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Artemia is a small branchiopod crustacean Anostraca of aquaculture. Its interest remains among the most essential foods used in
larviculture of fish and crustaceans. The determination of the fatty acid composition of brine shrimp cysts of certain Algerian
populations from different origins allows us to assess the nutritional quality of these populations for their aquaculture exploitation.
Sampling was carried out in two large areas, to the east: Chott Merouane (city of el Oued), Sebkhet Ez-Zemoule (city of Oum El
Bouaghi), Lake El Bahira (city of Sétif), and the west: sebkhet Timimoune (city of Timimoun), Saline of Betioua (city of Oran) and
Sidi Bouziane (city of Relizane). The overall percentage of total lipids contained in samples of brine shrimp cysts varied between
11.02% and 30.25% of dry weight. Maximum values were found in samples from Timimoun. Analysis of fatty acids by gas
chromatography revealed the presence of twenty-one fatty acids. The contents of monounsaturated fatty acids were significantly
(p<0.05) higher in the different strains studied compared to the contents of saturated fatty acids (82.80% vs. 21.963%),
respectively. The high value of a-linolenic acid (ALA, 18:3n-3) was observed in the Chott Merouane strain with (55.04% =+ 5.83%)
Keywords: Artemia, fatty acids, saltwork, cysts, nauplii.

Introduction

Nowadays, aquaculture's development requires an increased demand for live foods. As a result, the Artemianauplius remains the
organism most used as live food for fish and crustacean larvae (Ben naceur et al., 2017; Sebesta et al., 2018).

Artemia is a crustacean that lives in halophilic ecosystems. It produces either nauplii or dormant eggs called cysts when
environmental conditions are inadequate and can remain in this form for a long time (Gajardo and Beardmore 2012).

It's simple to raise brine shrimp. They are conserved throughout their life cycle. The latter allows them to be used in a variety of
ways. Hence, after hatching, it also explains why the cyst generates the nauplius as an optimal prey in larval rearing.

In terms of nutritional value, it turns out that Artemia naturally has a high content of neutral lipids and a low content of long-chain
polyunsaturated fatty acids (LC-PUFAs) such as 20:5n-3 (EPA), and especially 22:6n-3 (DHA). They are considered essential fatty
acids for the normal development of marine fish (Sargent et al, 1999). These fatty acids have a positive impact on fish growth
(Magalhaes et al., 2020). In this regard, recourse to the enrichment of Artemia with fatty acids was used to adapt its lipid
composition to the nutritional needs of marine larvae (Reis et al., 2017). This gave a positive effect on the growth of fish, their
development and decreased the mortality rate (Kolman et al., 2018). Fatty acids play a crucial role in energy storage.
Polyunsaturated (PUFA) and highly unsaturated (HUFA) fatty acids act more on the structure of the biological membrane (Gongalves
et al., 2017).
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The biochemical composition of Artemia varies from strain to strain due to abiotic and genetic factors, as well as the food ingested
(Léger et al., 1986; Navarro et al., 1992; Torrentera and Dodson 2004; Ruiz et al., 2008). The essential fatty acid (EFA) profile and
the n-3 and n-6 series are of great importance to assess the dietary value of Artemia before its use (Sorgeloos et al., 2001). Indeed,
docosahexaenoic acid (DHA, 22:6n-3), eicosapentaenoic acid (EPA, 20:5n-3), arachidonic acid (ARA, 20:4n-6), a-linolenic acid (ALA,
18: 3n-3), and linoleic acid (LOA, 18:2n-6) are essential for most species in aquaculture. They are indispensable with varying
proportions depending on the species' needs in culture (Glencross 2009). Generally, the aquatic animals' fatty acid composition (AG)
reflects their diet. The study of fatty acids is not dealt with in extreme environments, specifically in hyper-saline biotopes. So, the
knowledge of the biochemical composition of Artemia in different saltworks of Algeria is an aspect that allows studying the
nutritional value of this branchiopod. The objective of this work is to study the biochemical characteristics. It identifies the

nutritional quality of fatty acid intake in the branchiopod Artemia. These data may lead to a possible aquaculture operation.

Materials and Methods

Sampling

Study zone

We collected the cyst samples used in this study from six hyper-saline lakes in Algeria:

e Saline of Sidi Bouziane (35° 51’ 07” N-0° 39’ 02” E), city of Relizane and saline of Bethioua (35° 41’ 21” N-0° 18’ 15”), city of
Oran, located in the northwest of Algeria.

e Lake El Bahira (35° 50’ 07” N-5° 15’ 04” E), and Sebkhet Ez-Zemoul (35° 52’ 57” N-6° 32’ 54” E) located in the high plateau
of northeastern Algeria in a semi-arid region.

e Chott Marouane (34° 02’ 45” N- 6° 02’ 06” E), city of El Oued and sebkhet Timimoune (29° 10’ N, 0° 04’ E), city of Adrar
located in the Sahara in an arid climate.

