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ABSTRACT

This study aimed at determining the effect of prebiotic, probiotic and synbiotic enrichment through
artemia on survival, growth and stress tolerance of Pacific white shrimp larvae. The life stage of Pacific white
shrimp larvae used in this study was the nauplius 6 with an average weight of 0.6+0.08 mg/larvae and the
treatment was started at mysis 1. The shrimp larvae were reared in a jar with a total water volume of two liters
and at a density of 100 larvae/l. The study consisted of four treatments and three replicates: control, prebiotic,
probiotic and synbiotic. The stress test with 200 ppm of formalin solution was performed after the larvae
reached the post-larvae 10 stage. The results showed that synbiotic enrichment through artemia had the highest
survival rate (41.50£3.61%), daily growth rate (17.55 + 0.65%) and the lowest mortality rate when tested with

200 ppm formalin solution (33.33 + 10.41%).
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INTRODUCTION

The Pacific white shrimp Litopenaeus
vannamei 1is one of the primary export
commodities of the fishery sector in Indonesia.
As a primary commodity, a lot of the Pacific
white shrimp cultivation involves the intensive
cultivation system. However, in the past
decade, intensive shrimp cultivation has faced
many problems due to viral and bacterial infec-
tions (Zhang et al., 2012) which have decreased
the Pacific white shrimp production. Most of
the diseases occur as a result of environmental
deterioration and stress associated with intense-
fication of shrimp farming.

Several actions have been taken to control
pathogenic microbes and increase shrimp
growth rate such as the use of antibiotics and
disinfectants (Balcazar et al., 2006). However,
the use of antibiotics lead to the emergence of
antibiotic-resistant pathogens, environmental
damage, and food-safety issues (Verschuere et
al., 2000).

The most common effort to improve the
quality of aquatic animal larvae is to make
them more resistant to disease through the
application of prebiotics and probiotics.
Prebiotics are non digestible food materials
which stimulate microbial growth and activity
and thus improve the host’s health (Cerezuela
et al., 2011). Previous studies have shown that
the use of prebiotics can improve the immune
system in shrimp (Zhang et al., 2012; Li et al.,

2009), and fish (Akrami et al., 2013; Merrifield
et al., 2010). Probiotics are live or dead
microbes or bacterial components which act
upon different action models exerting
beneficial effects directly on the host or its
environment (Lazado and Caipang, 2014).
Some probiotics that have been used in
aquaculture practices are Lactobacillus, Lacto-
coccus, Leuconostoc, Enterococcus, Carno-
bacterium, Shewanella, Bacillus, Aeromonas,
Vibrio, Enterobacter, Pseudomonas, Clos-
tridium and Saccharomyces (Nayak, 2010).
Some study results have proven the success of
probiotics in increasing shrimp and fish
resistance to disease by improving immunity or
by improving water quality (Verschuere et al.,
2000).

The combination of a prebiotic and a
probiotic is known as a synbiotic. A synbiotic
gives a competitive advantage to probiotics in
accessing fermented energy sources compared
to the competition of endogenous populations,
resulting in an effective increase in the growth
of beneficial bacteria in the intestinal tract of
live hosts (Schrezenmeir and Vrese, 2001). One
of the important factors affecting shrimp larval
quality is health status which can be tested with
a stress test (Zhang et al., 2012), for example
using formalin solution (Samocha et al., 1998).
This method is widely applied in Indonesia to
assess the quality of the shrimp larvae produced
before they are distributed to shrimp farms.
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The synbiotic used in this study is a
combination between the probiotic bacteria
Vibrio alginolyticus SKT-b and a prebiotic
extracted from the sweet potato Ipomoea
batatas. This synbiotic was used on the juvenile
stage of Pacific white shrimp and the results
showed that the synbiotic could improve the
shrimp growth rate, immune response, and
resistance (Oktaviana et al., 2014). Knowledge of
the application of synbiotics on shrimp larvae is
still very limited; therefore, this study was
conducted to test the effect of the application of
prebiotic, probiotic and synbiotic through
artemia on Pacific white shrimp larvae’s
survival rate, growth and stress tolerance.

