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Abstract. The application of probiotic and prebiotic to shrimp larvae can be done through bioencapsulation or enrichment of the natural feed (Artemia sp.). This study aimed to evaluate the total
bacterial count, the total probiotic count in the body of Artemia sp., and the nutritional value after being
enriched with the probiotic Pseudoalteromonas piscicida 1Ub, the prebiotic mannan-oligosaccharide
(MOS) and a synbiotic (the combination between the probiotic P. piscicida 1Ub and the prebiotic MOS).
The enrichment was done by adding the probiotic P. piscicida 1Ub at a concentration of 106 CFU mL-1, 12
mg L-1 prebiotic MOS, and the synbiotic (the combination between P. piscicida 1Ub at a concentration of
106 CFU mL-1 and 12 mg L-1 MOS) into the rearing medium of Artemia sp. for four hours. The bacterial
count and the probiotic count in the enriched Artemia sp. were counted using SWC-agar medium for the
total bacterial count and SWC-agar medium added with the antibiotic rifampicin 50 ug mL-1 for the total
probiotic count. The nutritional content of Artemia sp. was determined based on the results of the
proximate analysis, essential amino acid and fatty acid profiles after treatment. The results of this study
revealed that the probiotic P. piscicida 1Ub was able to produce protease, lipase, amylase, and
mannanase. Artemia sp. enriched with the probiotic, prebiotic, and synbiotic had the higher values of
total bacterial and probiotic count than those in the control, with the highest value obtained by the
synbiotic treatment: 8.6 log CFU per 0.1 gr Artemia for the total bacterial count and 8.6 log CFU per 0.1
gr Artemia for the total probiotic count. The protein content of Artemia sp. in the probiotic, prebiotic, and
synbiotic treatment ranged from 52.68 to 53.06%, which was higher than that in the control
(51.24±0.72%), the fat content range in the treatment groups (15.33 to 16.98%) was also higher than
that in the control (14.05±0.12%). The highest butyric acid level was obtained by Artemia sp. enriched
with prebiotic (0.0029±0.00014%). The enrichment of Artemia sp. with the synbiotic resulted in the
highest value in linoleic acid level (0.142±0.0009%) and linolenic acid level (0.72±0.0023%) compared
to the other treatments and the control. Similarly, the essential amino acid content of Artemia sp.
enriched with the probiotic, prebiotic, and synbiotic showed higher values (p < 0.05) than the control.
The highest essential amino acid portion was obtained in the leucine amino acid which ranged from 4.985
to 5.193 ppt, while the lowest portion was obtained in the histidine amino acid which ranged from 1.770
to 1.820 ppt.
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Introduction. Artemia is a natural feed that is commonly used in shrimp hatcheries,
because its size is suitable for larvae, it has high nutritional value, and it is easy to be
digested. According to John et al (2004), the newly hatched Artemia nauplii contains
50.6% protein, 25.7% carbohydrate, 14.2% fat, 9.4% ash and the energy value of 18.97
KJ g-1. Artemia has a characteristic as a non-selective filter feeder, which consumes
anything that enters its mouth (Mohebbi et al 2015). This fact allows it to be enriched
with a variety of enrichment materials, e.g. fish oil, squid oil, vitamins or other
commercial products, including probiotics and prebiotics.
Several study results have revealed that the enrichment of Artemia using various
materials could significantly improve the composition and nutritional value of Artemia
biomass, so that when it is fed as a natural feed to shrimp and fish larvae, they can
AACL Bioflux, 2017, Volume 10, Issue 1.
http://www.bioflux.com.ro/aacl

