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Abstract

Probiotic supplementation of live microorganisms in aquaculture aids in preventing disease,
thereby increasing production and decreasing economic loss. In the present study,
Streptomyces cells were incorporated in Penaeus monodon (Fabricius) laboratory culture for 25
days. Streptomyces was inoculated into the feed in different concentrations (0, 2.5, 5.0, 7.5, and
10.0 g/kg feed) on days 1, 10, and 20. Growth was monitored on days 5, 15, and 25.
Experimental culture tanks provided with Streptomyces had better water quality parameters than
the control tank. At the cell concentration of 10 g, the pH was 7.9, ammonia 0.00067 ppm, nitrate
0.00285 ppm, phosphate 0.00224 ppm, silicate 0.00836 ppm, total heterotrophic bacteria 3.279
x 105 CFU/ml, and total Vibrio 0.2 x 102 CFU/ml. Growth increased as the Streptomyces cell con-
centration increased. At 10 g concentration, growth in length and weight was 15.79% and
57.97%, respectively, and the interval between molts was 12.5 days.

Introduction

The black tiger shrimp, Penaeus monodon, is
the most widely cultured species in India but
the rapid development of shrimp aquaculture
received a temporary setback due to the out-
break of a disease in the early 1990s (Fast
and Menasveta, 2000). This happened
because of indiscriminate use of antibiotics
and drugs which resulted in the development

of resistance among pathogenic microorgan-
isms (Karunasagar et al., 1994; Lee et al,,
1996) and water pollution by ammonia and
other toxic substances (Jeyasekaran et al.,
2003). Antibiotic residues in shrimps are
regarded as hazardous for human health.
Hence, the search for a permanent solution
led to the study of beneficial microorganisms

* Corresponding author. Tel.: +91-4144-243223/070 ext. 220, e-mail: surajit@myself.com



Streptomyces as a probiotic in Penaeus monodon culture 199

or ‘probiotics’ to keep the pond environment
clean and maintain water parameters within
optimal ranges.

Probiotics applied through feed beneficial-
ly act upon shrimp growth, ultimately increas-
ing production. Palaniselvam and Kathiresan
(1998) found that a cyanobacterium feed
enhanced the gross growth efficiency and net
growth efficiency, however, it reduced con-
sumption, production, growth rate, assimila-
tion, and metabolism.

Actinomycetes are gram-positive organ-
isms with a high G+C (>55%) content in their
DNA. The Streptomyces genus is very com-
mon in marine environments. Marine actino-
mycetes, especially Streptomyces, have long
been considered chemical factories for antibi-
otic production (Okazaki and Okami, 1972;
Ellaiah and Reddy, 1987). However, reports
are scanty on the application of actino-
mycetes as probiotics in aquaculture.
Probiotics are being used extensively in
shrimp culture but imported formulations are
costly. There is a need to find effective and
cheaper alternatives. Hence, in the present
study the efficacy of Streptomyces as a probi-
otic in the laboratory culture of P. monodon
(Fabricius) was evaluated.

Materials and Methods
Experimental animals. Post larvae (PL 20) of
P. monodon were procured from the hatchery
and it was ensured that the seeds were free
from any disease. Prior to stocking, the post
larvae were measured for total length and
weight. Twenty-five individuals were stocked
per tank in five 40-I plastic tanks containing 35
| filtered estuarine water (salinity 25-30%o) with
proper aeration.

Actinomycetes isolation. Sediment sam-
ples were collected from the Vellar estuary on
the southeast coast of India (11°29'N,
79°46’E). After two-fold dilutions, 0.5 ml
aliquots of the samples were plated onto
starch-casein agar medium (Hi-Media,
Mumbai, India) supplemented with nystatin
and cyclohexamide at 25 pg/ml and 10 pg/ml,
respectively, to minimize contamination with
fungi and 10 pg nalidixic acid/ml to minimize
bacterial growth (Ravel et al., 1998). The

plates were incubated for one week at
30+0.2°C and actinomycetes colonies were
characterized by their distinctive powdery
appearance (Kokare et al., 2004).

Single colonies were picked up and puri-
fied by successive restreaking and identified
as Streptomyces sp. by cell wall amino acids
and whole cell sugar analyses (Lechevalier
and Lechevalier, 1970). The strain was inocu-
lated in 50 ml of starch casein broth in an
Erlenmeyer flask and incubated at room tem-
perature. The Streptomyces grew as a mat on
the surface of the broth (non-motile form). The
mat was harvested after one week, oven dried
(40£0.5°C for 5 days), ground, and incorpo-
rated into the starter feed at different concen-
trations (2.5, 5.0, 7.5, or 10.0 g per kg feed)
using egg albumin as a binder (Gopalakannan
et al., 2004). The inoculation was made twice
a day (morning and evening) on days 1, 10,
and 20 of culture.

