW, EPA 13.73 and 3.93 mg/g 'DW for A. franciscana
and Qarun strains, respectively. This is according to the previous findings showing

an importance and rapid catabolism of DHA in Qarun population. This finding
increase the potential of use Qarun strain in the marine hatcheries for larval rearing.
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INTRODUCTION

The economic importance of Artemia for shellfish and marine larviculture is
substantial (Bengtson et al., 1991; Lavens and Sorgeloos, 2000; Dhont and Sorgeloos,
2002). The size range of Artemia and their different physical forms make them very
versatile to the growth and development of fish and shellfish fry. Over the years, more than
90 % of the world ‘s commercial harvest of brine shrimp cysts derived from Great Salt
Lake {GSL) (Laven and Sorgeloos. 2000). GSL proved —however big —to remain a natural
ecosystem subject to climatic and other influences and has illustrated this by inflicting
unpredictable and fluctuating cyst harvest, which in return affect the cyst price.
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Egypt, as a part of the Mediterranean area, has several saline lakes, lagoons and solar
saltworks. These environments are suited for the development of natural populations of
brine shrimp. In the South West of the Niie delta Artemia was reported in Qarun lake in the
El-Fayum (Imesal Saline Company). The population from Qarun has a mean cyst diameter
of 246 um (Amat, 1980; Triantaphyllidis et al., 1996), it may be among the smallest values
that have ever been recorded for parthenogenetic Artemia. The size of cysts from Qarun
seems to be comparabie to the Great Salt Lake (GSL) A. franciscana cysts, which is one of
the main sources of brine shrimp cysts for use in aquaculture (Triantaphytlidis et al., 1994,
Ei-Bermawi and Omer, 2008). This feature makes the population from Qarun very
attractive for commercial use. The levels of the essential fatty acids 20:503 and 22:603 in
Qarun are considered to be not sufficient to secure good survival and growth of the marine
larval organisms (Levine and Sulkin, 1984; Léger et al., 1986; 1987; El-Bermawi, 2003).
In addition the samples have been collected from salt ponds where the salinity was around
120 to 200 g/l. In such conditions of high salinity, microalgal species such as diatoms
(Haptophyceae and Prymnesiophytes) and most Cryptophytes, that contain significant
amounts of EPA and DHA, cannot exist in the medium. The existence of these diatoms can
improve the nutritional value of Arfemia (Triantaphyllidis et al., 1996).

Egyptian aquaculture has been expanding rapidly with the production of fish and
shrimp, especially after these activities attracted the interest of the private sector (GAFRD,
2007). Important investments have been made in the seiting up of fish and shrimp
hatcheries, which need substantial quantities of Artemia cysts and biomass. High import
taxes and high dolar exchange rate are considered to be an additional load to the fry price
(El-Bermawi, 2003). The present study examines the metabolic fate of the major n-3
HUFA in two genetically different strains to evaluate the potential value of the Qarun
strain for application in marine hatcheries.

MATERIALS AND METHODS

Cyst processing:

Parthenogenetic Artemia cysts collected from saltwork of Qarun lake, (El-Fayum,
Imesal Saline Company) were processed according to the methods of Lavens and
Sorgeloos (1996); different sieves sizes were used to remove all foreign materials. Density
separation in brine (>208 g/l) with strong aeration for one day was then done using Instant
Ocean® (synthetic sea salt, Aquarium Systems, Inc, Mentor, Ohio, USA) salt mixture. The
aeration was stopped for 2 hrs in order to allow heavy debris to sink and full cysts, empty
cysts and light debris to float. Cysts and light debris were collected and washed with fresh
water for 10 min using a 150 um mesh sieve to remove all the salt. For full cysts
separation, cysts were washed in fresh water with strong aeration for 10 min, then full
cysts were collectéd from the bottom of The cone. Fast and homogencous drying of the
cysts in oven at atemperature of <40°C was provided until a 10 % moisture content was
reached. This level of moisture has been forund to o stop the metabolic activity in the
cysts. Dried cysts were vacuum packed and stored at 4°C. Processed GLS (Arfemia
Jranciscana) strain from Arfemia Reference Center Cyst Bank was directly used.
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Cyst hatching and enrichment:

Artemia cyst from two different locations, A. franciscana (Great salt fake, USA) and
Artemia parthenogenetica from Qarun lake (2 new population described by El-Bermawi,
2003 from Qarun lake, Egypt), were used in this experiment. The Cysts (12 g I'' because of
the poor hatching %) from Qarun and (4 g | ~') from Artemia franciscana cysts were
incubated in filtered seawater (34 g [ ' salinity) at 28°C under continuous acration and
light for hatching. After hatching, the nauplii were separated from the cyst shells and
transferred (o 2 liter cylindroconical glass tubes at 28°C and a density of 200 individual
/ml” with continuous aeration from the bottom of the cone using an additional air-stone to
keep oxygen levels above 5-6 mg I for enrichment. Freshly hatched Artemia nauplii were
enriched with 22:6n-3 by using emulsion containing 95 % of DHA ethyl esters (% of the
total fatty acids). The emulsion (0.4 g I'') was added at the beginning of earichment (t =0
h) and after 12 h (t =12 h). After 24 h enrichment (t =24 h), surviving nauplii were
transferred into glass tubes at a density of 100 individual /mI™ and at 28°C for a subsequent
fastedof 24 h (s = 24 h). Triplocate samples from each tube were taken at ty ts t; and ty as
well as 24 s for lipid analysis.

