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Application of bioflocs technology and probiotics hasimproved water quality and production of Pacific white
shrimp (Litopenaeusvannamei) culture. Thisexperiment wasto verify the effect of probiotic bacteria addition and
different carbon:nitrogen (C:N) ratio on water quality and perfor mance of Pacific white shrimp nursery culture.
Nursery culturewas carried out for 25 daysin an aquarium under laboratory condition with stock density of one
Post-Larvae (PL) (poslarval) per liter (24 PL/aquarium) of PL 16 shrimp. Different C:N ratio resulted a significant
difference on shrimp production performance. Treatment of 10 C:N ratio demonstrated the best shrimp growth
(20.37 + 0.48% per day in weight and 6.05 + 0.41% per day in length), harvesting yield (1180 + 62 g/m®) and feed
efficiency (121 + 6%). Therewas however no significant difference observed between treatmentsin water quality.
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INTRODUCTION

The State of World Fisheries and Aquaculture (FAO
2009) reported that shrimp was the largest commaodity in
term of value, it was 17% of the total value of
internationally-traded fishery productsin 2006. To meet
the demand of this aguaculture product, which continues
to increase as the global population increases, shrimp
aquaculture aretherefore should beincreased. The efforts
to enhance shrimp production aswell as other aquaculture
species are however constrained by several factors; one
of them is water quality management. Water quality
deterioration is one of the most common problems in
aquaculture that not only hindered directly the total
production but also generating other problemsindirectly
such as disease transmission.

Waste accumulation is commonly occurred in
aquaculture system, in particular intensive systemswhich
applying high density of cultured organism and high input
of feed. Crab et al. (2007) illustrated that one hectare of
intensive farm may produce organic waste as much as
23,000 |E (Inhabitant Equivalent). The types of wastes
produced in aquaculturefarmsare basically similar, which
are dominated by nitrogenous wastes. Differences are
usually found in the quality and quantity of waste
components which depend on the cultured species and
culture practices applied. Thewastesin aquaculturefarms
can be categorized as residual food and fecal matter,
metabolic by-products, residues of biocides and biostats,
fertilizer derived wastes, wastes produced during molting
and collapsing algal blooms (Sharma & Scheeno 1999in
Anthony & Philip 2006). Waste accumulation in
aquaculture system not only affects production itself but
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also may pollute the receiving water bodies when this
water is discharged without any further treatment.
Therefore water quality management is one important
point in aguaculture practices. Mc.Intosh et al. (2001)
proposed that there are several methods to reduce water
quality deteriorationin aquaculture system, i.e. (i) reducing
nutrient waste by improving feed quality and feeding
management; (ii) applying water treatment to reduce waste
discharged; and (iii) reducing water volume used for
aquaculture activities into zero or minimum water
exchange. Limited water volume used for aquaculturewill
resultintheaccumulation of organic matter insidethe system;
thereforethis practice should be done simultaneously with
water treatment to ensure that the water quality is
appropriate for the welfare of the cultured organisms.

Addition of organic carbon to stimulate the growth of
heterotrophic bacteria was found to be beneficial to
improvewater quality in aguaculture system (Avnimelech
1999, 2007; Hari et al. 2006; Crab et al. 2007, 2008; Azim &
Little 2008; de Schryver et al. 2008; de Schryver &
Verstraete 2009). At asufficient C:N ratio, heterotrophic
bacteriawill immobilize inorganic nitrogen, whichisthe
major waste nutrient in aguaculture, and convert it into
microbial biomass. Thismicrobial biomassunder certain
conditionswill form bioflocswhich further can be utilized
by the cultured organisms as supplemental feed. Hence,
overall nutrient utilization inthe systemwill be much more
efficient (Avnimelech 2007; Samocha et al. 2007; de
Schryver et al. 2008).

Probiotics application has been considered to have
beneficial effects on aquaculture production. Verschuere
et al. (2000) suggested that aprobioticisdefined asalive
microbial adjunct which hasabeneficial effect on the host
by modifying the host-associated or ambient microbial
community, by ensuring improved use of the feed or
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enhancing its nutritional value, by enhancing the host
response towards disease, or by improving the quality of
its ambient environment. Furthermore, the FAO defined
the development of affordable yet efficient vaccines, the
use of immunostimulants and nonspecific immune
enhancers, and the use of probiotics and bioaugmentation
for the improvement of aquatic environmental quality as
the major areas for further research in disease control in
aquaculture (Subasinghe 1997).