MATERIALS AND METHODS

Prebiotic preparation: The prebiotic used was
extracted from sweet potato starch var. sukuh.
The preparation of sweet potato starch was
done based on the method by Marlis (2008)
then the oligosaccharide was extracted
according to Muchtadi (1989) using 70%
ethanol. The oligosaccharide extract was
measured for its total dissolved solids (TDS)
according to Apriyantono et al. (1989).
Probiotic preparation: The probiotic used in
this study was Vibrio alginolyticus SKT-b
marked as Rifampicin resistant (Rf®) and called
SKT-b Rf® (Widanarni et al., 2003). The SKT-
b RfR bacteria were cultured in seawater
complete (SWC) broth medium (5 g bacto-
peptone, 1 g yeast extract, 3 ml glycerol, 750
ml seawater and 250 ml aqua destilata) then
incubated in a water bath shaker for 18 hours at
299C at a speed of 140 rpm.

Artemia enrichment using prebiotic and
probiotic: Artemia cysts (2 g/l) were hatched
in seawater with a salinity of 30 ppt then
strongly aerated and harvested after 24 hours.
The artemia nauplii were then enriched with
prebiotic, probiotic and synbiotic. Artemia
density was 100 individuals/ml seawater at a
salinity of 30 ppt. Enrichment was done for 4
hours with continuous aeration (Widanarni et
al., 2008). The enriched artemia were harvested
using a plankton net and rinsed with sterile
seawater. The harvested artemia were then
stored in a refrigerator at 4°C for further use on
the same day.

Rearing condition: The shrimp used in this
study were Pacific white shrimp larvae at
nauplius 6 stage which were obtained from PT.
Suri Tani Pemuka, Banten, Indonesia. The
larvae were reared in two-liter-glass jars with
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stocking density of 100 individuals/l and the
larvae weighed an average of 0.6+0.08mg. Bef
o re the treatment, the larvae were reared until
they reached the zoea 3 stage and were fed with
Chaetocerros sp. (10° cells/ml) five times a
day. Temperature of the rearing medium was
between 31 and 33°C, salinity at 32-33 ppt, pH
at 7.34-8.47 and dissolved oxygen at 4.5-5.70
ppm.

Trial through artemia test administration to
Pacific white shrimp: This study consisted of
four treatments: control (artemia without
prebiotic, probiotic or synbiotic enrichment),
prebiotic treatment (artemia enriched with 2%
prebiotic), probiotic  treatment (artemia
enriched with 107 cfu/ml probiotic) and
synbiotic (artemia enriched with 2% prebiotic
and 107 cfu/ml probiotic). Each treatment was
performed in triplicate. Trial administration of
artemia test to shrimp was begun at mysis 1 up
to post-larvae (PL) 10 stage. Shrimps were fed
five times a day at 06.00, 10.00, 14.00, 18.00
and 22.00 Western Indonesia Time. The
number of artemia administered was 3-4
individuals/larvae during the mysis stage and 8-
10 individuals/larvae during the post-larval
stage (Nimrat et al., 2011).

Measurement of survival rate, growth, and
bacterial count: The survival rate (SR) of
larval shrimp was calculated at the end of the
study according to Effendie (1997) and daily
growth rate (DGR) according to Huisman
(1987). Bacterial count was done using the
spread plate method (Madigan et al., 2003) at
the beginning and at the end of the rearing
period. Total viable bacterial count (TBC) was
assessed with SWC agar medium and total
SKT-b Rf* with thiosulphate citrate bile-salt
sucrose (TCBS) agar + rifampicin 50 pg/ml.
Stress Test on Pacific White Shrimp Larvae:
In this study, the stress test was done by
exposing the shrimp to formalin solution based
on the description by Samocha (1998). Twenty
post-larval shrimp (No) from each jar were put
into the rearing receptacle. Each receptacle was
filled with two liters seawater and formalin
solution was added to achieve a concentration
of 200 ppm. Observations of the post-larvae
mortality were done every 2 hours and the total
mortality rate was calculated after 12 hours
(Nt). The larvae mortality rate was calculated
using the following formula:

