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Currently, antibiotics are widely used in shrimp hatcheries to
control bacterial infections. Appearance of antibiotic resistant
pathogens and restriction on the use of antibiotics have led to the
development of alternatives to antibiotics in hatchery systems. In
light of this, an attempt was undertaken to investigate the effects
of probiotics on the larval rearing of Penaeus monodon, compared
with the control tanks (without probiotics). The results showed
that several issues significantly improved with administering
probiotics in the experimental tanks compared with the tanks
without probiotics. For example, the concentration of ammonia
was estimated to be 1.25 mg/L which was less than a half of what
was measured in the control tanks. The size variation was ob-
served more in the control tanks than in the experimental tanks.
Moreover, the muscle gut ratio of PL,; was about 85 to 92% in
the probiotic treated tank and 70 to 80% in the control tank dur-
ing the eight cycles of production. The fouling organisms were
more in the control tank compared to the experimental tanks.

Keywords: The average length of PL , was maximum when reared in the
Probiotics experimental tanks compared to the control tanks. The final sur-
Shrimp health vival rate of PL , from the control and experimental tank was 35
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and 52%, respectively. The present investigation indicated that
probiotics played an important role in the growth, survival and
health status of P. monodon larvae.

INTRODUCTION

The decline of global shrimp production along with
the outbreak of different diseases, causing mass
mortalities of shrimps in hatcheries (Lavilla-Pitogo
et al., 1990; Jiravanichpaisal and Miyazaki, 1994;
Karunasagar et al., 1994), has led to the indiscrimi-
nate use of antibiotics and a variety of other disin-
fectants (Aftabuddin and Kader, 2006; Walker and
Mohan, 2009; Boonthai et al., 2011). Consequently,
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the shrimp industry is frequented by multiple drug-
resistant bacteria such as Aeromonas hydrophila, A.
salmonicida, Edwardsiella tarda, E. ictaluri, Vibrio an-
guillarum, V. salmonicida, Pasteurella piscida, Yersinia
ruckeri (De Paola et al., 1995; Weston, 1996; Cabello,
2006) which are becoming increasingly difficult to
control and eradicate (Vine et al., 2006). As some of
the antimicrobial agents have been banned in some
countries (Robert et al., 1995; FAO, 2002) consider-
ing the threat to environment and human health
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(Samuelsen et al., 1992; Graslund et al., 2002), probi-
otics, including Bacillus spp., have been recognized
as an alternative and beneficial method of controlling
the microbial environment (Ringe and Gatesoupe,
1998; Gatesoupe, 1999; Ringo and Birkbeck, 1999;
Verschuere et al., 2000, Irianto and Austin, 2002).

A number of studies have focused on the use of
Bacillus spp. in shrimp industry as a useful probi-
otic (Wang, 2007; Far et al., 2009; Zhou et al., 2009;
Sundarapandian and Babu, 2010), which may in-
crease P. monodon productivity and improve water
quality by decreasing the concentration of ammo-
nia and nitrite (Shariff et al., 2001) and by increasing
dissolved oxygen (Wang et al., 2005). Moreover, the
Bacillus spp. have the ability to potentially inhibit
Vibrio spp. in shrimp culture facilities (Rengipipat
et al., 1998; Moriarty, 1999; Gatesoupe, 1999). Based
on the previous study on probiotics, it is evident
that probiotics have good ability to stimulate appe-
tite, improve the nutrient absorption and strength-
en the host immunity. Therefore, the present study
was undertaken to examine the effect of commercial
probiotics on the growth, survival and water qual-
ity of hatchery reared seed of black tiger shrimp, P
monodon in Bangladesh.

MATERIALS AND METHODS

The present investigation was carried out at the
Prime Shrimp Hatchery Limited, located on the
southeastern coast of Bangladesh (Fig 1) during
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Fig 1. Location of the investigated hatchery at Kolatoly,
Cox’s Bazar (star in the map)

April 2009-March 2011. Over the last decade, the
hatchery, having state-of-the-art facilities, has been
producing around 400-500 million of P. monodon
seeds per year in its 5 production units.

