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Abstract

Heterotrophic aquaculture system is an environmental friendly shrimp culture that has a huge potency to improve
yields of Litopenaeus vannamei. Biofloc grown in a heterotrophic aquaculture system that can be used as an
alternative feed for shrimp due to its high nutrition. Biofloc contains bacterial protein and polyhydroxybutyrate that
are able to enhance growth. Biofloc also contains bacteria that have peptidoglycan and lipopolysaccharide on their
cell walls. The aim of the research was to study the effect of heterotrophic aquaculture system on culturing of
Litopenaeus vannamei during nursery phase. The experiment was arranged in split plot design in three replicateses.
The treatments consisted of two factors namely various densities and different aquaculture systems. The
aquaculture systems were autotrophic and heterotrophic aquaculture system, while densities were 1,000, 1,500, and
2,000 PLm-3. The result showed that there was no significant interaction between densities and aquaculture system
toward the growth rate, protein efficiency ratio and yield of Litopenaeus vannamei. The heterotrophic aquaculture
system was able to increase the yield of Litopenaeus vannamei on nursery phase. However heterotrophic
aquaculture system did not significantly affect growth rate and protein efficiency ratio of Litopenaeus vannamei.
While, the density significantly affected survival rate and yield of Litopenaeus vannamei.
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Introduction
The intensive development of the shrimp culture has been

accompanied by an enhancement in environmental impact. In the
autotrophic aquaculture system, waste of shrimp culture can be a
serious problem both in culture pond and in the environment. The
effluent as uneaten feed, faces, and excretions is mostly inorganic
nitrogen (mobile nitrogen) in form of ammonia and nitrite due to high
protein content in feed (30-40%). Nitrogen in feed is only 25% that is
recovered in the shrimp on harvest while about 75% is released into
the pond ecosystem, mostly as TAN [1]. Ammonia and nitrite in
culture pond is toxic to shrimp. Inorganic nitrogen built up in ponds,
is controlled by algae and nitrification. Inorganic nitrogen is converted
to organic nitrogen to build algae cell. This process is limited by the
rate carbon assimilation by algae. Nitrification is a slow process and
need a few weeks to complete it [2].

In order to minimalize impact of the shrimp culture effluent, it is
impotant to develope shrimp farming with zero water exchange. The
effluent produced by shrimp should be recycled in the pond before
releasing to the surrounding environment. The method that can be
applied to overcome the problem is heterotrophic aquaculture system
(biofloc system). A carbon source namely sugar, molasses, and starch
is added into culture pond increasing ratio of C:N to immobilize
inorganic nitrogen and to stimulate the growth of heterotrophic
bacteria to form biofloc.

The shrimp cultivated in heterorophic system has higher price than
that in autotrophic system due to an environmental friendly product.

Heterorophic system in aquculture has huge potential to increase
growth and survival rate of shrimp. Heterorophic system is capable to
decrease cost production from feed because biofloc can be an
alternative feed for shrimp that has high nutrition content [2].

Biofloc dominated by bacteria is high protein content and able to
produce polyhydroxybutyrate as reserve energy and carbon [3].
Polyhydroxybutyrate is capable to accelerate the animal growth and to
inhibit pathogenic vibrio in intestine tract. The objective of this
experiment was to study the effect of heterotrophic system on the
performance of on nursery Litopenaeus vannamei phase.

Materials and Methods
The experiment was arranged in split plot design with two factors in

three replicates. The treatments consisted of aquaculture system (as
sub plot) and density (as main plot). The aquaculture systems were
heterotrophic system (HS) and autotrophic system (AS) while stocking
densities of Litopenaeus vannamei were 10, 15, and 20 PL in 10 litres
container equivalent to 1,000, 1,500, and 2,000 PLm-3.