Treatment of cysts

Cysts were harvested from the shores of saline lakes and transported in brines. Immediately, they were cleaned with fresh water,
separated from impurities between sieves of 125 and 400 um meshes under a vacuum. Then they were dried in thin layers in an
oven at 30°C for 48 h until constant weight. The samples were stored in sterile 50 ml vials under vacuum and preserved (Sorgeloos
et al., 1986).

Dosage of lipids and determination of fatty acid profile

Before lipid extraction, the cysts were hydrated in distilled water under aeration until the cysts were spherical. Then they were
decapsulated according to the protocol of Sorgeloos et al., (1986). Afterward, the cysts were dried in an oven at 38°C until they had
a constant weight. Fatty acids were extracted with chloroform/methanol (2:1 v/v) according to Folch et al., (1957).

Fatty acid methyl esters (FAME) were prepared from six samples. Fatty acid assays were analyzed on an HP (Hewlett Packard)
Agilent 6890N gas chromatograph (GC), equipped with a flame ionization detector (FID), and with an HP-5MS capillary column (30
m 0.25 mm id and 0.25 ym). The temperature of the injector and detector were 250°C. The oven was programmed at 70°C initial
temperatures and 5 minutes of initial time. Subsequently, the temperature was increased to 130°C at 10°C/min, then increased to
200°C at 3°C/min for 2 min and held at 220°C for 4 min and increased to 280°C at 10°C/min for 7min. The total cycle time was 60
min. The carrier gas used was helium purity min). CGL analysis of FAME was performed in three replicates. Fatty acid identification
was performed by comparing the relative retention time of the FAME peaks of our samples with those obtained by Alltech (Carolean
Industrial Drive, State College, PA). Results were expressed as the relative percentage of DIZ response area, then as milligrams per
gram of dry weight.

Statistical analysis

The data collected in this randomized design were subjected to an analysis of variance (SAS Institute, 2008). The treatment means
were separated using Duncan's multiple range tests. Freedom contrasts' single degree was used to test the overall effects of the

effect of the area on fatty acid composition. The level at which differences were considered significant was p<0.05.
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Results

The percentage of total lipids and the fatty acid composition of the decapsulated cysts of the six strains are shown in Table 1.

Table 1. Fatty acid composition (% of total fatty acids) of decapsulated Artemia cysts collected from different areas in Algeria

(means £ SD).

% total lipids
Fatty acids
C10:0
C11:0
C13:0
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C16:1 n3
C16:1 n9
C16:1 n7
C16:1 n5
C18:1 n9
C18:1 n11
C18:1 n10
C18:1 n8
C18:1 n6
C18:3 n3
C20:4 n6
C22.6 n3
C20:5
Total SFA
Total MUFA
Total PUFA
UFA/SFA