Fatty acid analysis:

Fatty acids were determined by gas chromatography. Fatty Acid Methyl Ester
(FAME) were prepared via a modified procedure of Lepage and Roy (1984). This method
implicates a direct acid catalyzed transesterification without prior extraction of total fat, on
dry sample amount ranging from 10 to 150 mg. Ten percent of an internal standard (20:2n-
6) was added prior to the reaction. Fatty acid methyl esters were extracted with hexane.
After evaporation of the solvent the FAME were prepared for injection by redissolving
them in iso-octane (2 mg/m!). Quantitative determination was done by a Chrompack
CP9001 gaschromatograph equipped with an autosampler and a TPOCI (temperature
programmable on-column injector). Injections (0.2 pl) were performed on-column into a
polar 50 m capillary column, BPX70 (SGE Australia), with a diameter of 0.32 mm and a
layer thickness of 0.25 pum connected to a 2.5 mm methyl deactivated pre-column. The
carrier gas was H, at a pressure of 100 kPa and the detection mode FID. The oven was
programmed to rise from the initial temperature of 85°C to 150 °C at rate of 30°C/ min,
from 150°C to 152°C at 0.1°C/min, from 152°C to 172°Cat 0.65 °C/min, from 172°C to
187°C at 25°C/min and to stay at 187°C for 7 min. The injector was heated from 85°C to
190°C at 5°C/sec and stayed at 190°C for 30 min. Identification was based on standard
reference mixtures (Nu-Chek-Prep, Inc., U.S.A.). Integration and calculations were done
on computer with the software program: Maestro (Chrompack) (Han, 2001). Decapsulated
cysts for all the tested strains have been used for the FAME test, since the hatching
percentage was poor after 24 hrs (Abatzopoulos et al., 1989).

RESULTS AND DISCUSSION

The fatty acid composition of: the freshly-hatched nauplii of both Arfemia strains are
presented in Table (1). The mmal values of docosahexaenoic acid after hatching (DHA,
22:6n-3) were 0 and 0.2 mg /g’ DW for A. franciscana and Qarun strains respectively. The
initial 20:5n-3 (encosapentaenmc acid, EPA) value was 8.4 mg /g’ DW for 4. franciscana
while it was 0.2 mg /g’ DW for Qarun stram Total ®-3 HUFA in the freshly hatched
Artemia nauplii were 9.7 and 0.9 mg /g ™' DW. Table 1 and Fig.1 and 2 show the
modification in the DHA and EPA profiles following the enrichment with
docosahexaenoic acnd During enrichment (0 to12 hrs), the DHA content increased to
22.56 and 27.3 mg./g" DW in A. franciscana and Qarun strain, respectively. After 24 hrs
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enrichment DHA contents in both strains were elevated (25.26 and 29.33 mg/g’ DW,
respectively). Both strains rapidly catabolized, DHA during the starvation period (24 h), in
accordance with the finding in 4. farnciscana (Triantaphyllidis et al., 1995, Han et al.,

1998). The content of EPA increased slightly from 8.4 to 14.66 mg/g’ DW for A.
Jranciscana and 0.2 to 6.53 mg/g"' DW for Qarun. During the subsequent starvation (24-48
h), the DHA and EPA Ievels were decreased in both species to 8.16 and 11.4 mg /g"'DW
13.73 and 3.93 mg /g'DW, respectively {Table 1). EPA levels were varied between the
two strains during the starvation pericd (Qarun strain was catabolizing EPA faster than A.

Jfranciscana). The former value represents, to our knowledge, the lowest DHA and EPA in
Qarun freshly hatched nauplii (Tablel). The fatty acid composition of Artemia is
determined by its natural habitat condition (Lavens et al., 1989). Therefore, the saltwork
from which

