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Abstract. The aim of the study was to determine the impact
the commercial supplement S.presso (INVE Aquaculture,
Belgium), a source of polyunsaturated fatty acids to enrich the
proximate composition of brine shrimp (Artemia sp.), had on
their growth and mortality. Four different enrichment
protocols were investigated: the supplement was given in one
or two doses at various time intervals. The results indicate that
while S.presso increased nauplius mortality slightly,
administering the appropriate dose reduced losses to a very
low level (from 12.5% with a single dose to 8.6% with the
recommended dose divided into to equal parts). Additionally,
it was confirmed that the supplement S.presso increased
brine shrimp growth slightly in comparison to that of the
control group, but the differences were statistically
insignificant. The results permit concluding that S.presso is
suitable for use as a source of polyunsaturated fatty acids for
brine shrimp enrichment with the intent of using them as fish
food.
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Introduction

Laval brine shrimp (Artemia sp.) is one of the most

frequently used first live foods in both industrial and

amateur fish larviculture. Feeding larval fish nauplii

instead of artificial feeds reduces fish mortality and

accelerates growth rates and development (Léger et

al. 1986). Artemia sp. is a relatively safe nutritional

resource for very young fish which derive from it not

only the nutritional components required for growth

and development but also a range of enzymes that

they are not yet able to synthesize effectively enough.

Another important aspect supporting the use of brine

shrimp is the ease with which this type of feed is pre-

pared in any given quantity and at any time as re-

quired by rearing (Bengtson et al. 1991).

Despite the many advantages of Artemia sp.
nauplii, there is one distinct disadvantage: it is not
a nutritionally complete food because of its near total
lack of polyunsaturated fatty acids (PUFA) ù-3 such
as docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) (Navarro i Sargent
1992). These acids are formed during the
desaturation and elongation of á-linolenic acid
(C18:3) (Sargent et. al. 1995); however, since fish are
not capable yet of independent synthesis (Henderson
1996, Tocher 2003), these must be delivered
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externally by the food. Simultaneously, polyunsatu-

rated fatty acids occupy one of the most important

positions among biologically-active substances. They

are not only the lipid building blocks of cell mem-

branes, but they also participate in a range of impor-

tant metabolic transformations that produce

eicosanoids, including prostaglandins, prostacyclin,

thromboxanes, and leukotrienes (Kim et al. 2002,

Hrytsyniak et al. 2009).

The polyunsaturated fatty acid profile of lipids is

significantly dependent on the type and quantity of

feed consumed, which is why enriching early feed

can permit balancing this profile. Feeding larval fish

brine shrimp nauplii enriched with PUFA has an ad-

vantageous impact on fish growth and development,

while simultaneously lowering mortality (Akbary et

al. 2011, Prusiñska et al. 2011, Chepurkina et. al.

2014), decreasing the number of skeletal anomalies

(Cahu et al. 2003, Villeneuve et al. 2005, Lall and

Lewis-McCrea 2007), positively impacting the devel-

opment of the digestive tract (Kamaszewski et al.

2014a) and its enzymatic activity (Kamaszewski et al.

2014b), and increasing resistance to stress (Adloo et

al. 2012). In addition to the advantages outlined

above, bioencapsulation, the name of the process of

enriching nauplii prior to feeding then to larval fish,

also has significant disadvantages. As a rule, fish are

fed nauplii immediately after hatching, but when us-

ing the bioencapsulation method time is required for

the enrichment process, and this usually takes from

several to 24 additional hours. During this period,

the nauplii will probably molt once or more and pass

into the next developmental stage of metanauplius

that is larger (Sorgeloos et al. 2001). This is disad-

vantageous, especially when the fish being fed have

exceptionally small snouts. The second problem that

can occur with enrichment is higher mortality among

brine shrimp that is caused by the supplement itself

(Harel et al. 2002). In an attempt to resolve these

problems, better methods are being sought continu-

ally by testing new supplements for enriching brine

shrimp with PUFA (Southgate and Lou 1995,

McEvoy et al. 1996, Tocher et al. 1997, Tinh et al.

1999); however, to date there are no publications

addressing the impact of S.presso on larval brine

shrimp.

Consequently, the aim of this study was to verify

if enriching brine shrimp larvae with the commercial

supplement S.presso increased growth rates and to

determine what impact S.presso had on nauplius

mortality.