8

support the growth and survival rate of these larvae (Sulistyowati et al 2006; Widiastuti
et al 2012; Herawati et al 2014).
The application of a probiotic and a prebiotic in shrimp larvae through the
enrichment of Artemia is an alternative that could be done to produce high quality shrimp
larvae with a high survival, growth rate and resistance against several diseases (specific
pathogen resistance), so that when the shrimps are stocked into the ponds, they already
have a good growth response and immune system to combat various pathogens, which
are found in field conditions occurred in the ponds. Several study results have proven the
success of probiotics in improving the shrimp growth, survival rate, immune response
and resistance (Nimrat et al 2012; Zokaeifar et al 2012; Widanarni et al 2015), while
prebiotics has the ability to improve growth, survival rate, feed digestibility, feed
efficiency, the composition of microflora in the intestines, and improve the immune
system in shrimp (Li et al 2009; Zhang et al 2012; Aktas et al 2014).
The enrichment of Artemia with probiotic and prebiotic is expected to increase the
accumulation of the probiotic, the bacterial population in the bodies of Artemia and the
nutritional content of Artemia, so that when it is fed to shrimp larvae, they could give a
positive effect on the shrimp larvae’s growth, survival rate, and immune response. This
study was aimed to evaluate the nutritional value of Artemia sp. after the enrichment
with the probiotic Pseudoalteromonas piscicida 1Ub, the prebiotic mannanoligosaccharide (MOS) and the synbiotic (the combination between the probiotic P.
piscicida 1Ub and the prebiotic MOS).
Material and Method. This study was conducted on August-October 2015 located at
Fish Health Laboratory, Department of Aquaculture, Bogor Agriculural University; PT.
Saraswanti Indogenetic; and Microbiology Laboratory, Inter-University Center, Bogor
Agricultural University, Bogor, West Java, Indonesia.
Preparation of probiotic and prebiotic. The probiotic used was P. piscicida 1Ub
isolated from Pacific white shrimp (Litopenaeus vannamei) nauplii (Widanarni et al 2009).
The probiotic isolate was marked with 50 ug mL-1 antibiotic rifampicin (P. piscicida 1Ub
RfR) as a molecular marker. P. piscicida 1Ub RfR cells were grown in seawater complete
(SWC)-slant agar (0.5 g bacto peptone, 0.1 g yeast extract, 0.3 mL glycerol, 1.5 g bacto
agar, 75 mL seawater, and 25 mL distilled water) and were incubated at 29C for 24
hours. Furthermore, the bacterial cells were inoculated into the SWC broth medium and
were incubated in a water bath shaker at 29C (140 rpm; 18 hours).
The prebiotic used was Bio-MOS (Alltech Inc., KY USA) which contained mannanoligosaccharide (MOS) extracted from the cell wall of Saccharomyces cerevisiae with a
composition of 30% crude protein, 1.4% crude fat and 13% crude fiber.
Analysis of the activity of the enzymes produced by the probiotic P. piscicida
1Ub. P. piscicida 1Ub cells were inoculated to 10 mL SWC broth medium, incubated in a
water bath shaker at 29C (140 rpm; 24 hours). The inoculum was then centrifuged at a
speed of 11,000 rpm for 20 minutes at 4C (Irawadi 1991). The filtrate of the crude
enzyme extract was then collected to be analyzed for the amylase, lipase and protease
activity. The activity of amylase was measured using 1% starch as the substrate in
sodium phosphate buffer 20 mM pH 6.9, which contained NaCl 6.0 mM according to the
method in Worthington (1993). Lipase activity was measured using an olive oil emulsion
as the substrate and Tris-HCL as a buffer according to the method in Borlongan (1990).
Protease activity was measured using casein as the substrate and phosphate buffer 0.05
M pH 7 and tyrosine 5 mmol L-1 as the standard according to the method in Bergmeyer
(1983).
For the analysis of mannanase enzyme activity, P. piscicida 1Ub cells were
cultured in 100 mL BSM medium which contained 0.5% mannan solution (locust bean
gum), incubated in a water bath shaker at 29oC (140 rpm; 24 hours). The inoculum was
then centrifuged at a speed of 5000 rpm for 10 minutes. The crude enzyme filtrate
extract was then collected for the mannanase enzyme activity analysis (Hossain et al
1996).
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Test of the ability of MOS in stimulating the growth of the probiotic P. piscicida
1Ub. The test was conducted in vitro using 50 mL SWC broth medium that had been
reduced its nutrient at an amount of 50% and had been added 0.2 g MOS as a prebiotic.
The probiotic P. piscicida 1Ub was cultured in this medium and was incubated in a water
bath shaker at 29°C (140 rpm) for 16, 18, and 20 hours. The probiotic inoculum was
then grown on the SWC agar medium using the total plate count method. The MOS’s
ability to stimulate the growth of the probiotic P. piscicida 1Ub could be measured by
comparing the number of probiotic colonies that grew on the medium containing MOS to
the number growing on medium without MOS (the control).
Hatching and the enrichment of Artemia sp. Artemia cysts were hatched in 2 g L-1
seawater (30 ppt), strongly aerated, and the Artemia were harvested after 24 hours.
The enrichment of Artemia sp. was conducted on the instar 2 stadium (approximately
four hours after the harvesting) in a plastic container that had been filled with 1 L
seawater (30 ppt). The density of Artemia sp. in each container was 100 individuals per
mL. The enrichment was conducted by adding P. Piscicida 1Ub RfR at a concentration of
106 CFU mL-1, 12 mg L-1 MOS, and synbiotic (the combination between 106 CFU mL-1 P.
piscicida 1Ub RfR and 12 mg L-1 MOS) into each Artemia sp. enrichment container for four
hours.
Bacterial population in Artemia sp. The bacterial population in the enriched Artemia
sp. was observed using SWC-agar medium for the total bacterial count and SWC-agar
that had been added with 50 ug mL-1 antibiotic rifampicin for the total probiotic P.
piscicida 1Ub RfR count. The bacterial population was enumerated using the total plate
count method (Madigan et al 2003).
The nutritional value of Artemia sp. The nutritional value of Artemia was analyzed
based on proximate analysis, the fatty acid profile, and the essential amino acid profile in
Artemia that had been enriched with the probiotic, prebiotic, synbiotic, and Artemia
without any enrichment (the control). The proximate analysis was conducted on protein,
fat, crude fiber, ash, and nitrogen free extract content (Takeuchi 1988). The analysis of
amino acid profile was conducted using the UPLC method, while the analysis of fatty acid
profile was done using gas chromatography (GC).
Statistical analysis. The nutritional content of Artemia in each treatment was analyzed
through ANOVA. If there was a difference among treatments, the statistical analysis will
be continued with the Duncan’s test at a 95% confidence level using the SPSS 12
program. The data for the activity of enzymes produced by the probiotic P. piscicida 1Ub
RfR, the ability of MOS in stimulating the growth of the probiotic P. piscicida 1Ub RfR, and
the bacterial population in Artemia were analyzed descriptively.
Results and Discussion
Activity of the enzymes produced by the Probiotic P. piscicida 1Ub. The probiotic
P. piscicida 1Ub RfR is able to produce a number of exogenous enzymes such as protease,
lipase, amylase, and mannanase. The analysis results for the activity of protease, lipase,
amylase, and mannanase in P. piscicida 1Ub RfR are presented in Table 1.
Table 1
The activity of protease, lipase, amylase, and mannanase produced by P. piscicida 1Ub RfR