Larval rearing operation

Five larval rearing tanks (30 ton capacity) were
filled with 25 ton UV treated seawater. Three tanks
were kept as experimental tanks treated with pro-
biotics and another two were kept as control tanks.
Both experimental and control tanks were inocu-
lated with 10 ppm EDTA and 0.05 ppm treflan
(fungicide) two hours before stocking. Just before
stocking, algae (Skeletonema sp.) were added to the
tanks at a density of 100,000 cells/ml. The tank wa-
ter was sufficiently aerated throughout the culture
operation. The nauplii (N, /N,) were harvested from
the hatching tanks and were released into the larval
rearing tanks (LRT) slowly in small quantities at dif-
ferent points of the control tank at 100,000 nauplii/
ton. The similar procedure was applied while stock-
ing the experimental tanks, except prior to stock-
ing, they were inoculated with 0.5 ppm probiotics
top 10 (containing Lactobacillus acidophilus, Bacillus
spp. and Saccharomyces cerevisiae). Each experiment
was carried out once in each cycle, continuing up to
eight cycles.

Twenty four hours after stocking, the nauplii
converted into protozoea I (called zoea I) stage.
First feeding was started when the zoea I appeared.
The zoeal stages (I to III) were fed with Skeletonema
sp. thrice daily both in the control and in the experi-
mental tanks. The mysis stages (I to III) were fed
with algae at a density of 4 x 10° cells/ml both in the
control and in the experimental tanks. In addition
to algae, mysis stages were fed with commercially
available microencapsulated feed like CAR, CD-2
etc. three times a day. These were supplemented
with 1 ppm of probiotic mysis stages in the experi-
mental tanks. Newly hatched Artemia nauplii were
also given as a live feed in mysis III stage. Post lar-
val stages were fed exclusively with freshly hatched
live Artemia nauplii at 4 individuals per PL (nos. of
Artemia increased with PL onwards) and artificial
feed shrimp flakes three times a day. Probiotics top
10 was also added at 1.5 ppm daily in the experi-
mental tanks with PL.

Continuous aeration was maintained at a level
appropriate for each larval stages to provide suf-
ficient oxygen and to keep feed and larvae in sus-
pension. Siphoning was done routinely (daily from
mysis stage onwards) to clean the unconsumed
food and fecal materials on the tank bottom. Water
exchange was done from the mysis IIl stage on-
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wards using mesh size of 0.5 mm and reducing
50% of the water. Once post larvae appeared, salin-
ity was reduced slowly and maintained to 20 ppt.
Microbiological analysis was done routinely (using
TCBS and/or Marine agar) to assess the evolution of
the bacterial populations in each tank.

The water quality parameters of the probiotic
and control tanks were regularly monitored. Water
quality parameters such as salinity, temperature,
pH, dissolved oxygen and ammonia were estimat-
ed daily in the morning hours. Water salinity was
measured by using a hand refractometer (ATAGO,
Japan). The pH of the water was measured by using
electronic pen pH meter manufactured by Hanna
Instrumental Company (Singapore). Water temper-
ature was measured by using a digital thermometer
(DT801, China). Dissolved oxygen (mg/L), alkalin-
ity (ppm) and ammonia (mg/L) were measured by
HANNA instruments products, Singapore, Model
no. HI 3810, HI 3811 and HI 3826, respectively.

Total length and size variation

To know the size variation, the length of 50 postlar-
vae were measured individually. The mean length
and standard deviation was calculated according to
Madhukiran et al. (2009).

Muscle gut ratio (MGR)

A microscopic examination of the relative thickness
of ventral abdominal muscle and the gut in the 6th
abdominal segment of the tail of the post larvae
was conducted to determine the muscle to gut ratio
(Madhukiran et al., 2009). To know the MGR at least
20 PL,, were examined, indicating the nutritional
status of the shrimp. High muscle to gut ratio (4:1)
was preferable.

Stress test

A stress test was conducted once they reached PL, ..
Randomly selected sample of about 100 individuals
were taken in a beaker containing rearing water salin-
ity with 20 ppm formalin (0.2 ml/L) and allowed for
60 minutes. After 60 minutes, the PL that were still
active or which moved when prodded with a needle
were counted as a percentage of survival, following
the formula: survival (%) = (no. active PL/total PL in
beaker) x 100.

Fouling organisms

Randomly selected PL , . of about 50 individuals

were examined by a compound microscope to ob-
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serve any fouling organisms attached with the PL
(Madhukiran et al., 2009). The percentage of fouling
was calculated following the formula: fouling (%) =
(no. of PL attached with fouling organisms/total no.
of PL counted during the observation) x 100.