Total PUFA n-3

Total PUFA n-6
Total PUFA n-9
n3/n6

ratiol6:0/16:1

El Bahira

11.136 + 0.193¢

1.79 £ 0.03°
ND

0.443 + 0.088°
ND

ND

12.423 + 0.159¢
ND

3.460 % 0.229°
3.847 + 1.537°
7.854 £ 0.147¢
7.84 £ 0.03?
3.24 £ 0.02¢
4.34 + 0.04°
47.364 + 0.434°
ND

ND

ND

0.2 + 0.3762
34.43 + 1.931°
3.67 + 0.815°
ND

ND

21.963 * 2.146d
70.838 + 1.0472
38.1 £ 2.012 d
4.96 + 0.052

42.32 + 1.245d

3.870 + 0.488d
55.204 + 1.522a
10.93 + 1.254p
1.58

Timimoune

23.433 £ 0.2000

0.11 £ 0.02°
ND

0.593 + 0.389°
ND

1.463 + 0.087°
20.844 + 0.487°
ND

3.589 + 0.158°
0.333 + 0.366°
2,38 + 0,266°
ND
38.02+£0.72°
ND

38.032 + 2.106°
0.800 + 0.089°
1.967 + 0.335°
0.287 + 0.181°
1.323 £ 0.7292
22.73 + 1.207°
2.033 + 0.677*
ND

ND

26.822 + 1.59 ¢
82.8 + 3.706 ¢
28.433 + 1.275b
4.14 + 0.652¢

32.45 + 1.354 d

3.356 £ 0.658 b
38.032 + 1.112¢
9.68 + 0.250a
8.75

Chott
Merouane

30.063 £ 0.6502

Sidi Bouziane

11.493 £ 0.314¢

%o of total fattyacids

0.123 + 0.05°
ND

ND

2.14 + 0.04°
ND

20.241 + 1.06°
3.901 + 0.349°
3.901 + 0.430°
ND

2,185 + 0,302°
ND

ND

ND

9.784 + 1.927°
ND

ND

ND

2.143 + 1.8752
55.04 + 5.835°
4,867 + 0.89%
ND

ND

30.182 + 2.348 b
14.112 + 1.875¢
59.907 + 6.7252
2.433 + 0.15¢

57.12 £ 3.215a

7.010 £ 1.279 a
9.784 + 0.956¢
8.04 + 0.678a
9.28

0.15 + 0.01°
1.78 + 0.02°
0.533 + 0.112°
ND

ND

21.21 + 2.091°
1.267 + 0.409°
0 + 0.159°
4,599 + 0.73°
19,954 + 1,391°
ND

ND

ND

22.716 + 7.334°
ND

1.333 £ 0.692°
ND

0.4 + 0.498a
16.670 + 2.429°
11.33 + 3.811°
5,64 + 0,01°
0,05 + 0,020
27.609 + 3.521c
44,403 + 9.915b
36.66 + 6.241 b
2.93+0.221 ¢

42.264 + 2.567b

11.73 £ 0.752 ¢
22.716 + 3.254¢
3.6 £ 1.041¢
1.06

Betioua

13.42 £ 0.370¢

0.100 + 0.02°
ND

0.450 + 0.041°
ND

ND

29.379 + 0.508°
ND

4.464 + 0.044°
4.433 + 1.372°
19,364 + 0,467°
ND

16.9 £ 0.64b
ND

21.538 + 1.396°
ND

13.567 + 3.491°
1.867 £ 0.527°
1.1 £ 0.882a
32.26 + 1.273°
5.633 + 0.829%
ND

0,09 £ 0,012
38.726 + 2.0682
74.33 * 6.763b
24.246 + 1.356¢
2.54 + 0.181c

55.91 + 1.956¢

6.733 + 1.023b
21.538 + 1.562d
8.3 £ 1.321c¢
1.51

Ez-Zemoule

11.516 £ 0.319¢c

0.090 + 0.01°
ND

0.517 + 0.066°
ND

ND

22.588 + 2.383°
0.484 + 0.136°
6.732 + 0.852°
ND

10,6 £ 0,761°
ND

ND

ND

48.204 + 2.756°
0.827 + 0.1217
13.333 + 1.605°
0.48 + 0.225°
0.8 + 0.671a
25.18 + 1.234°
7.067 + 1.531°
ND

ND

30.321 + 3.802b
74.244 + 6.139a
25.587 + 1.387¢
3.292 + 0.251b

35,78 + 1,321¢

7.867 £+ 1.541c
48.204 + 2.031b
4.54 £+ 1.020¢
2.13

For all populations, the results showed the existence of 21 fatty acids. The most dominant were: linolenic acid (C18:3n3), palmitic
acid (C16:0), palmitoleic acid (C16:1n3), oleic acid (C18:1n9) and arachidic acid (C20:4n6).
The total lipid contents varied significantly (p<0.05) between the cysts taken from Lake El Bahira and those from Chott Merouane
(11.13% vs. 30.06%), respectively.
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The values of palmitic acid (C16:0) were higher in the population of the saline of Betioua (29.37%) compared to those of the
populations of Lake El Bahira of the order of (12.423%).

The proportions of monounsaturated fatty acid (MUFA) varied between 14.11% and 74.24%, respectively, for the populations of
Chott Merouane and Sebkhet Ez-Zemoul.

Polyunsaturated fatty acids (PUFAs) had high concentrations in the populations of Chott Merouane (59.90%).

Saturated fatty acid (SFA) levels showed almost identical levels for all populations.

Arachidonic fatty acid (C20:4n6) was high in the populations of Sidi Bouziane (11.33%). The lowest content was recorded in the
population of Sebkhat Timimoune (2.03%). The highest rate of linolenic acid (C18:3n3) was found in the populations of Chott
Merouane (55.04%). For palmitoleic acid (16:1n3), the values of Betioua and Sidi Bouziane were very close (19.36% and 19.95%)
and remained high compared to the other populations.