Eighteen plastic containers were filled with sterile saline water.
Water salinity was adjusted to osmolarity of Litopenaeus vannamei
haemolymph at intermolt phase. Osmolarity of Litopenaeus vannamei
haemolymph was measured with method conducted by Anggoro and
Muryati [4]. Nine containers were used to culture Litopenaeus
vannamei in heterotrophic system. Shrimp feed and glucose was added
to get C:N ratio of 21 [2]. Bacterium of Bacillus cereus (106 CFU/ml)
was inoculated into media to stimulate heterotrophic system. Each
container was equipped by aeration and was installed on the container
bottom to maintain dissolved oxygen min. at 4 mg/l and water
movement. After 10 days of growing biofloc, Litopenaeus vannamei
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postlarvae (PL 17) with an average body weight of 11 ± 1.0 mg and
average length of 1.36 ± 0.15 cm was stocked into culture media.

Shrimp culture was conducted in 30 days. Shrimp were fed by
formulated feed of 38% protein on feeding rate of 5%. Zero water
exchange was applied in heterotrophic system. The growth and
survival rate of Litopenaeus vannamei were calculated with methods
conducted by Far et al. [5]. Protein efficiency ratio was analyzed with a
method described by Hoffman and Falvo [6]. All data were further
analyzed statistically using Two-Way-Anova after testing of normality,
homogenity, and additivity using SPSS statistical software. Statistical
significance of differences required that p<0.05.

Results and Discussion

Haemolymph osmolarity of Litopenaeus vannamei
Haemolymph osmolarity of PL 11- Litopenaeus vannamei on

premolt phase was 933,89 mOsm/l H2O, equivalent to 32‰,
meanwhile haemolymph osmolarity of Litopenaeus vannamei on
intermolt phase was 861,00 mOsm/l H2O, equivalent to 29.5‰ (Table
1).

Phase Osmolarity (m Osm/l H2O) Salinity (‰)

Premolt 1. 933.89 32

2. 933.90 32

3. 933.87 32

Average 32

Intermolt 1. 861.02 29.5

2. 860.98 29.5

2. 860.98 29.5

Average 29.5

Table 1: Osmolarity haemolymph of Litopenaeus vannamei.

According to the data, applied salinity of media was 30‰.
Osmorality of haemolymph on premolt phase and intermolt phase is
the best range for growth (4).

Water quality
Dissolved oxygen, total ammonia nitrogen (TAN), and pH of

culture media of heterotrophic system and autotrophic system are
performed at Figures 1, 2 and 3, respectively. The range of dissolved
oxygen (DO) in culture media was 5.0–8.0 mg/l, TAN was 0.01-0.05
mg/l, and pH was 6.8-7.2. The values were in range for growing
Litopenaeus vannamei [5].

Shrimp Performance
In general, performance of Litopenaeus vannamei in heterotrophic

aquaculture system was better than that in autotrophic one. Specific
Growth Rates (SGR), survival Rate (SR), protein efficiency ratio (PER),
and yield of Litopenaeus vannamei at harvest are summarized in Table
2.

Figure 1: DO of culture media.

Figure 2: TAN of culture media.

Figure 3: pH of culture media.

Density
(PL/m3) System SGR (%) SR (%) PER Yield

(g/m3)

1000

AS 12.75 ±
2.08 60.0 ± 10.0 0.83 ± 0.37 256.6 ±

107.8

HS 13.07 ±
1.27 73.3 ± 5.8 1.08 ± 0.35 29.9 ±

101.93

1500

AS 12.85 ±
2.08 60.0 ± 6.7 0.82 ± 0.37 378.1 ±

85.7

HS 14.04 ±
0.80 66.7 ± 6.7 1.25 ± 0.26 571.4 ±

114.5

2000 AS 12.90 ±
2.08 41.7 ± 10.4 0.55 ± 0.10 344.3 ±

59.2
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HS 13.15 ±
2.08 50.0 ± 10.0 0.73 ± 0.19 450.8 ±

113.6

Table 2: Performance of Litopenaeus vannamei.

According to statistical analytic (ANOVA), there was no significant
interaction between densities and aquaculture system to performance
of Litopenaeus vannamei. The use of heterotrophic system did not
enhance the growth rate and protein efficiency ratio (Figures 4 and 5).
However survival rate and yield of Litopenaeus vannamei significantly
increased in heterotrophic system (Figures 6 and 7). Stocking densities
significantly affected the survival rate and yield of Litopenaeus
vannamei.