Isolate name
P. piscicida 1Ub RfR

Protease
0.0311±0.0302

Enzyme activity (U mL-1 minute-1)
Lipase
Amylase
0.1978±0.0579

0.008±0.0034

Mannanase
0.0185±0.0036

The ability of P. piscicida 1Ub RfR to produce exogenous enzymes indicates that P.
piscicida 1Ub RfR has the ability to utilize protein, fat, carbohydrate, and MOS as a source
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of additional nutrition to support its growth. This was in line with the statement by Wang
et al (2008) that probiotics can produce a number of exogenous enzymes for feed
digestion, including amylase, protease, lipase, and cellulase. Tzuc et al (2014) reported
Pseudoalteromonas sp. isolated from the stomach, intestines, and hepatopancreas of
Pacific white shrimp could produce amylase, lipase, and chitinase. Hakamada et al (2014)
reported that various microorganisms, bacteria, yeast, and fungi, can produce
mannanase. Ivanova et al (2002) also reported that a mesophilic and psychrophilic
bacterial species, Pseudoalteromonas issachenkonii, was known to utilize D-Mannose with
a help from mannanase.
The protease can hydrolyze protein into peptides, and bacteria produce peptidase
which decomposes peptides into amino acids that are needed for metabolism. The
amylase hydrolyzes amylum and assists the digestion of organisms. Lipases are a group
of enzymes that generally play a role in hydrolyzing fats, monoglycerides, diglycerides,
and triglycerides to produce free fatty acids and glycerol (Falony et al 2006). The main
functions of lipase are to digest fats and lipids, to maintain the healthy function of the
gall bladder, to maintain the electrolyte balance in the body, to help in maintaining
optimum cell permeability, allowing the nutrition required by the cell to enter and assist
metabolism.
The ability of MOS in stimulating the growth of the probiotic P. piscicida 1Ub.
The ability of MOS in stimulating the growth of the probiotic P. piscicida 1Ub was
evaluated based on the comparison between the total P. piscicida 1Ub count using SWC
plate agar medium containing MOS and SWC plate agar medium without MOS. The total
P. piscicida 1Ub count grown on the SWC plate agar medium containing MOS during the
16-20 hour incubation period ranged between 11.2-11.8 log CFU mL-1, while the total P.
piscicida 1Ub count grown on SWC plate agar medium without MOS ranged between 9.29.5 log CFU mL-1 (Figure 1).