Table (1): Effect of incubation time with DHA on the fatty acid composition (mg g
dry weight) of freshly-hatched (t = Oh) A. franciscana (Great Salt Lake,
USA) and Artemia parthenogenetica Qarun (Qarun Lake, Egypt). Nd:

not detected.
Incubation Time (hrs)
Fatty Acid Methyl Enrichment with DHA {22:6n-3) w':;;:;g;{A
Ester (mg/gDW) i) 3 12 2 48
GSL Qarun  GSL  Qamun GSL  Qarun GSL  Qarun  GSL  Qarun
14:0 20 09 20 09 20 09 20 09 20 09
14:1n-5 1.8 21 i.8 2.1 1.8 21 1.8 2.1 1.8 2.1
15:0 1.8 21 1.8 21 1.8 21 L8 21 1.8 2.1
15:1n-5 Nd {1 Nd 1.1 Nd 1.1 Nd 1.1 Nd 1.1
16:0 206 120 206 12.0 206 120 206 120 206 2.0
16:10-7 79 27 79 27 79 27 79 27 79 2.7
17:0 08 1.1 08 11 0.8 1.1 08 1.1 0.8 i1
17:1n-7 2.1 Nd 21 Nd 2.1 Nd 2.1 Nd 2.1 Nd
18:0 69 6.1 6.9 6.1 69 6.1 69 6.1 69 6.1
13:1n-9 349 14.4 349 144 349 144 349 14.4 349 14.4
18:1n-7 136 59 36 59 3.6 59 136 59 116 59
18:2n-6° 10.1 0.1 10.1 0.1 £0.1 0.1 10.1 0.1 10.1 0.1
18:2n-6" 0.5 4.1 0.5 41 0.5 4.1 0.5 4] 03 4.1
18:3n-6 Nd 03 Nd 0.3 Nd 03 Nd 03 Nd 03
19:1n-9 Nd 05 Nd 05 Nd 05 Nd 0.5 Nd 0.5
18:3n-3 394 82 394 82 394 82 394 82 394 82
18:4n-3 48 15 43 1.5 43 15 48 1.5 48 1.5
19:0 Nd 0.1 Nd 01 - Nd 0.1 Nd 01 Nd 0.1
19:1n-9 05 Nd 03 Nd 0.5 Nd 03 Nd 6.5 Nd
20:1n-9 Nd 04 Nd 04 Nd 04 Nd 04 Nd 04
20:1n-7 Nd 0.7 Nd 0.7 Nd .07 Nd 0.7 Nd 0.7
20:3n-6 Nd = Nd Nd Nd Nd Nd Nd Nd Nd Nd
20:4n-6 1.7 o 1.7 0 1.6 0.1 1.7 4] 1.6 0
20:3n-3 0.4 0.1 04 0.1 0.4 0.1 04 0.1 0.4 0.1
20:4n-3 - (k6 0.1 06 0.1 0.6 0.1 0.6 0.1 0.6 0.1
22:0 Nd 03 Nd 0.3 Nd 03 - Nd 03 Nd 03
20:5n-3 84 02 9.36 26 1133 463 1466 653 1373 393
21:5n-3 -0.2 Nd 0.2 Nd 02 Nd : 02 Nd 02 Nd
22:6n-3 Nd 02 10.83 143 2256 213 2526 2933 816 1.4
Total (n-3) HUFA 9.7 09 215 164 415 R»s 496 36.7 36 16.2
Total FAME 1638 642 1843 BO6 2073 971 2134 1009 1953 804

tp: freshly-hatched, teh, tizh and Gah: enriched and 24 h. fasted ('58°C). Data represented means {n=3), except for
the Qanun strain (n—=2).
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The Qarun Cysts were collected does not contains the microalgal species with
very high DHA and EPA level. Fast and stable existence of high salinity (which is
presented in tropical saltworks such Qarun salt work), microalgai species such as
diatoms (Haptophyceae and Prymnesloghytcs) and most Cryptophytes, that contain
significant amounts of EPA and DHA, do not "exist in the medium. The presence of
these diatoms can improve the nutritional value of Arfemia (Triantaphyliidis et of,
1996). The standing phytoplankton density of n Lake in 1995 was 1771x108
cells. I''. Diatoms (Nizschia closterium, Cyclotella spp. and Melosira spp.) proved
to be the dominant fgrq::u‘s:.t in the lake water (45 g/I) &Fl‘-Shabrawy, 2001) however,
nqoalgata has been found related to the phytoplanktion status in the saltworks in

n.
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Fig. (2): Change of EPA (eicosapentaenoic, 20:5n-3) level (mg/g" dry weight) of A.
Jfranciscana and Artemia parthenogenetica (Qarun) during enrichment
with DHA (docosahexaenoic acid, 22:6n-3).
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The low DHA and EPA in Qarun strain during the first enrichment period might be
due to a slower development of the nauplii, possibly related to sub-optimal culture
conditions (e.g. temperature, salinity). During the enrichment, increasing the content of
EPA in both strains, which suggests the bioconversion of DHA to EPA (Han er al, 1998)
and increase the total w3 (HUFA).

Further enrichment study is required to examine the metabolic fate of other HUFA
such EPA and ARA (arachidonic acid, 20:4n-6) in highly purified lipid emulsions with
Qarun Artemia nauplii.
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