Maintenance. Every morning, up to 20%
of the water was exchanged. Feed was given
at 6-9% of the body weight, twice a day, half
at dawn (6:00) and half at dusk (18:00).
Water temperature was measured daily
using a Celsius thermometer. The salinity
(ppt) of each tank was recorded daily using a
hand refractometer (ATAGO, S/m11, Japan)
after changing the water. The pH of the water
was measured daily using a pH meter.
Dissolved oxygen was estimated by the mod-
ified Winkler's method described by
Strickland and Parsons (1972) after collect-
ing water samples in a BOD bottle.
Ammonia, nitrate, phosphate, and silicate
were estimated following the method of
Strickland and Parsons (1972).

Microbial evaluation. The microbial popu-
lation in the tank and shrimp growth were
evaluated on days 5, 15, and 25. Water sam-
ples were serially diluted and spread on
Zobell's marine agar medium (Hi-Media,
Mumbai, India) for total heterotrophic bacteria
count and TCBS medium (Hi-Media, Mumbai,
India) for total Vibrio count. A few shrimp from
each tank were sacrificed on day 25 for exam-
ination of their gut microflora.

Growth. Growth was determined by the dif-
ference between the initial and final length-
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weights. Correlation coefficient values were
calculated with cell concentrations and water
quality parameters in the treated tanks. F val-
ues (ANOVA) were calculated to compare the
growth (length, weight, and intermolt duration)
between the control and each probiotic group
and a t test was carried out to compare growth.

Results

Water quality parameters are given in Table 1.
The temperature varied 27-31°C and there
were no significant differences between tanks.
There were no significant differences between
tanks in salinity or dissolved oxygen level but
the pH varied greatly between the control and
the experimental tanks. In the control it
ranged 6.9-7, in most of the experimental
tanks 7.0-7.9, and in the 10.0 g treatment 7.5-
8.5. The pH increased with the increase in cell
concentration and the correlation coefficient
value between Streptomyces cell concentra-
tion and pH was highly significant (r = 0.9583;
p<0.005).

There were differences in ammonia level
between the control and the experimental
tanks and a significant negative correlation
with the probiotics concentration (r = - 0.9632;
p<0.001). In the control tank, the nitrate value
decreased from 0.00025 to 0.00019 ppm but in
the experimental tanks the average nitrate
level increased significantly (r = 0.9862;
p<0.001) with the increase in probiotic concen-
tration. The phosphate concentration ranged
from 0.00043 to 0.00224 in the experimental
tanks (r = 0.9919; p<0.001) while it increased
from 0.00018 to 0.00054 ppm in the control. A
similar trend occurred in the silicate level.
There was only a trace in the control while it
increased from 0.00136 to 0.00836 ppm in the
experimental tanks, significantly and positively
correlated with the Streptomyces cell concen-
tration (r = 0.9695; p<0.001).

With time, the total heterotrophic bacteria
count dropped in the control tank and rose in
the experimental tanks. The correlation
between the increase in the experimental tanks
and the increase in probiotic concentration was
highly significant (r = 0.9468; p<0.001). In con-
trast, the total Vibrio count rose in the control
tank and dropped in the experimental tanks.

The correlation between the decrease in Vibrio
population and the increase of cell supplement
was highly significant (r = -0.9898; p<0.001).
Actinomycetes colonies were isolated after 25
days from all the experimental tanks but not
from the control tank.

Growth in terms of length and weight was
greater in the experimental tanks than in the
control and it increased with the increase in
Streptomyces cell concentration (Table 2).
The length and weight increased significantly
above the control in the 7.5 g treatment (one-
way ANOVA,; Frength = 6.072, Fweignt = 6.060;
Ferit = 5.987; p<0.05) and 10.0 g treatment
(FLength = 7.121, Fweight = 6.876, Ferit = 5.987,
p<0.05), but not in the 2.5 and 5.0 g treat-
ments. The animals in the experimental tanks
molted sooner than those in the control. t val-
ues showed that growth of animals in the 10 g
treatment was significantly greater in length
(59.13; p<0.001) and weight (16.35; p<0.001)
and that the intermolt duration in animals in
the 10 g treatment was significantly shorter
(10.21; p<0.001) than in control animals.

Discussion

Water quality plays an important role in aqua-
culture production. Water quality deteriorates
during culture mainly due to the accumulation
of metabolic wastes of living organisms,
decomposition of unutilized feed, and decay
of biotic materials. Changes in water quality
can influence survival of organisms as they
become vulnerable to disease. But addition of
beneficial bacteria as probiotics helps main-
tain water quality, thereby improving survival
and growth.

Dissolved oxygen in the culture medium is
an important factor not only for the respiration
of aquatic organisms but also to maintain a
favorable chemical and hygienic environment
in the water body. Therefore, the tanks were
continuously aerated during the study and the
oxygen level did not vary significantly
between the control and experimental tanks.
A similar result was reported by Sharma and
Bhukhar (2000) who investigated the impact
of a commercial probiotic on common carp.

The pH of the culture medium plays an
important role on the organisms. It changes
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Table 2. Growth of Penaeus monodon with different concentrations of Streptomyces (n = 25).