Figure 1. The total P. piscicida 1Ub count on the SWC plate agar medium and on the
SWC+MOS plate agar medium.
The prebiotic MOS used in this study was able to stimulate the growth of the probiotic P.
piscicida 1Ub RfR. This was indicated by the total P. piscicida 1Ub RfR count grown on the
SWC plate agar medium containing MOS which was greater than the total P. piscicida
1Ub RfR count on the SWC plate agar medium without MOS. The higher total P. piscicida
1Ub RfR count grown on the SWC medium containing MOS was due to the availability of
MOS as a source of additional nutrition for P. piscicida 1Ub RfR and the ability of P.
piscicida 1Ub RfR to utilize MOS through the activity of mannanase produced by this
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probiotic bacteria. Cerezuela et al (2011) stated that prebiotics are indigestible feed
materials which have a beneficial effect on their host by stimulating the growth and the
activity of particular bacteria in the intestines, improving the health of the host. There
are many prebiotics that have been studied and applied in aquaculture, including inulin,
mannan-oligosaccharides
(MOS),
fructooligosaccharides
(FOS),
short-chain
fructooligosaccharides (scFOS), galactooligosaccharides (GOS), xylooligosaccharides
(XOS), trans-galactooligosaccharides (TOS), and isomaltooligosaccharides (IMO) (Ringø
et al 2010).
Bacterial population in Artemia sp. The administration of the probiotic P. piscicida
1Ub RfR, the prebiotic MOS, and the synbiotic (the combination between the probiotic P.
piscicida 1Ub RfR and the MOS) to Artemia sp. could modulate the growth of microflora in
the bodies of the Artemia, so the bacterial population in the bodies of the Artemia given
the probiotic, prebiotic and synbiotic were higher than that in the control. The total
bacterial count in the synbiotic treatment was 8.6 log CFU per 0.1 g Artemia, 8.0 log CFU
per 0.1 g Artemia in the probiotic treatment, 7.7 log CFU per 0.1 g Artemia in the
prebiotic treatment, and 6.8 log CFU per 0.1 g Artemia in the control. Moreover, P.
piscicida 1Ub RfR administered were also able to survive and colonize in the bodies of
Artemia. The total P. piscicida 1Ub RfR count in the bodies of the Artemia treated with the
probiotic was 6.4 log CFU per 0.1 g Artemia, and in those treated with the synbiotic was
6.9 log CFU per 0.1 gr Artemia (Figure 2).

Figure 2. Total bacterial count and total P. piscicida 1Ub RfR count in the bodies of Artemia.

The ability of P. piscicida 1Ub RfR to survive and colonize in the bodies of Artemia sp. was
demonstrated by the total bacterial count and the total P. piscicida 1Ub RfR count in the
bodies of the Artemia. Based on the average values of total bacterial count and total
probiotic P. piscicida 1Ub RfR count in the bodies of the Artemia, those revealed that the
administration of the synbiotic resulted in higher total bacterial count and total P.
piscicida 1Ub RfR count compared to other treatments and the control. The high values of
total bacterial count and total P. piscicida 1Ub RfR count in the bodies of Artemia treated
with the synbiotic were possibly caused by the ability of P. piscicida 1Ub RfR to survive
and colonize in the bodies of Artemia and its ability to utilize mannan-oligosaccharide due
to the presence of mannanase produced by P. piscicida 1Ub RfR. This was in line with the
results of the study by Widanarni et al (2015) who reported that the application of the
synbiotic (the combination between the probiotic Vibrio alginolyticus SKT-b and the
prebiotic from sweet potato extract) resulted in the highest total bacterial count and total
probiotic count in the bodies of Pacific white shrimp larvae. The application of synbiotics
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is known to be able to optimize the function and gain the number of beneficial bacteria in
the host’s intestines (Delgado et al 2011).
The nutritional value of Artemia sp. The results of the proximate analysis and fatty
acid profile of Artemia sp. enriched with the probiotic P. piscicida 1Ub RfR, the prebiotic
MOS, and the synbiotic (the combination between P. piscicida 1Ub RfR and MOS) are
presented in Tables 2 and 3. The enrichment of Artemia sp. with the probiotic, prebiotic,
and synbiotic had a significant effect (p < 0.05) on the protein and fat content in the
Artemia, but did not have a significant effect (p > 0.05) on the crude fiber, ash, and
nitrogen free extract content. The protein content of the Artemia treated with the
probiotic, prebiotic, and synbiotic ranged between 52.68-53.06%, while the fat content of
the Artemia ranged between 15.33-16.98%.
Based on the fatty acid profile (Table 3), it could be concluded that the
administration of the probiotic, prebiotic, and synbiotic had a significant effect (p < 0.05)
on the butyric acid, linoleic acid, and linolenic acid content of Artemia. The highest
butyric acid (p < 0.05) was observed in the Artemia enriched with the prebiotic
(0.0029±0.00014%), followed by those enriched with the synbiotic (0.0009±0.00007),
while in the probiotic treatment and control, butyric acid was not detected. The
enrichment of Artemia with the synbiotic resulted in the higher content (p < 0.05) of
linoleic acid and linolenic acid compared to the other treatments and the control. The
linoleic acid and linolenic acid content of the Artemia enriched with the synbiotic were
0.142±0.0009% and 0.72±0.0023%, respectively.
Table 2
The results of the proximate analysis of Artemia sp. enriched with the probiotic, prebiotic,
and synbiotic
Treatment
Control
Probiotic
Prebiotic
Synbiotic