Nt
MR= N0 x 100%
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RESULTS

The best DGR was demonstrated by the
synbiotic treatment (17.55+0.65%) which was
significantly different (P<0.05) from the
probiotic treatment (16.86+1.05%), prebiotic
treatment (15.97+0.45%) and control (14.56
+0.66%). The highest Pacific white shrimp
larvae weight gain was demonstrated by the
synbiotic  treatment (0.65+0.07 mg/day),
followed by the probiotic treatment (0.58+0.11
mg/day), prebiotic treatment (0.50+0.04 mg/
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day) and control (0.39+0.04 mg/day). The
highest Pacific white shrimp larvae absolute
length growth was also found in the synbiotic
treatment (10.05+£1.18 mm) and the lowest in
the control (6.85+0.27 mm). The highest
survival rate was shown by the synbiotic
treatment (41.50£3.61%) which was
significantly different (P<0.05) from the
probiotic treatment (33.0043.33%), prebiotic
treatment  (28.33£3.50%) and  control
(27.67+0.23%) (Table 1).

Table 1. Daily growth rate (DGR), weight gain, absolute length gain, and survival rate (SR) of Pacific white
shrimp (Litopenaeus vannamei) treated with prebiotic, probiotic and synbiotic treatments

Treatment DGR (%) Weight Gain Absol}lte Length SR (%)
(mg/day) Gain (mm)
Control 14.56+0.66* 0.39+0.04¢ 6.85+0.272 27.67+0.232
Prebiotic 15.97+0.452 0.50+0.04° 7.47+1.532 28.33+£3.502
Probiotic 16.86+1.052 0.58+0.11% 7.00+0.342 33.00+3.332
Synbiotic 17.55+0.65° 0.65+0.072 10.05+1.18P 41.50+3.61°

Notes: different letters in the same column signify significantly different results (P<0.05)

The total bacterial count in shrimp larvae at the
beginning of the rearing period for all
treatments was 2.08x10° CFU/larvae. After the
rearing period, there was an increasing total
bacterial count in the shrimp larvae in all
treatments. The highest total bacterial count
was demonstrated by the synbiotic treatment at
1.82x10'""  CFU/larvae, followed by the

probiotic treatment at 1.36x10'° CFU/larvae,
the prebiotic treatment at 1.22x10° CFU/larvae,
the lowest was the control at 9.00x108
CFU/larvae. The total SKT-b Rf® count at the
end of the rearing period was only found in the
synbiotic treatment at a value of 1.84x10°
CFU/larvae and the probiotic treatment at
1.52x10° CFU/larvae (Table 2).

Table 2. Total bacterial count and total SKT-b Rf® count in Pacific white shrimp (Litopenaeus vannamei) larvae

Total Bacterial Count (CFU/larvae)

Total SKT-b Rf® (CFU/larvae)

Treatment

Initial Final Initial Final
Control 2.08x106 9.00x108 0 0
Prebiotic 2.08x10° 1.22x10° 0 0
Probiotic 2.08x10° 1.36x1010 0 1.52x103
Synbiotic 2.08x10° 1.82x10!"! 0 1.84x103

No Pacific white shrimp mortality was detected
at hour 2 of the stress test in any of the
treatments. Initial mortality was found at hour 4
with the best value obtained in the synbiotic
treatment (5.00+0.00%) which differed signify-
cantly (P<0.05) from the control (20.00+
5.00%). The highest total mortality rate was

found in the control (60.00+£5.00%), followed
by the prebiotic treatment (48.33+ 2.89%),
probiotic and synbiotic treatment (38.33+10.41;
38.33+10.41%). The accumulation of morta-
lity rates in the synbiotic treatment was
significantly different (P<0.05) from the control
(Figure 1).
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Figure 1. The Pacific white shrimp (Litopenaeus vannamei) post-larvae mortality rate during immersion in 200
ppm formalin solution. Different superscript letters signify significantly different results (P<0.05).