In the n3 and n6 series, palmitoleic acid (C16:1n3) was higher in the populations of Sidi Bouziane (19.95%), oleic acid (C18:1n6)
was dominant in the population of Chott Merouane (2.14%). Linolenic acid (C18:3 n3) was present in all populations with
significantly different values (p<0.05) ranging from 55.04% in Chott Merouane against 16.67% in Sidi Bouziane. On the other hand,
oleic acid C18:1(n-6) was available with low values of 0.2% for the populations of Lake El Bahira and 2.14% of the population of
Chott Merouane, docosahexaenoic acid (C22:6 n3) was recorded only in the population of Sidi Bouziane (5.64%). Eicosapentaenoic
acid (C20:5) was present in low proportions (0.05% and 0.09%) in the two populations of Sidi Bouziane and Betioua, respectively.
The n3/n6 ratio was between 10.93% and 3.60% in the population of El Bahira's Lake and Sidi Bouziane, respectively.

The difference ratio in monounsaturated fatty acids between Sebkhet Ez-Zemoul and Chott Merouane was estimated at 80.99%,
concerning polyunsaturated fatty acids, the difference ratio between El Bahira's lake and Chott Merouane was estimated at
65.278%. The statistical study (p<0.05) revealed that the brine shrimp cysts collected in the Chott Merouane area presented
significantly high levels of N-3 compared to those recorded in the Sebkhet Timimoune area (57.12% vs. 32.45%), respectively.

The ratio of C16:0/C16:1 was greater than 1 in all populations.

Discussion

The results obtained on the total lipid levels contained in the decapsulated cysts of Algerian Artemia populations were close to those
reported in work on known populations, such as; the case of the species from the Grand Lac Salé and that of the Bay of San
Francisco. The values obtained were 14.7% and 15.7%, respectively (Dendrinos and Thorpe 1987; Garcia-Ortega 1998).

The most abundant fatty acids in decapsulated Artemia cysts were palmitic (C16:0), stearic (C18:0), palmitoleic (C16:1n-7), cis-
vaccenic (C18:1n-7), oleic (C18:1n-9), linoleic (C18:2n-6), linolenic (C18:3n-3), and eicosa-pentaenoic (C20:5n-3) (Abatzopoulos et
al., 2006; Naceur et al., 2013; Navarro et al., 1992; Ruiz et al., 2007). The results of our work confirm the presence of these acids
in the Algerian populations.

The dosage of fatty acids in Artemia reveals annual variability between species (Leger et al., 1986, Navarro et al., 1992). This
difference is probably due to the nature of the primary fauna and flora of the medium ingested by cyst-producing females.

It turned out that the percentage of unsaturated fatty acids, particularly, palmitic acid (C16:0) was present in the six Algerian
populations in remarkable quantities. This may be due to a diet based on Chlorophyceae (Farhadian et al., 2013) since myristic acid
(C14:0) and palmitic acid (C16:0) are the major and specific fatty acids of green algae (Brett et al., 2006).

Polyunsaturated fatty acids C22:6, C20:4, and C20:5 are considered essential fatty acids for the diet of crustacean and fish larvae
(Sargent et al., 1997; Izquierdo et al., 2000). Their absence or deficiency in the diet would lead to their mortality (Glencross 2009).
It would seem that all the Algerian populations analyzed have these elements.

Arachidonic acid is present in different concentration levels. This fatty acid plays an important role in improving larval growth and
pigmentation in several species of marine fish. It provides precursors for the production of eicosanoids (Castell et al., 1994; Estevez
et al., 1997; Sargent et al., 1995).

EPA and DHA are considered to have a positive impact on fish growth (Magalhaes et a/, 2020). According to (Gwangseok R. Yoon
et al., 2022), EPA and DHA are important in the early life of fish. They act on growth and survival, which could be used as a factor

to improve the survival rate in aquaculture. At the same time, amounts of EPA are greater than 4-5% in Artemia, which promotes
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the survival and growth of marine species (Amarouayache et al., 2017). The quantities of EPA observed are found in the populations
of the Betioua salt works (0.09%) and those of the Sidi Bouziane salt works (0.05%).

In general, Artemia contains low levels of EPA and DHA, so when used as food, it is enriched with lipids rich in essential fatty acids
to meet the dietary requirements of fish larvae (Hawkyard et al., 2016). This enrichment is therefore essential to produce live foods
with an effective nutritional profile (Feh'er et al., 2013).

According to the classification of Watanabe et al., (1978a), there are two categories of Artemia cysts: the freshwater type and the
seawater type related to the fatty acid composition. The first category is characterized by a high concentration of linolenic acid
(LNA) and a low concentration of eicosa-pentaenocic acid (EPA). On the other hand, the second category presents a higher
concentration of EPA.