Streptomyces culture concentration (g/kg feed)

Parameter Control (no Streptomyces)

25 5.0 7.5 10.0
Initial avg length (mm) 10.78 10.75 10.72 10.70 10.76
Final avg length (mm) 11.22 11.40 11.63 11.86 12.46
Length gain (mm) 0.44 0.65 0.91 1.16 1.70
Growth in length (%) 4.08 6.04 8.48 10.84 15.79
Initial avg wt (g) 1.013 1.011 1.000 1.001 1.004
Final avg wt (g) 1.345 1.389 1.412 1.497 1.586
Wt gain (g) 0.332 0.378 0.412 0.496 0.582
Growth in wt (%) 32.77 37.39 41.20 49.55 57.97
Intermolt duration,

days (meanzSD) 15.5+1.213 15.2+1.024 14.5+0.980 13.7+0.817 12.5+0.834

Survival (%) 72 80 80 88 92

with the accumulation of residual feed, dead
shells, and excreta. The toxicity of ammonia is
pH-linked. In the present study, the pH
increased during the experiment to the
required range of 7.5-8.5 in the 10.0 g treat-
ment as probiotics can control acidity
(Sambasivam et al., 2003). Thus, Strepto-
myces was helpful in maintaining the pH at
the desired level.

Ammonia is the main end product of pro-
tein catabolism in aerobic conditions. Nitrate
is reduced to ammonia in anaerobic condi-
tions. The ammonia level should be less than
1 ppm in the culture medium. In both control
and experimental tanks, the ammonia level
was below this mark. However, there was a
build-up of ammonia in the control tank as the
experiment progressed while the ammonia
level dropped in the experimental tanks as the
cell concentration increased. Microorganisms
can convert ammonia into nitrate by nitrifica-
tion through the intermediary product nitrite.
This was corroborated by the increases in the
nitrate level in the experimental tanks during
the course of the experiment.

Microorganisms are unavoidable in the cul-
ture system. They have beneficial as well as
detrimental effects. In aquaculture systems,
total heterotrophic bacteria play a significant
role through mineralization and decomposition
of wastes and provide supplementary feed for
shrimp larvae (Sunilkumar, 1996) whereas
Vibrio, the natural microflora of shrimp
(Lightner, 1993), can cause disease and mass
mortality. In the present study, total het-
erotrophic bacteria increased as the probiotic
cell concentration increased and decreased in
the control tank as the experiment progressed.
In contrast, the Vibrio load decreased with the
increase of cell concentration and increased in
the control tank. Prabhu et al. (1999), Dalmin
et al. (2001), and Moriarty (1998) reported the
same trends in total heterotrophic bacteria and
Vibrio when a bacterial probiont was applied in
shrimp culture ponds.

Reports on controlling Vibrio in aquacul-
ture by applying actinomycetes are meager.
In the present study, the Vibrio count
decreased as the Streptomyces cell concen-
tration increased, possibly due to antagonism
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of Streptomyces sp. towards Vibrio spp. The
marine Streptomyces can produce antibiotics
in vitro which inhibit the growth of the human
pathogenic Vibrio cholerae (Balagurunathan,
1992; Siva Kumar, 2001) and the finfish and
shellfish pathogen Vibrio spp. (Dhevendaran
and Annie, 1999). From the present study it is
postulated that marine Streptomyces may
produce antibiotics that prevent the shrimp
pathogenic Vibrio in the culture system.

Growth is closely associated with molting
in crustaceans. Growth is a continuous
process for crustaceans, interrupted only by
molting periods. In optimum environmental
conditions, crustaceans grow and molt quick-
ly. In the present study, the probiotic improved
the water quality. Animals molted significantly
faster in the experimental tanks than in the
control (t test; p<0.001). The increased growth
in terms of length and weight was also statis-
tically significant (t test; p<0.001) and can be
attributed to improvement of the water quality
by the probiotic, as reported by Rengpipat et
al. (2003) with the bacterial probiont Bacillus.
The significant variation of shrimp growth
between the cell concentrations 7.5 g and
10.0 g (ANOVA,; p<0.05) supports the efficacy
of the Streptomyces strain in the present
experiment. Beside its antagonism towards
Vibrio, its growth enhancement factor may be
due to the proteolytic enzyme produced by
probiont actinomycetes as in the case of the
Bacillus probiont (Rengpipat et al., 1998). The
enzymatic activities of Streptomyces were
reported by Shyng Yang and Yi Wang (1999),
Ranjekar and Sridhar (2002), Ellaiah et al.
(2002, 2004). Actinomycetes were present in
the gut of animals from all experimental tanks.
Thus, the actinomycetes cells applied to the
feed reached the intestine of the animals and
improved their health.

This study clearly showed that Streptomyces
supplementation improved the growth, survival,
and disease resistance of the black tiger shrimp,
P. monodon. Above all, it could be effective in
controlling the pathogenic Vibrio in shrimp cul-
ture. All the beneficial influences of probiotics
discussed here indicate that Streptomyces pro-
bionts are going to play an important role in
aquaculture, especially in shrimp culture, in the

near future, especially against the backdrop of
an increasing number of antibiotic-resistant bac-
teria, frequent disease outbreaks, and cost
effectiveness.
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