DISCUSSION

The study results showed that the
administration of prebiotic and probiotic could
improve the daily growth rate and absolute
weight and length gain in Pacific white shrimp
larvae. Some other studies have shown similar
results, for example the administration of the
prebiotic MOS could improve the growth of
Pacific white shrimp (Zhang et al., 2012) and
European lobster (Daniels, 2013). Prebiotics
administered to the host would be actively
fermented by intestinal bacteria and would
modulate bacterial activity (Ai et al., 2011).
Prebiotics also increase the length of intestinal
microvilli (Zhang et al, 2010) which help
increase nutrient absorption and thus improve
growth performance (Cerezuela ef al., 2011).

Increased growth was also observed in
larvae given the probiotic. Similar results were
found in several studies of other crustacean
species such as Penaeus monodon larvae which
were given the probiotic SKT-b (Widanarni et
al., 2008; Widanarni et al., 2013), L. vannamei
and L. stylirostris which were given the
probiotic Bacillus spp. (Decamp et al., 2008),
and L. vannamei larvae which were given
microencapsulated probiotic (Nimrat et al.,
2011). The probiotics administered through
artemia could increase the bacterial population
in the intestines and are also suspected to have
improved digestive enzyme activity. This is in
line with the results of the study by Widanarni e?

al. (2003) who had proven that the probiotic
SKT-b could produce amylase and protease
enzymes, increasing the digestibility of artemia
and, as a result, improve shrimp larvae growth.

Application of the synbiotic resulted in
better larval growth. This is assumed to be due
to the synergistic effect of the joint adminis-
tration of the prebiotic and probiotic, increasing
the activity of the intestinal microflora. The
increase of microflora activity was the result of
the prebiotic administered through feed which
could become a source of nutrients for the
intestinal bacteria. This could increase feed
digestibility which in turn would affect growth
(Merrifield et al., 2010). The results of this study
were in line with the study by Daniels et al.
(2010) who showed that the administration of a
synbiotic (the probiotic Bacillus spp. and the
prebiotic MOS) through artemia could improve
the growth of European lobsters larvae.

The administration of the prebiotic and
probiotic SKT-b could also improve the Pacific
white shrimp larvae survival rate. This is in line
with the results of the study by Daniels et al.
(2013) who showed that the administration of a
synbiotic (the probiotic Bacillus spp. and the
prebiotic MOS) through artemia could increase
the survival rate of European lobster larvae. The
highest survival rate in the synbiotic treatment is
presumed to be because the application of the
prebiotic and probiotic simultaneously would
improve the benefits of the two materials.
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The results of this study showed that the
highest total bacterial count and highest total
SKT-b Rf? were found in larvae treated with the
synbiotic. The administration of prebiotic
through artemia is postulated to stimulate the
growth of microflora besides the administered
probiotic in the digestive tract of the Pacific
white shrimp larvae, resulting in a higher total
bacterial count in the synbiotic treatment
compared to the other treatments. The adminis-
tration of synbiotics could improve the function
and increase the number of beneficial bacteria in
the intestines (Delgado et al., 2011). Similar
results were found by Daniels et al. (2010); the
administration of MOS to the larvae of European
lobster resulted in a more stable population of
gastrointestinal bacteria compared to treatments
without MOS.

The Pacific white shrimp used in this
study for stress test were good in their health
status. This has been proven by the zero
mortality rate in all treatments at hour 2 which
indicated good larval quality; the hatchery
standard operational procedure states that the
survival rate of health shrimp larvae in stress test
must have a value of >95%. The application of
prebiotics, probiotics and synbiotics could
increase the shrimp’s stress tolerance. In this
study, a higher tolerance to 200 ppm formalin
was found in larvae treated with the synbiotic.
This is assumed due to the synbiotic ability to
maintain the shrimp physiological condition to
survive in environmental changes. Liu et al
(2010) reported that the administration of the
probiotic Bacillus subtilis E20 in Pacific white
shrimp post-larvae could highly increase
tolerance to freshwater and 60 ppt seawater.

CONCLUSION

The application of the prebiotic, probiotic
and synbiotic via artemia could increase the
survival rate, growth rate, and tolerance to
formalin in Pacific white shrimp larvae. The
application of the synbiotic is more effective
with the highest survival rate (41.50+3.61%) and
daily growth rate (17.55+0.65%) and the lowest
mortality rate (38.33+£10.41%) when exposed to
formalin as a stressor.
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