The data obtained for the Algerian populations show a high rate of LNA (C18:3), which is likely of the freshwater type. Navarro et
al., (1993) explain that the C16:0/C16:1 ratio is a good index to characterize the samples in terms of marine or freshwater type.
Given the high values of the C16:0/C16:1 ratio, all populations seem to belong to freshwater.

Conclusion

Biochemical analysis showed a dominance of saturated fatty acids. It turned out that brine shrimp accumulate certain fatty acids
such as palmitic acid (C16:0) and linolenic acid (C18:3n3), which constitute a reserve of energy capable of ensuring their survival in
the time of nutrient deficiency in the environment. Mono unsaturated and polyunsaturated fatty acids are present in large
quantities. This could be an indicator of use as aquaculture feed. In addition, the determination of the fatty acid profile of Artemia
cysts from Algeria reveals variability between the different populations. Ultimately, taking into account the fatty acid composition of
the decapsulated cysts, the Algerian artemia is qualitatively good and would be an adequate source of food for fish larvae.

Acknowledgements

The authors wish to express their sincere appreciation to DGRSDT-Algeria, Laboratoire Protection, Valorisation des Ressources
Marines et Littorales et Systématique Moléculaire and laboratoire de physiologie animale appliquée for their help and support during
the study.

Funding
Financial support was provided by BENMEHAL Amina (study design, the collection, analysis and interpretation data).

References

Abatzopoulos, T.J., Baxevanis, A.D., Triantaphyllidis, G.V., Criel, G., Pador, E.L., Van Stappen, G., Sorgeloos, P. (2006). Quality
evaluation of Artemia urmiana Glinther (Urmia Lake, Iran) with special emphasis on its particular cyst characteristics (International
Study on Artemia LXIX). Aquaculture, 254:442-454.

Amarouayache, M., Kara, M.H. (2015). Quality evaluation of a new strain of Artemia from Sebkha Ez-Zemoul, Algeria: biometry,
hatching and fatty acid composition. Vie et Milieu, 65:211-217.

Amarouayache, M., Cakmak, Y.S., Asan-Ozusaglam, M., Amorouayeche, A. (2017). Fatty acid composition of five Algerian bisexual
and parthenogenetic strains of Artemia (Anostraca, Crustacea) and their antimicrobial activity. Aquaculture International, 25:1555-
1568.

Romdhane, M. (2008). Valorisation de I'Artemia (Crustacea; Branchiopoda) de la saline de Sahline (Sahel Tunisien). Bulletin Social
and Zoological France, 133:185-192.

Ben Naceur, H., Ben Rejeb Jenhani, A., Romdhane, M.S. (2011). Taxonomical study of the brine shrimp Artemia populations
(Crustacea: Branchiopoda) from Tunisia based on morphological characterization. Mar Life, 17:55-65.

Naceur, H.B., Ghazali, N., Jenhani, A.B.R., & Romdhane, M.S. (2013). Study of the fatty acid composition of Artemia salina cysts
from Tunisia. Journal of the Marine Biological Association of the United Kingdom, 93:1795-1803.

Ukrainian Journal of Ecology, 12(6), 2022


https://www.sciencedirect.com/science/article/pii/S0044848605006691
https://www.sciencedirect.com/science/article/pii/S0044848605006691
https://www.sciencedirect.com/science/article/pii/S0044848605006691
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/4304888
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/4304888
https://link.springer.com/article/10.1007/s10499-017-0136-z
https://link.springer.com/article/10.1007/s10499-017-0136-z
https://www.academia.edu/download/51598006/1_Bulletin_de_la_Societe_Zoologique_de_France.pdf
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/study-of-the-fatty-acid-composition-of-artemia-salina-cysts-from-tunisia/E337DD88D001582EA8A6B767EC23852F
https://www.cambridge.org/core/journals/journal-of-the-marine-biological-association-of-the-united-kingdom/article/study-of-the-fatty-acid-composition-of-artemia-salina-cysts-from-tunisia/E337DD88D001582EA8A6B767EC23852F

Comparative study of Artenia fatty acid composition collected from different Algerian saline sites

Brett, M.T., Miiller-Navarra, D.C., Ballantyne, A.P., Ravet, J.L., Goldman, C.R. (2006). Daphnia fatty acid composition reflects that of
their diet. Limnology and Oceanography, 51:2428-2437.