Protein
(%)
51.24±0.72a
53.06±0.23b
52.88±0.19b
52.68±0.26b

Fat
(%)
14.05±0.12a
15.77±0.64ab
16.98±0.51b
15.33±0.92ab

Crude fiber
(%)
0.65±0.07a
2.00±2.12a
2.02±1.10a
1.66±0.88a

Ash
(%)
20.60±1.98a
18.80±0.57a
23.44±3.20a
19.15±3.18a

Nitrogen-free
extract (%)
12.02±1.91a
10.38±3.09a
4.69±2.41a
12.63±4.26a

Means±standard deviations in the same column with different superscript letters indicate significantly different
results (p < 0.05).

Table 3
The fatty acid profile of Artemia sp. enriched with probiotic, prebiotic, and synbiotic
Treatment

Control
Probiotic
Prebiotic
Synbiotic

Butyric acid
(%)

Nd
Nd
0.0029±0.00014a
0.0009±0.00007b

Linoleic acid
(%)
0.117±0.0013a
0.141±0.0018c
0.127±0.0009b
0.142±0.0009c

Linolenic acid
(%)
0.53±0.0023a
0.65±0.0127c
0.58±0.0078b
0.72±0.0023d

EPA
(%)
0.018±0.0023a
0.020±0.0031a
0.023±0.0009a
0.046±0.0001a

DHA
(%)

nd
nd
nd
0.018±0.0006

Means±standard deviations in the same column with different superscript letters indicate significantly different
results (p < 0.05); nd = not detected.

On the other hand, the analysis of the essential amino acid profile of Artemia sp. (Table
4) revealed that the administration of the probiotic, prebiotic, and synbiotic had a
significant effect (p < 0.05) on the essential amino acid content of Artemia sp. The
essential amino acid that took the highest portion was leucine that ranged between
4.985-5.193 ppt, while the essential amino acid that took the lowest portion was the
amino histidine that ranged between 1.770-1.820 ppt.
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Table 4
The essential amino acid profile in the Artemia sp. enriched with the probiotic, prebiotic,
and synbiotic
Essential
amino acid
Histidine
Threonine
Arginine
Valine
Phenylalanine
Isoleucine
Leucine
Lysine

Control

The concentration of essential amino acid (ppt)
Probiotic
Prebiotic
Synbiotic

1.630±0.051a
1.630±0.051a
2.920±0.010a
3.415±0.029a
3.358±0.042a
3.193±0.056a
4.839±0.161a
2.014±0.037a

1.770±0.012b
1.770±0.012b
3.297±0.034c
3.695±0.043c
3.477±0.087a
3.540±0.065c
5.193±0.078b
4.843±0.002d

1.820±0.009b
1.820±0.009b
3.128±0.046b
3.531±0.055ab
3.783±0.019b
3.398±0.027b
5.018±0.043ab
2.732±0.015b

1.809±0.003b
1.809±0.003b
4,565±0.061d
3.611±0.047bc
3.893±0.131b
3.425±0.018bc
4.985±0.075ab
4.102±0.025c

Means±standard deviations in the same column with different superscript letters indicate significantly different
results (p < 0.05).