Materials and Methods

Dry Artemia sp. cysts (INVE Aquaculture, Belgium)
were incubated according to manufacturer recom-
mendations as follows: the cysts were placed in 8 l
Weiss jars filled with brine solution (30 g l-1) that
were illuminated, oxygenated, and kept at a tempera-
ture of 28°C (± 1). After 24 h of incubation, the
nauplii were collected and then enriched with an in

vivo encapsulation method with the commercial sup-
plement S.presso (INVE, Belgium) (Table 1) at
a daily dose recommended by the manufacturer of
0.5 g l-1 in brine solution 20 g l-1.

Enrichment was also performed in 8 l Weiss jars

that were oxygenated and held at a temperature of

21°C. The nauplii were enriched using several proto-

cols for which four experimental groups were created

(each one in three replicates), as follows: group 1 –

the daily dose of supplement was administered once

at the beginning of bioencapsulation (h 0); group 2 –

the daily dose of supplement was administered in

two equal portions at the beginning of

bioencapsulation (h 0) and after 6 h of

bioencapsulation; group 3 – the daily dose of supple-

ment was administered in two equal portions at the

beginning of bioencapsulation (h 0) and after 12 h of

bioencapsulation; group 4 – the daily dose of supple-

ment was administered in two equal portions 6 and

12 h after the beginning of bioencapsulation. The

control group (K) comprised nauplii held under the

same conditions as the experimental groups, but

with out S.presso supplementation.

Nauplius mortality was assessed at 6, 12, and 24

h of the experiment with a Nikon SMZ-2T

stereomicroscope. From each jar in which
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enrichment was being performed, a 1 ml volume was

collected randomly and placed in a plankton cham-

ber, and the number of dead and live brine shrimp

were counted. These samples were taken in three

replicates. Mortality was expressed in the percentage

of dead individuals of the total number of individuals

in the examined volume of sample.

To determine the impact on nauplius growth

rate, the brine shrimp were held in six 8 l Weiss jars.

S.presso was administered to three of the jars at

a dose of 0.5 g l-1 in two equal portions at the begin-

ning of encapsulation (0 h) and after 6 h. The remain-

ing three jars were the control groups, and no

supplement was administered. Samples of a volume

of 1 ml were collected from each of the Weiss jars,

and these were preserved immediately in Lugol’s so-

lution. Samples were collected at the beginning of

bioencapsulation (0 h), after 6 h of bioencapsulation

(6 h), and after 12 h of the experiment (12 h). The
preserved samples were placed on Petri dishes and
then photographed with the Nikon SMZ-2T stereo
microscope coupled with a digital camera. The pho-
tographs were saved with an image analysis program
that permitted taking length measurements of the
nauplii. From each sample, 100 individuals were se-
lected randomly for measurement (in total 300 indi-
viduals from each experimental variant were
measured for a total of 1500 individuals).

The results were analyzed with single factor analy-
sis of variance (ANOVA) for mortality, while two factor
analysis of variance (ANOVA) was used to analyze
changes in nauplius length over the course of the ex-
periment; the level of significance was á � 0.05.

Results

The results of the experiments indicate that supple-
menting S.presso in two portions at an interval of 12
h caused mortality in all brine shrimp. The highest
mortality in the first 12 h of the experiment was the
protocol variant in which the whole supplement dose
was given at the beginning of bioencapsulation (12.5
± 0.74%) (Table 2).

Administering the supplement in two equal por-
tions resulted in slightly lower mortality during the
first 12 h of the experiment than did administering
the supplement in a single dose. Enrichment caused
nauplius mortality in all variants of the experiment in
comparison to the control group, but the differences
were minimal. In the best protocol, which is recom-
mended, the supplement was administered in two
portions (group 4), and the differences between the
experimental and control groups was barely 0.8%,
which was statistically insignificant.

The results of the nauplii length measurements
indicated that administering the supplement contain-
ing polyunsaturated fatty acids increases their growth
in comparison to that in the control group (Table 3).
The mean length of the brine shrimp from the control
group was 594.86 ±73.01 μm, while that of the exper-
imental group was 600.82 ± 58.67 μm.
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Table 1
S.presso composition according to the manufacturer (INVE
Aquaculture, Belgium)