Monodonbaculo virus (MBV)

Baculoviruses were detected in whole or
squashed (stained with malachite green for
Monodonbaculovirus) preparations of hepatopan-
creas or fecal strands from larger-sized larvae, using
a high powered light microscope to spot the charac-
teristic viral occlusion bodies (Lightner, 1996).

Test for WSSV

WSSV test was performed by IQ Plus system,
which was a new technology based on insulated
isothermal PCR that was a compact and portable
system. The instrument could detect WSSV within
1 hour. The extraction procedure and others were
performed according to the instruction manual of
IQ Plus system, GeneReach Biotechnology Corp.
Taiwan.

RESULTS AND DISCUSSION

The percentage of survival rate of P. monodon lar-
vae of various stages are given in Table 1. The result
showed that the survival rate of the nauplii exhib-
ited similar trend both in the control and experi-
mental tanks. The survival rate of Zoea 1 stage in
the probiotic treated tanks (PTTs) and control tanks
(CTs) was 90% and 80%, respectively. The survival
rate of the mysis was maximum (81%) in PTTs and
minimum in CTs (66%). The survival rate of all the
post larval stages (PL,- PL,,) was higher in PTTs than
that of the CTs (Table 1). The survival rate of the
PL,; stage in PTTs was 52%, while it was only 35%
in the control. The findings of present investigation
accorded closely with the works of Krishnaprakash
et al. (2009) and Soundarapandian and Babu (2010).

Table 1. Percentage of larval survival (average
percentage calculated by 8 cycles)

Stages % survival in % survival in probiotic
control tank treated tank (PTT)
Zoeal 80 90
Mysis 1 66 81
PL, 50 72
PL, 44 64
PL,, 40 56
PL . 35 52
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Table 2. Health status of P. monodon post larvae during
the investigation period (April 2009-March 2011, 8
production cycles)

Production @
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Cycle 1

Control tank 17 72 80 25 - -

Experimental 11 85 90 12 - - -

tank

Cycle 2

Control tank 20 70 80 30 + - -

Experimental 11 85 95 15 - - -

tank

Cycle 3

Controltank 15 75 82 20 - - -

Experimental 11 85 95 10 - - -

tank

Cycle 4

Control tank 16 8 8 25 - - -

Experimental 125 90 95 12 - - -

tank

Cycle 5

Control tank 20 78 75 30 + - -

Experimental 10 92 96 15 - - -

tank

Cycle 6

Control tank 25 75 73 30 + - -

Experimental 15 88 90 15 + - -
tank

Cycle 7

Control tank 14 76 78 28 - - -
Experimental 10 90 96 10 - - -
tank

Cycle 8

Control tank 20 80 73

Experimental 12 92 90 15 - - -
tank

Table 2 demonstrates the various health check
assessment of P. monodon post larvae. The percent-
age of size variation was low in PTTs, compared to
CTs. In PL,,, the muscle gut ratio was about 85 to
92% in PTTs and 70 to 80% in CTs during the eight
cycles of production. This implied that the intake
of feed in CTs was lower than that of the PTTs. This
was due to high stress, which was substantiated
by the works of Krishnaprakash et al. (2009), stat-
ing that in PL , the muscle gut ratio was 98% in
the experimental tanks (with probiotics containing

Table 3.The average length of P. monodon post larvae
reared in both control and experimental tanks

Stages Length (mm)
Control tank (n=20) Probiotic treated
tanks(n=20)

Cycle 1

PL, 4.78+1.2 5.38+0.5
PL, 5.68+0.8 6.83+0.5
PL,, 7.98+0.4 8.84+0.2
PL,, 9.84+0.5 11.80+0.2
Cycle 2

PL, 4.68+1.0 5.48+0.5
PL, 5.78+0.6 6.90+0.6
PL,, 7.70+0.3 8.75+0.2
PL,. 9.40+0.4 11.40+0.4
Cycle 3

PL, 5.00+0.8 5.38+0.2
PL, 5.80+0.6 7.83+0.4
PL,, 8.0+0.5 9.84+0.2
PL,, 10.02+0.4 11.81+0.5
Cycle 4