The enrichment of Artemia sp. with the probiotic P. piscicida 1Ub RfR, prebiotic MOS, and
synbiotic (the combination between P. piscicida 1Ub RfR and MOS) could also improve the
nutritional value of Artemia sp., especially the protein content, fat content, fatty acid
profile, and essential amino acid profile. The improvement of the nutritional value of
Artemia sp. enriched with the probiotic, prebiotic, and synbiotic were most probably due
to the colonization by a number of beneficial bacteria in the bodies of the Artemia sp. and
the ability of probiotic to produce a number of exogenous enzymes, including protease,
lipase, amylase, and mannanase. This was in accordance with the statement by Balcázar
et al (2006) who stated that the beneficial effects of probiotics, prebiotics, and synbiotics
for the host are postulated to be due to the colonization of a number of beneficial
bacteria in the host’s digestive tract. Probiotics have also been demonstrated to produce
protease, amylase, and lipase, vitamins, fatty acids and amino acid cofactors in the
digestion process which will improve feed efficiency and growth performance, shown by
the improvement in the nutritional values of the host body. Abdelhamid et al (2009)
reported that an increased dose of probiotics could increase the protein, fat, and energy
content in the fish body. This indicates that the application of a substance that can
modulate the bacterial population in the digestive tract of aquatic organisms (probiotics,
prebiotics, and synbiotics) would induce the improvement in the host’s nutritional value.
Fat is needed as a source of metabolic energy (ATP) and as a material to maintain
the structure and integrity of the cell membrane in the form of phospholipids.
Phospholipids consist of fatty acids. There are two fatty acids that build fat: non-essential
fatty acids that can be synthesized by the body and essential fatty acids that must be
obtained from the exogenous sources (Jobling 2001). Essential fatty acids, especially
those from the HUFA (highly unsaturated fatty acids) and PUFA (polyunsaturated fatty
acids) groups, have important roles in the body’s metabolic activities, because they are
the components of membranes (phospholipids and cholesterol), hormones (metabolism
of steroids and vitamin D), activate certain enzymes, are a precursor of prostanoids and
leukocytes, maintain the structure and function of the cell membrane and have the
function as the precursor for eicosanoids (Sargent et al 1999; Ibeas et al 1996). Fatty
acids that are essential for crustaceans are 18:2n-6 (linoleic), 18:3n-3 (linolenic), 20:5n3 (eicosapentaenoic, EPA) and 20:6n-3 (docosahexaenoic, DHA) (D’Abramo 1997). EPA
and DHA play important roles in supporting the growth and survival rate of crustaceans
(D’Abramo & Sheen 1993; Suprayudi et al 2004).
Brown & Robert (2002) and Herawati (2014) stated that leucine, isoleucine, valine
and lysine are essential amino acids that are important for the growth of fish and shrimp
larvae. Leucine plays important roles in maintaining the nitrogen balance, the
degradation and production of protein. Isoleucine is a building component of protein,
while valine has a function to replace glutamic acid that plays a role to bind oxygen
effectively. Lysine plays a role in the production of vitamin B1, has anti-viral properties,
helps the absorption of calcium, forms antibody hormones, stimulates the appetite, and

AACL Bioflux, 2017, Volume 10, Issue 1.
http://www.bioflux.com.ro/aacl

14

facilitates the production of carnitine which is needed to convert fatty acids into energy
(Herawati et al 2012).
Conclusions. The enrichment of Artemia sp. with the probiotic P. piscicida 1Ub RfR, the
prebiotic mannan-oligosaccharide, and the synbiotic (the combination between the
probiotic P. piscicida 1Ub RfR and the prebiotic mannan-oligosaccharide) could increase
the bacterial population and the nutritional value of the Artemia sp., with the best results
demonstrated by the application of the synbiotic.
Acknowledgements. Thanks to General Directorate of Higher Education of Indonesia
that has provided the doctoral program scholarship for the first author. Thanks also goes
to Directorate of Research and Community Service, General Directorate of Strengthening
Research and Development, Ministry of Research, Technology and Higher Education of
Indonesia, that has financially funded this study with a contract number of
079/SP2H/LT/DRPM/II/2016.
References
Abdelhamid A. M., Mehrim A. I., El-Barbary M. I., Ibrahim S. M., Abd El-Wahab A. I.,
2009 Evaluation of a new Egyptian probiotic by African catfish fingerlings. Journal of
Environmental Science and Technology 2(3):133-145.
Aktas M., Ciğer O., Genç E., Genç M. A., Çavdar N., 2014 Effects of mannan
oligosaccharide and serotonin on molting, growth, body composition and
hepatopancreas histology of white leg shrimp Litopenaeus vannamei (Boone 1931).
Turkish Journal of Fisheries and Aquatic Sciences 14:205-211.
Balcázar J. L., de Blas I., Ruiz-Zarzuela I., Cunningham D., Vendrell D., Múzquiz J. L.,
2006 The role of probiotics in aquaculture. Veterinary Microbiology 114(3-4):173186.
Bergmeyer H. U., 1983 Methods of enzymatic analysis, vol. 2: samples, reagents,
asessment of results, third edition. Verlag Chemie, Weinheim, 539 pp.
Borlongan I. G., 1990 Studies on the digestive lipases of milkfish, Chanos chanos.
Aquaculture 89(3-4):315–325.
Brown M., Robert R., 2002 Preparation and assessment of microalgal concentrates as
feeds for larval and juvenile pacific oyster (Crassostrea gigas). Aquaculture 207(34):289-309.
Cerezuela R., Meseguer J., Esteban M. A., 2011 Current knowledge in synbiotic use for
fish aquaculture: a review. Journal of Aquaculture Research & Development S1:008.
D’Abramo L. R., 1997 Triacylglycerols and fatty acids. IN: Crustacean nutrition, advances
in aquaculture, vol. 6. D’Abramo L. R., Conklin D. E., Akiyama D. M. (eds), World
Aquaculture Society, Baton Rounge, pp. 71-84.
D'Abramo L. R., Sheen S. S., 1993 Polyunsaturated fatty acid nutrition in juvenile
freshwater prawn Macrobrachium rosenbergii. Aquaculture 115(1-2):63-86.
Delgado G. T. C., Tamashiro W. M. S. C., Junior M. R. M., Moreno Y. M. F., Pastore G. M.,
2011 The putative effects of prebiotics as immunomodulatory agents. Food
Research International 44(10):3167-3173.
Falony G., Armas J. C., Mendoza J. C. D., Hernández J. L. M., 2006 Production of
extracellular lipase from Aspergillus niger by solid-state fermentation. Food
Technology and Biotechnology 44(2):235-240.
Hakamada Y., Ohkubo Y., Ohashi S., 2014 Purification and characterization of βmannanase from Reinekea sp. KIT-YO10 with transglycosylation activity. Bioscience,
Biotechnology, and Biochemistry 78(4):722–728.
Herawati V. E., 2014 [The transfer of nutrition and energy of white shrimp larvae
(Litopennaeus vannamei) through the administration of the local and imported
product of Artemia sp.]. Aquasains 2(2):177-185. [in Indonesian]