Figure 4: Specific growth rates (SGR) of Litopenaeus vannamei.

Figure 5: Protein efficiency ratio (PER) of Litopenaeus vannamei.

Discussion
Ammonia in pond is produced as a major end product of the

metabolism due to high content protein of feed and is excreted as
ammonia across the gill of shrimp [7]. No water exchange applied in
heterotrophic system was able to control TAN in aquaculture system.

By adding organic carbon source to the water, it forces the bacteria to
immobilize any inorganic nitrogen present in the pond. Inorganic
nitrogen was recycled in the culture pond resulting in microbial
protein biomass needed for cell growth and multiplication. At high
ratio of C:N, heterotrophic bacteria will assimilate ammonium
nitrogen directly from water metabolized to cell biomass. The addition
of carbon source is most effective method in decreasing inorganic
nitrogen mostly TAN [7] and is often more stable and reliable than
algal uptake or nitrification [1].

Figure 6: Survival rate (SR) of Litopenaeus vannamei.

Figure 7: Yields of Litopenaeus vannamei.

Specific growth rates and protein efficiency ratio of Litopenaeus
vannamei in heterotrophic aquaculture system tended to be better
than those in autotrophic system. Biofloc, formed in heterotrophic
system, can be benefited by shrimp as an alternative feed (Figure 8).
Biofloc contains bacterial protein [8] and polyhydroxybutyrate [3]
produced by bacteria. Biofloc was consumeable due to the appropriate
size for shrimp. Polyhydroxybutyrate is the most dominant polymer
and is useful in aquaculture. The advantages of PHB are an energy
reserve for fish, digestible in intestine, increasing unsaturated fatty
acid, and increasing growth of fish [1]. Biofloc also contains
methionine, lysine, vitamins and minerals, especially phosphorus
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Figure 8: Biofloc.

Survival rate of Litopenaeus vannamei in heterotrophic system
experienced enhancement due to biofloc contains bacteria. Bacteria
are capable to produce polyhydroxybutyrate. Polyhydroxybutyrate will
release 3-hydroxy butyric acid (short chain fatty acid) in the gastro
intestinal tract as inhibitor of pathogenic bacteria. According to
several researches, PHB is capable to inhibit pathogen in the intestinal
tract and to be antimicrobial against Vibrio, E. coli, and Salmonella, to
control pathogen of Vibrio harveyi, and to enhance survival rate of
Artemia franciscana larvae [9]. Far et al. [5] investigated that Bacillus
is able to increase survival rate of Litopenaeus vannamei and to
decrease luminous Vibrio densities in the pond water. Bacteria also
contain peptydoglycan and lipopolysaccharide on their cell wall.
Peptydoglycan and lipopolysaccharide are immunostimulant being
capable to inccrease nonspecific immunity of shrimp. The substances
influence prophenoloxidase activity and phagocytosis of hyaline cells
[10].

The yields of Litopenaeus vannamei in heterotrophic system
enhanced significantly compared to autotrophic one. The
enhancement was affected by growth (Figure 4) and survival rate
(Figure 6). According to polynomial orthogonal analysis, optimal
density of Litopenaeus vannamei in autotrophic system on nursery
phase was 1612 PL/m-3 yielded 466 g/m-3, while in heterotrophic
system, optimal density was 1638 yielded 639 g/m-3 (Figure 9).
Heterotrophic system was capable to increase yield of Litopenaeus
vannamei of 37% compared to autotrophic system.

Conclusions
Heterotrophic aquaculture system can be an alternative method

to culture Litopenaeus vannamei in pond. The system is
environmental-friendly one overcoming the problem in shrimp
culture related to deterorietion of environment quality. Pond water
quality was controlled resulting in good growth, high survival rate, and
increased yield of Litopenaeus vannamei on nursery phase.
Heterotrophic system aquaculture was capable to increase the yield of
Litopenaeus vannamei on nursery phase. However heterotrophic
system did not significantly affect the growth rate and protein
efficiency ratio of Litopenaeus vannamei. The density affected the
survival rate and yield of Litopenaeus vannamei.

Figure 9: Optimal density of Litopenaeus vannamei on nursery
phase.
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