Castell, 1.D., Bell, J.G., Tocher, D.R., Sargent, J.R. (1994). Effects of purified diets containing different combinations of arachidonic
and docosahexaenoic acid on survival, growth and fatty acid composition of juvenile turbot (Scophthalmus maximus). Aquaculture,
128:315-333.

Chen, S.H., Chuang, Y.J. (2002). Analysis of fatty acids by column liquid chromatography. Analytica Chimica Acta, 465:145-155.
Copeman, L.A., Parrish, C.C., Brown, J.A., Harel, M. (2002). Effects of docosahexaenoic, eicosapentaenoic, and arachidonic acids on
the early growth, survival, lipid composition and pigmentation of yellowtail flounder (Limanda ferruginea): a live food enrichment
experiment. Aquaculture, 210:285-304.

Dendrinos, P., Thorpe, J.P. (1987). Experiments on the artificial regulation of the amino acid and fatty acid contents of food
organisms to meet the assessed nutritional requirements of larval, post-larval and juvenile Dover sole [Solea solea (L.)].
Aquaculture, 61:121-154.

Estevez, A., Ishikawa, M., Kanazawa, A. (1997). Effects of arachidonic acid on pigmentation and fatty acid composition of Japanese
flounder, Paralichthys olivaceus (Temminck and Schlegel). Aquaculture Research, 28:279-289.

Farhadian, O., Kolivand, S., Mahmoudi Khoshdarehgy, M., Ebrahimi Dorch, E., Mahboobii Soofiani, N. (2013). Nutritional value of
freshwater mesozooplankton assemblages from Hanna Dam Lake, Iran, during a one-year study.

Feh “er, M., Baranyai, E., Simon, E., Barsony, P., Szucs, 1., Posta, J., Stiindl, L. (2013). The interactive effect of cobalt enrichment in
Artemia on the survival and larval growth of barramundi, Late scalcarifer. Aquaculture, 414:92-99.

Folch, 1., Lees, M., Sloane Stanley, G.H. (1957). A simple method for the isolation and purification of total lipids from animal tissues.
Journal of Biological Chemistry, 226:497-509.

Gajardo, G.M., Beardmore, J.A. (2012). The brine shrimp Artemia: adapted to critical life conditions. Frontiers in Physiology, 3:185.
Garcia-Ortega, A., Verreth, J.A.J., Coutteau, P., Segner, H., Huisman, E.A., Sorgeloos, P. (1998). Biochemical and enzymatic
characterization of decapsulated cysts and nauplii of the brine shrimp Artemia at different developmental stages. Aquaculture,
161:501-514.

Glencross, B.D. (2009). Exploring the nutritional demand for essential fatty acids by aquaculture species. Reviews in Aquaculture,
1:71-124.

Gongalves, A.M., Marques, J.C., Gongalves, F. (2017). Fatty acids’ profiles of aquatic organisms: Revealing the impacts of
environmental and anthropogenic stressors. Fatty Acids, pp:89-118.

Yoon, G.R., Amjad, H., Weinrauch, A.M., Laluk, A., Suh, M., Anderson, W.G. (2022). Long-term effects of EPA and DHA enriched
diets on digestive enzyme activity, aerobic scope, growth and survival in age-0 Lake Sturgeon (Acipenser fulvescens). Aquaculture,
552:737972.

Naceur, H.B., Romdhan, M.S., Stappen, G.V. (2020). Potential Use of fatty acid profile for Artemia spp. discrimination. Inland Water
Biology, 13:434-444.

Hawkyard, M., Stuart, K., Langdon, C., Drawbridge, M. (2016). The enrichment of rotifers (B rachionus plicatilis) and A rtemia
franciscana with taurine liposomes and their subsequent effects on the larval development of C alifornia yellowtail (S eriola lalandi).
Aquaculture Nutrition, 22:911-922.

Izquierdo, M.S., Socorro, J., Arantzamendi, L., Hernandez-Cruz, C.M. (2000). Recent advances in lipid nutrition in fish larvae. Fish
Physiology and Biochemistry, 22:97-107.

Jalali, M.A., Hosseini, S.A., Imanpour, M.R. (2008). Effet de la vitamine E et de |'Artemiaurmiana enrichi en acides gras hautement
insaturés sur les performances de croissance, la survie et la résistance au stress des larves de béluga (Husohuso).Aquaculture
Résearch, 39:1286-1291.

Lavens, P., Léger, P., Sorgeloos, P. (1989). Manipulation of the fatty acid profile in Artemia offspring produced in intensive culture
systems. Aquaculture-a Biotechnology in Progress, pp:731-739.

Léger, P., Bengtson, D.A., Simpson, K.L., Sorgeloos, P. (1986). The use and nutritional value of Artemia as a food source.