AACL Bioflux, 2017, Volume 10, Issue 1.
http://www.bioflux.com.ro/aacl

15

Herawati V. E., Hutabarat J., Prayitno S. B., 2012 The effect of essential amino acid
profile, fatty acid profile and to growth of Skeletonema costatum using technical
media culture guillard and double walne. Journal of Coastal Development 10(1):4854.
Herawati V. E., Hutabarat J., Radjasa O. K., 2014 Nutritional content of Artemia sp. fed
with Chaetoceros calcitrans and Skeletonema costatum. HAYATI Journal of
Biosciences 21(4):166-172.
Hossain M. Z., Abe J., Hizukuri S., 1996 Multiple forms of β-mannanase from Bacillus sp.
KK01. Enzyme and Microbial Technology 18(2):95-98.
Ibeas C., Cejas J., Gómez T., Jerez S., Lorenzo A., 1996 Influence of dietary n - 3 highly
unsaturated fatty acid levels on juvenile gilthead seabream (Sparus aurata) growth
and tissue fatty acid composition. Aquaculture 142(3-4): 221-235.
Irawadi T. T., 1991 [Production of extracellular enzymes (cellulase and xylanase) from
Neurospora sitophila on a substrate of palm solid waste]. Bogor Agricultural
University, Bogor. [in Indonesian]
Ivanova E. P., Sawabe T., Alexeeva Y. V., Lysenko A. M., Gorshkova N. M., Hayashi K.,
Zhukova N. V., Christen R., Mikhailov V. V., 2002 Pseudoalteromonas issachenkonii
sp. nov., a bacterium that degrades the thallus of the brown alga Fucus evanescens.
International Journal of Systematic and Evolutionary Microbiology 52:229-234.
Jobling M., 2001 Feed composition and analysis. IN: Food intake in fish. Houlihan D.,
Boujard T., Jobling M. (eds), Blackwell Science Ltd, Oxford, pp.1-24.
John C. J. A., Abatzopoulos T. J., Marian P. M., 2004 Characterization of a new
parthenogenetic Artemia population from Thamaraikulam, India. Journal of
Biological Research 2:63-74.
Li J., Tan B., Mai K., 2009 Dietary probiotic Bacillus OJ and isomaltooligosaccharides
influence the intestine microbial populations, immune responses and resistance to
white spot syndrome virus in shrimp (Litopenaeus vannamei). Aquaculture 291(12):35-40.
Madigan T. M., Martinko M. J., Parker J., 2003 Brock biology of microorganisms, 10th
Edn. Prentice Hall/Pearson Education, New Jersey, pp. 620.
Mohebbi F., Azari A. M., Ahmadi R., Seidgar M., Mostafazadeh B., Ganji S., 2015 The
effects of Dunaliella tertiolecta, Tetraselmis suecica and Nannochloropsis oculata as
food on the growth, survival and reproductive characteristics of Artemia urmiana.
Environmental Resources Research 3(2):111-120.
Nimrat S., Suksawat S., Boonthai T., Vuthiphandchai V., 2012 Potential Bacillus
probiotics enhance bacterial numbers, water quality and growth during early
development of white shrimp (Litopenaeus vannamei). Veterinary Microbiology
159(3-4):443-450.
Ringø E., Olsen R. E., Gifstad T. Ø., Dalmo R. A., Amlund H., Hemre G. I., Bakke A. M.,
2010 Prebiotics in aquaculture: a review. Aquaculture Nutrition 16(2):117-136.
Sargent J., Bell G., McEvoy L., Tocher D., Estevez A., 1999 Recent developments in the
essential fatty acid nutrition of fish. Aquaculture 177(1-4):191-199.
Suprayudi M. A., Takeuchi T., Hamasaki K., 2004 Essential fatty acid for larvai mud crud
Scylla serrata: implications of lack of the ability to bioconvert C18 unsaturated fatty
acids to highly unsaturated fatty acid. Aquaculture 231(1-4):403-416.
Sulistyowati E. B., Widiyani T., Soni A. F. M., 2006 [Increasing quantity and quality of
Artemia franciscana cysts after exposing fish silage]. Bioteknologi 3(2):35-41. [in
Indonesian]
Takeuchi T., 1988 Laboratory work-chemical evaluation of dietary nutrients. IN: Fish
nutrition and mariculture. Watanabe T. (ed), Kanagawa International Fisheries
Training Centre, Japan International Cooperation Agency (JICA), Tokyo, pp. 179233.
Tzuc J. T., Escalante D. R., Herrera R. R., Cortés G. G., Ortiz M. L. A., 2014 Microbiota
from Litopenaeus vannamei: digestive tract microbial community of Pacific white
shrimp (Litopenaeus vannamei). SpringerPlus 3:280.
Wang Y. B., Li J. R., Lin J., 2008 Probiotics in aquaculture: Challenges and outlook.
Aquaculture 281(1-4):1-4.