PL, 5.10+0.6 5.38+0.3
PL, 5.90+0.6 7.85+0.4
PL,, 7.90+0.5 9.85+0.5
PL,, 9.82+0.4 11.48+0.6
Cycle 5

PL, 4.90+0.5 5.28+0.4
PL; 5.70+0.6 7.76x0.3
PL,, 7.75+0.6 9.72+0.5
PL,, 9.58+0.5 11.35+0.6
Cycle 6

PL, 4.82+0.3 5.25+0.4
PL, 5.60+0.4 7.65+0.3
PL,, 7.63+0.4 9.60+0.4
PL,, 9.45+0.4 11.25+0.3
Cycle7

PL, 4.98+0.4 5.48+0.4
PL, 5.80+0.5 7.80+0.2
PL,, 7.85+0.4 9.82+0.3
PL,, 9.88+0.5 11.65+0.3
Cycle 8

PL, 4.92+0.5 5.38+0.4
PL, 5.78+0.6 7.72+0.3
PL,, 7.75+0.6 9.75+0.5
PL 9.68+0.5 11.38+0.4
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Bacillus sp. and Streptococcus spp.) and 75% in the
control tanks.

The fouling organisms were more in the control
tanks than in the experimental tanks. Fouling or-
ganisms, like filamentous bacteria and Zoothamium
spp., might be commonly seen in the hatcheries,
causing less harm to the shrimps than other diseas-
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es. The minimum damage to the shrimps due to the
presence of fouling organisms might be attributed
to the moulting process. In some cases, they spread
all over the tanks, subjected to the chemical treat-
ment with 10-25 ppm Formalin. The percentage of
fouling organisms in the probiotic treated tanks
ranged from 10-12, whereas in the control tanks, it
fluctuated from 20-30 during all production cycles.

The average length of all post larvae (PL,-PL,,)
was maximum when reared in the experimen-
tal tanks compared to the control tanks (Table 3).
At PL,, the total length of the larvae ranged from
12.12 to 11.22 mm in the antibiotic treated tank
(ATT) and 11.81 to 11.25 mm in PTT; whereas in
the control tank, it ranged from 10.02 to 9.40 mm.
Krishnaprakash et al. (2009) found that during PL ,,
PL,, and PL, stages, total lengths of the larvae in
the experimental tanks were 11.68 mm, 11.98 mm
and 12.17 mm, respectively, whereas in the control
tank, the growth rates were 11.05 mm, 11.38 mm
and 11.79 mm, respectively, which was in close
agreement with the present investigation. All tanks
were free from Monodon Baculu Virus and White
Spot Syndrome Virus disease.

Water quality parameters

Water quality parameters, namely temperature (°C),
salinity (ppt), pH, dissolved oxygen (mg/L), ammonia
(mg/L) and alkalinity (ppm), are shown in Table 4.

Water temperature was probably the most impor-
tant environmental variable for larval rearing of P. mon-
odon because it directly affected metabolism, oxygen
consumption, growth, moulting and survival. The op-
timum range of temperature for the black tiger shrimp
larval rearing is between 28 to 32 °C (Kannupandi et
al,, 2002), which coincided with the present investiga-
tion showing a range from 29 °C - 30 °C. There was no
marked difference in temperature between the control
and experimental tanks.

P. monodon can tolerate a wide range of salin-
ity. For a shrimp hatchery, the recommended sa-
linity range is 28-35 ppt (Kannupandi et al., 2002).
In the present study, salinity was maintained at
29-31 ppt for both control and experimental tanks.
Krishnaprakash (2007) also reported almost similar
salinity (31 ppt) for the larval rearing of P. monodon.

In the present study, the pH level was lower
in the control tank (6.4-6.8) which was in congru-
ence with the Law (1988), demonstrating that P.
monodon could tolerate pH down to 6.0 to 6.5. On
the other hand, in the experimental tanks, pH
was considerably high (7.8-8.3), which conformed
with the findings of Kannupandi et al. (2002) and
Krishnaprakash (2007), stating that the suitable pH
for the shrimp larval culture ranged from 8.2-8.5.
The results indicated that probiotics maintained a
desired level of pH in the experimental tanks.