Oceanography and Marine Biology: An Annual Review, 24:521-623.

Ukrainian Journal of Ecology, 12(6), 2022


https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2006.51.5.2428
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2006.51.5.2428
https://www.sciencedirect.com/science/article/pii/0044848694903204
https://www.sciencedirect.com/science/article/pii/0044848694903204
https://www.sciencedirect.com/science/article/pii/S0003267002000958
https://www.sciencedirect.com/science/article/pii/S0044848601008493
https://www.sciencedirect.com/science/article/pii/S0044848601008493
https://www.sciencedirect.com/science/article/pii/S0044848601008493
https://www.sciencedirect.com/science/article/pii/0044848687903644
https://www.sciencedirect.com/science/article/pii/0044848687903644
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.1997.tb01044.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2109.1997.tb01044.x
https://aquadocs.org/handle/1834/11610
https://aquadocs.org/handle/1834/11610
https://www.researchgate.net/file.PostFileLoader.html?id=58369b4acbd5c2652b6339d6&assetKey=AS%3A431855175507974%401479973705963
https://www.frontiersin.org/articles/10.3389/fphys.2012.00185/full
https://www.sciencedirect.com/science/article/pii/S0044848697002974
https://www.sciencedirect.com/science/article/pii/S0044848697002974
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1753-5131.2009.01006.x
https://books.google.com/books?hl=en&lr=&id=KW2PDwAAQBAJ&oi=fnd&pg=PA89&dq=19.%09Gon%C3%A7alves,+A.+M.+M.,+et+al.,+(2017).+Fatty+Acids%E2%80%99+Profiles+of+Aquatic+Organisms:+Revealing+the+Impacts+of+Environmental+and+Anthropogenic+Stressors.+FattyAcids.&ots=v8irZyimL2&sig=-vpY0PU5r-P2no1nInHb6MM2qW0
https://books.google.com/books?hl=en&lr=&id=KW2PDwAAQBAJ&oi=fnd&pg=PA89&dq=19.%09Gon%C3%A7alves,+A.+M.+M.,+et+al.,+(2017).+Fatty+Acids%E2%80%99+Profiles+of+Aquatic+Organisms:+Revealing+the+Impacts+of+Environmental+and+Anthropogenic+Stressors.+FattyAcids.&ots=v8irZyimL2&sig=-vpY0PU5r-P2no1nInHb6MM2qW0
https://www.sciencedirect.com/science/article/pii/S0044848622000862
https://www.sciencedirect.com/science/article/pii/S0044848622000862
https://link.springer.com/article/10.1134/S199508292003013X
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.12317
https://onlinelibrary.wiley.com/doi/abs/10.1111/anu.12317
https://link.springer.com/article/10.1023/A:1007810506259
https://www.vliz.be/imisdocs/publications/ocrd/15021.pdf
https://www.vliz.be/imisdocs/publications/ocrd/15021.pdf
https://www.vliz.be/imisdocs/publications/129248.pdf

Comparative study of Artenia fatty acid composition collected from different Algerian saline sites

Magalhaes, R., Guerreiro, 1., Coutinho, F., Moutinho, S., Sousa, S., Delerue-Matos, C., Domingues, V.F., Olsen, R.E., Peres, H.,
Oliva-Teles, A. (2020). Effet de I'ARA diététique/Ratios EPA/DHA sur les performances de croissance et le métabolisme intermédiaire
de la daurade (Sparusaurata) juvéniles. Aquaculture, 516:734644.

Navarro, J.C., Amat, F., Sargent, J.R. (1992). Lipid composition of cysts of the brine shrimp Artemia sp. from Spanish populations.
Journal of Experimental Marine Biology and Ecology, 155:123-131.

Navarro, J.C., Amat, F. (1992). Effect of algal diets on the fatty acid composition of brine shrimp, Artemia sp., cysts. Aquaculture,
101:223-227.

Navarro, J.C., Amat, F., Sargent, J.R. (1993). The lipids of the cysts of freshwater-and marine-type Artemia. Aquaculture, 109:327-
336.

Torrentera, L., Dodson, S.I. (2004). Ecology of the brine shrimp Artemia in the Yucatan, Mexico, Salterns. Journal of Plankton
Research, 26:617-624.

Kolman, R., Khudyi, O., Kushniryk, O., Khuda, L., Prusinska, M., Wiszniewski, G. (2018). Influence de la température et de I'Artémia
enrichi en AGPI w-3 sur l'ontogenése précoce de I'esturgeon noir, Acipenseroxyrinchus Mitchill, 1815. Aquaculture Résearch,
49:1740-1751.