The objective of thisexperiment wasto verify theeffect
of probiotics bacteria addition and different C:N ratio on
water quality and production performance of Pacific white
shrimp (Litopenaeus vannamei) nursery culture.

MATERIALSAND METHODS

Experimental Treatmentsand Set-Up. Fifteen unitsof
aquaria (50 x 30 x 25 cm®) wererandomly assigned to five
treatments: without probiotics and molasses addition
(control), probiotics addition without molasses addition
(C:N 0), and three treatments with probiotics bacteriaand
molassesaddition with adifferent C:N ratio 10, 15, and 20.
Molasses (61.45% carbon) was added once a day based
on the calculation as described in Avnimelech (1999).
Probi otics bacteriamixture applied in this experiment was
i solates obtai ned from previous study (Pranoto 2007) and
added at the concentration of 108 CFU/ml every 5 days.
Prior to shrimp nursery culture, aquaria were washed,
dried, and filled with water. Calcium hypochlorite (60%
chlorine) was subsequently added with a dosage of
100 mg/l for 2 daysto sterilize the containers. Afterwards,
the water was discharged and the aquaria were
subsequently filled with 24 | of filtered seawater. Each
aquarium was equipped by aeration line to provide
sufficient dissolved oxygen (DO) level. Pacific white
shrimp (L. vannamei) postlarvae (PL 16) with an average
body weight of 15.39 + 2.31 mg and average length of
1.32 cmwas stocked at a density of 1 individual/l (equal
to 160 PL/m?). They werefed 5 timesaday with commercial
shrimp pellet containing 40% crude protein at arate based
on feeding program provided by the feed company. The
experiment was conducted for 25 dayswithout any water
replacement (zero water exchange).

In order to monitor water quality and shrimp production
performance, sampling was carried out every 5 days. Water
quality parameters observed were pH, temperature,
dissolved oxygen (DO), nitrite, nitrate, total ammonia
nitrogen (TAN), and total plate count. These parameters
were measured and determined following “Standard
Methods for examination of water and wastewater”
(APHA 1998). Whereas shrimp production performance
parameters such as survival, growth and feed efficiency
were analyzed at the end of the experiment. All datawere
further analyzed statistically using the one-way ANOVA
with SPSS statistical software.

RESULTS

Water Quality. Dissolved oxygen concentration
tended to decrease as C:N ratio increased. The highest
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DO concentration of each treatment was noted only on
theinitial day of culture, and tended to decrease onward
(Figure 1). The lowest mean of DO concentration was
observed in C:N 20 treatment whichwas 4.99 + 1.16 mg/|
(Table 1). Water pH of all treatments were not differed
significantly with arangeof 7.52-7.63 (Table 1). Therewas
however a tendency of pH declining observed in all
treatment over the culture period (Figure 2). No significant
differencewasobservedin TAN, nitrite-N, nitrate-N, and
ammonia-N concentrationsamongst treatments (Table 2).
Total plate count in water of all treatments tended to
increase in time (Figure 3). Although tended to fluctuate
in time, TAN and nitrite-nitrogen of all treatment at the
end of the experiment was higher than that observed on
theinitial day (Figure4).
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Figure 1. SGR in weight and length of Pacific white shrimp (L.

vannamei) in nursery culture with a different C:N ratio.
—1 SGR weight, -g- SGR length.
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Table 1. Mean, minimum and maximum value of pH and DO of
water in Pacific white shrimp (L. vannamei) nursery
culture with different C:N ratio

Treatment

Parameter pH
Min Max Mean + Stdev  Min

DO (mg/l)
Max Mean + Stdev

Control 7.34 7.92 752 + 0.22a 5.37 7.15 6.12 + 0.67a
C:INO 7.32 7.92 7.63 + 0.21a 4.56 7.15 5.69 + 1.04a
C:N10 7.35 7.92 7.55 + 0.21a 4.53 7.15 5.14 + 1.00a
C:N15 7.33 7.92 7.59 + 0.21a 3.84 7.15 5.00 + 1.19a
CIN20 7.37 7.92 759 + 0.20a 3.69 7.15 4.99 + 1.16a