AACL Bioflux, 2017, Volume 10, Issue 1.
http://www.bioflux.com.ro/aacl

16

Widanarni, Tepu I., Sukenda, Setiawati M., 2009 [Selection of probiotic bacteria for
biocontrol of vibriosis on tiger shrimp (Penaues monodon) larvae using co-culture
method]. Jurnal Riset Akuakultur 4(1):95-105. [in Indonesian]
Widanarni, Nababan Y. I., Yuhana M., 2015 Growth performance of Pasific white shrimp
Litopenaeus vannamei larvae fed prebiotic and probiotic through Artemia. Pakistan
Journal of Biotechnology 12(2):99 -104.
Widiastuti R., Hutabarat J., Herawati V. E., 2012 [Effect of different natural feeding
(Skeletonema costatum dan Chaetoceros gracilis) on absolute biomass growth and
nutritional content of local Artemia sp.]. Journal of Aquaculture Management and
Technology 1(1):236-248. [in Indonesian]
Worthington V., 1993 Worthington Enzyme Manual, enzymes and related biochemicals.
Worthington Biochemical Corp, New Jersey, 401 pp.
Zhang J., Liu Y., Tian L., Yang H., Liang G., Xu D., 2012 Effects of dietary mannan
oligosaccharide on growth performance, gut morphology and stress tolerance of
juvenile Pacific white shrimp, Litopenaeus vannamei. Fish & Shellfish Immunology
33(4):1027-1032.
Zokaeifar H., Balcázar J. L., Saad C. R., Kamarudin M. S., Sijam K., Arshad A., Nejat N.,
2012 Effects of Bacillus subtilis on the growth performance, digestive enzymes,
immune gene expression and disease resistance of white shrimp, Litopenaeus
vannamei. Fish & Shellfish Immunology 33(4):683-689.

Received: 23 November 2016. Accepted: 28 December 2016. Published online: 08 January 2017.
Authors:
Hamsah, Department of Aquaculture, Faculty of Agriculture, Muhammadiyah University of Makassar, Jalan
Sultan Alauddin No. 259, Makassar, South Sulawesi, Indonesia; Study Program of Aquaculture Science,
Graduate School, Bogor Agricultural University, Dramaga Campus, Bogor 16680, West Java, Indonesia, e-mail:
h4m_s4h@yahoo.co.id
Widanarni, Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural University,
Jalan Agathis, Dramaga Campus, Bogor 16680, Bogor, West Java, Indonesia, e-mail: widanarni@yahoo.com
Alimuddin, Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural University,
Jalan Agathis, Dramaga Campus, Bogor 16680, Bogor, West Java, Indonesia, e-mail:
alimuddin_alsani@yahoo.com
Munti Yuhana, Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural
University, Jalan Agathis, Dramaga Campus, Bogor 16680, Bogor, West Java, Indonesia, e-mail:
yhnmymy@yahoo.co.id
Muhammad Zairin Jr., Department of Aquaculture, Faculty of Fisheries and Marine Science, Bogor Agricultural
University, Jalan Agathis, Dramaga Campus, Bogor 16680, West Java, Indonesia, e-mail: zairinmz@live.com
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.
How to cite this article:
Hamsah, Widanarni, Alimuddin, Yuhana M., Zairin Jr. M., 2017 The nutritional value of Artemia sp. enriched
with the probiotic Pseudoalteromonas piscicida and the prebiotic mannan-oligosaccharide. AACL Bioflux
10(1):8-17.

AACL Bioflux, 2017, Volume 10, Issue 1.
http://www.bioflux.com.ro/aacl

17