Sebesta, R., Kucharczyk, D., Nowosad, J., Sikora, M., Stejskal, V. (2018). Effect of temperature on growth and survival of maraena
whitefish Coregonus maraena (Bloch 1779) larvae in controlled conditions. Aquaculture Research, 49:3151-3157.

Reis, D.B., Acosta, N.G., Aimansa, E., Navarro, J.C., Tocher, D.R., Andrade, ]J.P., Rodriguez, C. (2017). Comparative study on fatty
acid metabolism of early stages of two crustacean species: Artemia sp. metanauplii and Grapsus adscensionis zoeae, as live prey for
marine animals. Comparative Biochemistry and Physiology Part B: Biochemistry and Molecular Biology, 204:53-60.

Roo, J., Hernandez-Cruz, C.M., Mesa-Rodriguez, A., Fernandez-Palacios, H., Izquierdo, M.S. (2019). Effect of increasing n-3 HUFA
content in enriched Artemia on growth, survival and skeleton anomalies occurrence of greater amberjack Seriola dumerili larvae.
Aquaculture, 500:651-659.

Ruiz, O., Amat, F., Navarro, J.C. (2008). A comparative study of the fatty acid profile of Artemia franciscana and A. persimilis
cultured at mesocosm scale. Journal of Experimental Marine Biology and Ecology, 354:9-16.

Ruiz, 0., Medina, G.R., Cohen, R.G., Amat, F., Navarro, J.C. (2007). Diversity of the fatty acid composition of Artemia spp. cysts
from Argentinean populations. Marine Ecology Progress Series, 335:155-165.

Sargent, J.R., Bell, J.G., Bell, M.V., Henderson, R.]., Tocher, D.R. (1995). Requirement criteria for essential fatty acids in marine fish
larval feeds. Aquaculture, 155:117-127.

Sargent, J.R., McEvoy, L.A., Bell, J.G. (1997). Requirements, presentation and sources of polyunsaturated fatty acids in marine fish
larval feeds. Aquaculture, 155:117-127.

Sorgeloos, P., Dhert, P., Candreva, P. (2001). Use of the brine shrimp, Artemia spp., in marine fish larviculture. Aquaculture,
200:147-159.

Sorgeloos, P., Lavens, P., Leger Ph, T.W., Versichele, D. (1986). Manual for the culture and use of brine shrimp artemia in
aquaculture. Artemia Reference Center.

Watanabe, T. (1978). Nutritional quality of brine shrimp, Artemia salina, as a living feed from the viewpoint of essential fatty acids
for fish. Bulletin Japan Social and Science Fish, 44:1115.

Watanabe, T. (1987). Requerimientos de acidos grasos y nutricién lipidica en los peces. Nutricion en Acuicultura II. Plan de
Formacion de Técnicos Superiores en Acuicultura. CAICYT. Madrid, pp:99-165.

Citation:
Benmehal, A., Ghomari, S.M., Benabdelmoumene, D. (2022). Comparative study of Artemia fatty acid composition collected from
different Algerian saline sites. Ukrainian Journal of Ecology. 12: 32-38.

This work is licensed under a Creative Commons Attribution 40 License

Ukrainian Journal of Ecology, 12(6), 2022


https://www.sciencedirect.com/science/article/abs/pii/0022098192900315
https://www.sciencedirect.com/science/article/pii/004484869290026H
https://www.sciencedirect.com/science/article/pii/004484869390172U
https://academic.oup.com/plankt/article-abstract/26/6/617/1483512
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.13778
https://onlinelibrary.wiley.com/doi/abs/10.1111/are.13778
https://www.sciencedirect.com/science/article/pii/S1096495916301580
https://www.sciencedirect.com/science/article/pii/S1096495916301580
https://www.sciencedirect.com/science/article/pii/S1096495916301580
https://www.sciencedirect.com/science/article/pii/S0044848617325103
https://www.sciencedirect.com/science/article/pii/S0044848617325103
https://www.sciencedirect.com/science/article/pii/S002209810700500X
https://www.sciencedirect.com/science/article/pii/S002209810700500X
https://www.int-res.com/abstracts/meps/v335/p155-165/
https://www.int-res.com/abstracts/meps/v335/p155-165/
https://www.sciencedirect.com/science/article/pii/S0044848697001221
https://www.sciencedirect.com/science/article/pii/S0044848697001221
https://www.sciencedirect.com/science/article/pii/S0044848601006986
https://ci.nii.ac.jp/naid/10004773837/
https://ci.nii.ac.jp/naid/10004773837/