Mean values in the same column with a different superscript are
differed significantly (P < 0.05).
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Figure 2. DO profile of water in Pacific white shrimp (L. vannamei)
nursery culture with different C:N ratio. — control, -~
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Figure 3. Total bacteria count in water in Pacific white shrimp (L.
vannamei) nursery culture with different C:N ratio. ——

control, /4 C/N 0, - C/N 10, -x- C/N 15, =—— C/N
20.
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Shrimp Production Performance. Shrimp survival,
growth, and feed efficiency at harvest are summarized in
Table 3. There was no significant difference in shrimp
survival with arange of 83-94%. However, there was a
tendency of lower survival when C:N ratio was morethan
10. Significant differences were observed on growth and
feed efficiency (P< 0.05), wheretreatment with C:N ratio
of 10 revealed the highest value of SGR both in length
and weight (6.05 9+ 0.41 and 20.37 + 0.48%/day) and feed
efficiency (121 + 6%). Although not differed significantly
to other treatment, survival of thistreatment was also the
highest, i.e. 94 + 10%. Shrimpindividual weight andyield
at the end of the experiment of treatment C:N 10 were aso
significantly higher than other treatment.

Table 2. Mean, minimum and maximum value of TAN, nitrite-nitrogen, nitrate-nitrogen and ammonia-nitrogen of water in Pacific
white shrimp (L. vannamei) nursery culture with different C:N ratio
Parameter
Treatment TAN Nitrite-N Nitrate-N Ammonia
Min Max Mean + Stdev Min Max Mean+ Stdev. Min  Max Mean + Stdev Min  Max Mean + Stdev

Control  0.05 0.73 0.50 + 0.28a 0.03 1.03 0.54 + 0.40a 0.09 0.52 0.21 + 0.15a  0.003 0.018 0.012 + 0.006a
CNO 0.05 0.67 0.46 + 0.21a 0.03 0.94 053 + 0.38a 0.14 0.52 0.25 + 0.14a  0.003 0.021 0.015 + 0.006a
C:N 10 0.05 0.94 0.56 + 0.30a 0.03 0.90 0.43 + 0.33a 0.12 0.52 0.29 + 0.14a  0.003 0.035 0.017 + 0.011la
C:N 15 0.05 1.14 0.69 + 0.40a 0.02 0.96 0.47 + 0.38a 0.18 0.52 0.35 + 0.14a  0.003 0.036 0.020 + 0.012a
C:N 20 0.05 0.79 0.49 + 0.25a 0.03 0.63 0.22 + 0.22a 0.15 0.52 0.34 + 0.14a  0.003 0.028 0.016 + 0.010a

Mean values in the same column with a different superscript are differed significantly (P < 0.05).
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Table 3. Pacific white shrimp (L. vannamei) nursery production performance with different C:N ratio
Treatments

Parameter

Control CNO C:N 10 C:N 15 C:N 20
Survival (%) 93 + 9a 93 + 6a 94 + 10a 86 + 12a 86 + 12a
Individual weight (g) 0.59 + 0.04a 0.80 + 0.06b 1.26 + 0.21c 1.09 + 0.09bc 0.96 + 0.16bc
Yield (g/md) 554 + 88a 747 + 57ab 1180 + 62b 947 + 207ab 837 + 243ab
SGR in length (%/day) 4.82 + 0.19a 5.10 + 0.07a 6.05 + 0.41b 5.93 + 0.24b 5.49 + 0.25ab
SGR in weight (%/day) 15.79 + 0.49a 17.89 + 0.41a 20.37 + 0.48b 20.07 + 0.53b 19.32 + 0.50b
Feed efficiency (%) 56 + 9a 76 + 6ab 121 + 6b 97 + 21ab 85 + 25ab

Mean values in the same row with a different superscript are differed significantly (P < 0.05).

DISCUSSION

The tendency of DO reduction over culture period
was likely due to the weight gain of shrimp and the
enhancement of bacterial population in the cultured water.
Nevertheless, the DO in all treatments was still in an
optimal range for white shrimp culture. Fast and Boyd
(1992) noted that 3 mg/l is a minimum DO standard for
shrimp’sgood growth, low feed conversion ratio and high
survival.