Ingredients Content

Moisture (%) 58

Crude oils and fats (%) 33

Crude protein (%) 3

Crude ash (%) 1

Crude fiber (%) 0.5

Phosphorus (%) 0.2

Sodium (%) 0.2

Calcium (%) 0.1

��3 PUFA (mg g-1 dwt) 150

DHA/EPA 9

vitamin A (IU kg-1) 110.00

vitamin D3 (IU kg-1) 10.000

vitamin E (mg kg-1) 5.400

vitamin C (mg kg-1) 8.000

Zinc (mg kg-1) 125

Selenium (mg kg-1) 0.35

Ethoxyquin (mg kg-1) 200

BHA (mg kg-1) 50

Propyl gallate (mg kg-1) 50



Discussion

Performing brine shrimp enrichment according to

four different experimental protocols led to the con-

clusion that administering the supplement in one

dose at the beginning of bioencapsulation resulted in

the highest mortality percentage during the first 12 h

of the experiment. This phenomenon could have

been caused by the fats in the supplement undergo-

ing spontaneous transformation during enrichment

(McEvoy et al. 1995, Navarro et al. 1999, Monroig et

al. 2007). Polyunsaturated fatty acids oxidize using

the oxygen in the supplement. The fatty acid oxida-

tion products can also initiate processes linked to

free radicals in the organisms (Viciano et al. 2013),

which can effectively lead even to DNA damage

(Przybyszewski et al. 2005). It is also likely that the

supplement, which is comprised mainly of fats that

leave a fatty film on everything, blocked the breathing

apparatuses of the nauplii rendering it difficult for

them to take up oxygen. This phenomenon could also

retard gas exchange in the nauplii and cause mortal-

ity through a lack of oxygen. The mortality recorded

in this experiment was relatively low in comparison

to that obtained using different supplements. Harel

et al. (2002) report 18% mortality during enrichment

lasting 16 h in a brine with a concentration of 20 g l-1.

Immediately following hatching, instar 1 nauplii are

not yet able to take up the supplement fast enough to

lower its ambient concentration; however, with

growth and development they become increasingly

capable of doing this (Figueiredo et al. 2009). Conse-

quently, they filter the suspension more effectively so

supplement concentrations do not reach levels that

cause mortality. Additionally, administering the sup-

plement in two portions as recommended by the

manufacturer permits the nauplii to more effectively

remove the substance from the environment, which

decreases mortality. On the other hand, administer-

ing the supplement in one dose is less labor inten-

sive, which could be significant when rearing is done

on a semi- or fully industrial scale. The most advan-

tageous protocol, with respect to nauplius mortality,

appeared to be administering the supplement in two

portions at an interval of 6 h from the beginning of in-

cubation, even if this lengthens the time required for

the entire procedure. This also allows the nauplii to

grow larger, which can be undesirable when feeding

fish with small snouts (Léger et al. 1987, Sorgeloos et

al. 2001).

The results of this study indicate that while en-
richment with S.presso has a negative impact on the
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Table 2

Mortality (%) of Artemia sp. nauplii in different S. presso enrichment protocols

Experimental groups Enrichment protocols

Time

6 h 12 h 24 h

1 0 h 10.5 ± 0.71a 10.7 ± 1.86a 12.5 ± 0.74a

2 0 h + 6 h 8.0 ± 0.77b 9.6 ± 0.47c -
3 0 h + 12 h 8.0 ± 0.77b 10.2 ± 0.64b 100.0b

4 6 h + 12 h 5.0 ± 0.24b 8.1 ± 0.73c 8.6 ± 0.87a

Control without enrichment 5.0 ± 0.24b 7.6 ± 0.63c 7.8 ± 0.84a

Groups in the same column with different letter indexes differ significantly statistically (P � 0.05).

Table 3

Comparison of the length (µm) of enriched and control Artemia sp. nauplii during bioencapsulation (n=1500)

Experimental groups Enrichment protocol

Time

0 h 6 h 12 h

Enriched 0 h + 6 h 451.50 ± 51.81 572.81 ± 70.86 600.82 ± 58.67

Control without enrichment 451.50 ± 51.81 553.43 ± 82.23 594.86 ± 73.01



mortality of nauplii, an enrichment protocol can be
chosen that will reduce losses to a minimum. It is rec-
ommended to administer S.presso in two portions of
0.25 g l-1 at 6 h intervals during an encapsulation pe-
riod of 18 h counting from the moment of hatching.
Enriching brine shrimp nauplii with S.presso did not
result in a significant increase in length growth in
comparison to the group that was not subjected to
enrichment.

Author contributions. M.P. designed experiments and
methods, directed implementation of study, M.P. and
O.Ku. did all experiment procedures, R.K. supervised
experiments, O.Ku. and M.P. statistically analyzed the
data, M.P. and O.K. prepared the manuscript, L.K and
O.Kh. helped to conduct the literature review, R.K., L.K
and O.Kh. reviewed the article.
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