In the present study, the maximum dissolved
oxygen (DO) content in the experimental tank was
4.8 mg/L and in the control tank it was 4.2 mg/L,
which was in close agreement with the works of
Liao and Murai (1986), Krishnaprakash (2007),
Krishnaprakash et al. (2009). Surfacing response
was first observed when DO reached 1.5-2.1 mg/L.
Oxygen levels in the culture tanks were maintained
in the desired range by aeration. Continuous aera-
tion was done during the present investigation and
therefore the oxygen level did not vary significantly
between the control and experimental tanks.

Ammonia exists in water in both ionized (NH,+)
and unionized (NH,) forms. Unionized ammo-
nia is considered a more toxic form of ammonia
due to its ability to diffuse readily across the cell
membrane (Fromm and Gillette, 1968; Emerson et
al.,, 1975). In the present study the higher concen-
tration of ammonia (2.5 mg/L) was observed in the
control tank and in the probiotic tank it was 1.25
mg/L, which agreed with the results (0-2.1 ppm) of
Krishnaprakash (2007) and disagreed with that of

Table 4. Recorded water quality parameters for both control and probiotic treated tanks

Temp (°C) Salinity (ppt) pH DO (mg/L) Al(l; apli::)l ty NH,(ppm)
Cycle CT PTT CT PTT CT PTT CT PTT CT PTT CT PTT
1 29 29.5 30 30.5 6.5 8.1 4 3.9 135 150 1.8 1
2 30 29.5 31 30 6.8 8 3.9 4 132 155 1.45 0.9
3 29.5 30 29 30 6.55 7.9 4.2 4.8 125 150 1.65 0.95
4 29 29.5 30 30.5 6.5 8 4 4.02 135 140 1.55 1.1
5 29.5 29 30.5 30.5 6.4 7.9 4.1 4.5 128 150 1.9 1.2
6 29 29.5 31 30.5 6.6 7.8 3.9 4.3 125 145 2.5 1.25
7 30 29.5 29 30 6.7 8.2 4.1 4 135 150 1.7 1
8 30 30 29.5 30 6.5 8.3 3.9 3.8 128 155 2.1 0.95

CT=control tank, PTT=probiotic treated tank
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Das et al. (1996). The alkalinity of both control and
experimental tanks ranged from 125-135 ppm and
140-155 ppm, respectively, which was approximat-
ed to the values of 140-160 ppm in the larval rearing
tank, reported by Krishnaprakash (2007).

Sazetak

PROBIOTICI U PROIZVODNJI POTOMSTVA
TIGRASTE KOZICE (Penaeus monodon)

U mrijestiliStima kozica trenutno je vrlo rasprostra-
njena upotreba antibiotika za sprecavanje bakterij-
skih infekcija. Pojavom otpornih patogenih svojstva
antibiotika i ogranicenja njihove upotrebe, razvili
su se drugi nacini sprecavanja infekcija patogeni-
ma u mrijestilistima. Sukladno tome je provedeno
istrazivanje ucinkovitosti probiotika u uzgoju li¢in-
ki Penaeus monodon te su dobiveni rezultati uspore-
deni s onima iz kontrolnih spremnika bez probioti-
ka. Rezultati su pokazali znatno unapredenje nekih
odrednica uzgoja u eksperimentalnim spremnicima
s dodatkom probiotika (u odnosu na spremnike bez
probiotika). Primjerice, koncentracija amonijaka
procijenjena je na 1,25 mg/L, Sto je manje od polovi-
ce izmjerene vrijednosti u kontrolnim spremnicima.
Veca varijacija veli¢ine zabiljezena je u kontrolnim,
a manja u eksperimentalnim spremnicima. Stovise,
tijekom osam faza proizvodnje, omjer crijevnih mi-
Sica PL , bio je otprilike 85-92% u spremnicima s
probioticima, a 70-80% u kontrolnim spremnicima.
Obrastajnih organizama bilo je vise u kontrolnim
nego u eksperimentalnim spremnicima. Prosje¢na
duZina PL  bila je maksimalna za jedinke koje su
mrijeStene u eksperimentalnim spremnicima (u od-
nosu na kontrolne). Konacna stopa prezivljavanja
PL,; je 35% u kontrolnim i 52% u eksperimentalnim
spremnicima. Ovim istrazivanjem dokazana je vaz-
na uloga probiotika u rastu, prezivljavanju i odrza-
vanju zdravlja li¢inki P. monodon.

Kljucne rijeci: probiotici, zdravlje kozica, Penaeus
monodon, proizvodnja potomstva, Banglades
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