Addition of molasses in this study was aimed to
stimul ate the growth of heterotrophic bacteriawhich will
be functioned to immobilize inorganic ammonia in the
water. Furthermore, Avnimelech (1999) noted that
manipulation of C:N ratioisapotential inorganic nitrogen
control method for aquaculture systems. In contrast to
other study (Samochaet al. 2007), addition of probiotics
bacteria and molasses in this experiment apparently did
not affect TAN and nitrite-nitrogen profile in cultured
water. Thismight berelated to thetotal N loading into the
system, ashigher biomasswill result inahigher N organic
loading. With this respect, the biomass of the treatments
with molasses addition was higher than control (Table 3)
which further followed by higher feed input and higher
amount of waste loaded into the system. The similarity of
TAN and nitrite-N profile amongst treatments showed that
regardless of higher N organic loaded in treatments with
mol asses, there was animmobilization process of inorganic
N that resulted in TAN and nitrite-N concentration aslow
asin control. Therange of TAN, nitrite-nitrogen, nitrate-
nitrogen and ammonia-nitrogen were respectively 0.46-
0.69, 0.22-0.54, 0.21-0.35, and 0.012-0.020 mg/I.
Nevertheless, the level of inorganic nitrogen particularly
ammoniaobserved in this study wasin an optimal range
aquaculture which must be less than 0.62 mg/I (Stickney
2005). A study by Samocha et al. (2007) showed that
nursery culture of white shrimp in raceways with
pressurized sand filter with molasses addition resulted in
TAN and nitrite-nitrogen of 0.7 and 4.4 mg/l, respectively,
which were higher than what has been observed in this
experiment.

Hargreaves (1998) pointed out that heterotrophic
bacteria could assimilate inorganic nitrogen at a rate of
approximately 40 times higher than nitrification bacteria.
The presence of nitrite-nitrogen and nitrate-nitrogen in
all treatments including the treatments with molasses
addition suggesting that there might be a process of
nitrification occurred. Un-ionized ammoniaconcentration

(NH,) wasfluctuated in time and more likely related to pH
fluctuation as ammonia will be converted to ionized
ammonia(NH,") at high pH (> 7) (Ebeling et al. 2006).

At the end of the experiment, total bacteria count of
treatments C:N 15 and 20 were significantly higher than
other treatments (P < 0.05). This might be related to the
fact that higher C:N ratio favor the growth of heterotrophic
bacteria (Avnimelech 1999; Ebeling et al. 2006; Samocha
et al. 2007). Burford et al. (2003) noted that C:N ratio
enhancement in white shrimp pond culture increases the
total bacteriacount in water. Whereas other study in catfish
culture showed that addition of molassesat aC:N ratio of
15 resulted in two log units higher total bacteria count
than control (Rohmana 2009). There was no significant
difference of total bacteria count between treatment
without (control) and with probiotics addition (C:N 0)
suggesting that this treatment has no effect on bacterial
density inwater.

Addition of probioticsbacteriasignificantly influenced
individual weight of shrimp at the end of the experiment.
Verschuere et al. (2000) noted that probiotics application
in aquaculture may improve aquaculture production
performance with various mode of action including
improving food digestion and water quality. Addition of
molasses apparently affected shrimp individual weight at
harvest and growth. However, there was a tendency that
more addition of molassesto increase C:N ratio morethan
10did not result in abetter performance. In general, even
though not differ significantly in water quality, treatment
C:N 10 resultedin an outstanding production performance
in comparison to other treatments. This indicates that
addition of probiotics and molassesat C:N ratio 10 favor
the growth of the shrimp. This result was in contrast to
previous study by Samocha et al. (2007) that addition of
molassesdid not result inasignificant different in shrimp
growth performance at nursery stage.

Addition of organic carbon source resulted in a
significantly better growth performance of Pacific white
shrimp (L. vannamei) in particular at a C:N ratio of 10.
Individual weight at harvest and feed efficiency of shrimp
in thistreatment was morethan 2 fold higher than control
(P<0.05). The effect of carbon source addition on shrimp
growth performance was more significant than probiotics
addition. The effect of probiotics, which was shown by
the comparison of control and C:N O treatments, was
revealed significantly only in shrimp individual weight at
harvest. On the other hand, there was no significant
difference observed in water quality parameters.
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