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a b s t r a c t

In this study, the suitability of excess biofloc that was discarded as waste from Litopenaeus vannamei farm
effluent was investigated for effectiveness as a dietary replacement in rearing L. vannamei postlarvae
(PL). A commercial shrimp diet (control) was compared to four diets containing dried waste biofloc at
25%, 50%, 75% and 100% replacement levels and fed to shrimp PL to evaluate the survival rate, growth
performance and nutritional composition. Total ammonium nitrogen and nitrite nitrogen were main-
tained in culture tanks with minimal water exchange throughout the experiment. Results showed that
PLs fed with 50% biofloc feed (50% BF) had significantly higher (p < 0.05) specific growth rate compared
to the other treatments. In addition, PLs fed with 50% and 75% BF had significantly higher survival rate
(p < 0.05) compared to those fed with commercial feed only. However, protein content of PLs fed with
50% and 75% BF was comparable to those of 100% commercial feed. This study demonstrates that waste
biofloc has potential to be used as a cost effective feed for rearing shrimp PLs.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Aquaculture has grown rapidly over the last couple of decades
due to significant increases in the global demand for fish and sea-
food. Marine shrimp farming is one of the major and important
commercial aquaculture activities in terms of production value
(FAO, 2010) as shrimps are considered to be a highly valued seafood
commodity (Anand et al., 2014). However, intensive shrimp
farming has some environmental problems such as poor water
quality and low feed utilization (Avnimelech, 2006). White shrimp
Litopenaeus vannamei is the most commonly cultured species
worldwide due to its rapid growth, high survival rate and disease
tolerance in intensive shrimp farming (Cuzon et al., 2004). The
postlarvae of Litopenaeus vannamei require 18e25% of dietary
protein (Velasco et al., 2001), 40% carbohydrates (Cousin et al.,
1993) and 5e8% lipids (Cuzon et al., 2004). Excess of nutrients
and organic matters from shrimp culture ponds may lead to long
term environmental problems (Piedrahita, 2003).

Further, the expansion of aquaculture is also restricted due to its
strong dependence on fishmeal (Browdy et al., 2001). According to
on).
Tan et al. (2005), shrimp feed constitutes 40e60% of the total
production costs. This is mainly due to the cost of protein compo-
nent in commercial diets (Bender et al., 2004). In the commercial
culture phase, 30% digestible protein in feed is generally required
and is the costliest component of the diet (National Research
Council (NRC), 2001). Fishmeal is an essential ingredient in ma-
rine shrimp diets due to its balanced content of amino acids, fatty
acids, vitamins, and minerals (Su�arez et al., 2009). Increase in de-
mand and inconsistent supply of fishmeal has caused a significant
increase in fishmeal prices significantly lowering the profit margins
of aquaculture farmers and making aquaculture operations un-
profitable. The increasing demand for fishmeal has prompted a
search for cheaper and sustainable protein ingredients in aqua-
culture diets (Salze et al., 2010).

There has been research in alternative feed to overcome such
issues. Microalgal products (Boonyaratpalin et al., 2001;
Supamattaya et al., 2005; Ju et al., 2009), macroalgae (Yeh et al.,
2006), probiotics (Ziaei-Nejad et al., 2006; Wang, 2007; Yang
et al., 2010), prebiotics (Zhang et al., 2012) and periphyton
(Anand et al., 2013) have been tried and many are used as dietary
supplements to enhance growth, immune response and digestive
enzyme activities in shrimp farming. These alternatives will help in
improving water quality as well as reduce cost for sustainable
shrimp farming.
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An ingredient that has potential for use in shrimp feed is mi-
crobial floc meal (Kuhn et al., 2009, 2010). Microbial floc meal can
be obtained from shrimp farm effluents that use biofloc technology
system (BFT). Microorganisms present in BFT not only maintain
water quality but also helps in lowering feed costs by providing
nutrition (Emerenciano et al., 2013). Biofloc encompasses a het-
erogeneous mixture of diatoms, macroalgae, food and faecal rem-
nants, exoskeletons, bacteria, invertebrates (Jatob�a et al., 2014) and
other microscopic organisms found in ponds (Hargreaves, 2006).
Studies by Arnold et al. (2009) and Megahed (2010) have suggested
that bioflocs could enhance growth performance and thereby can
be used as a supplemental food source for cultured shrimps
(Avnimelech, 1999) thereby reducing feed costs (Wasielesky et al.,
2006). The consumption of bioflocs increases feed utilization effi-
ciency and can replace a significant fraction of the nutrition de-
mand (Crab et al., 2010) by recycling feed residues and fecal
excrements (Schneider et al., 2005; Hargreaves, 2006). More
importantly, bioflocs or its attached microorganisms could aid in
the enzymatic activity of shrimp digestion (Moss et al., 2001). The
higher digestion rates and improved absorption of the feed
resulting from the increase of digestive enzymes in the digestive
tissues have contributed to the improvement of growth perfor-
mance and feed utilization of the shrimp (Xu and Pan, 2012).

In shrimp industry BFT has been used with great success (Bauer
et al., 2012) and waste biofloc can be obtained from the effluent of
super-intensive shrimp farms that use BFT. Instead of discarding
the nutrient rich waste biofloc from BFT, it can be used as a feed for
the aquaculture industry while minimizing environmental prob-
lems. In this study, the suitability of excess biofloc that is discarded
as waste from BFT was investigated as a dietary replacement for
commercial feed. The study focussed on survival, growth perfor-
mance and nutritional composition while rearing L. vannamei
postlarvae (PL).

2. Methods

2.1. Collection of waste biofloc

Waste biofloc was collected from L. vannamei farm effluents that
utilizes BFT in Setiu, Terengganu, Malaysia. Water from the shrimp
waste pond containing biofloc was taken and poured into Imhoff
Cone and the biofloc was allowed to settle for 1 h. Harvested biofloc
was kept in sterile bottles and transported (refrigerated with ice) to
laboratory for further processing.

2.2. Feed formulation from waste biofloc

Harvested biofloc was dried in oven at 40 �C and subsequently
ground using a stand mixer (KitchenAid® Professional 600 Series,
Michigan, USA). The dried samples weremilled to 300 mm, stored in
plastic bags and kept at �18 �C for further use. The treatment
consisted of five diets with 0, 25, 50, 75 and 100% replacement of
commercial feed with waste biofloc. A commercial feed commonly
used for production of L. vannamei at this rearing phase was used as
control diet.

2.3. Experimental design

The experiment was conducted at the Institute of Tropical
Aquaculture, Universiti Malaysia Terengganu, Malaysia. Five treat-
ments consisting of 100% commercial feed (100% CF) as control;
commercial feed with 25% biofloc replacement (25% BF); com-
mercial feed with 50% biofloc replacement (50% BF); commercial
feed with 75% biofloc replacement (75% BF) and 100% biofloc (100%
BF) were evaluated in triplicate using a complete randomized
design. Fifteen rectangular glass aquaria each containing 40 L clean,
filtered (5 mm filter bag) and chlorinated seawater were used in this
experiment. L. vannamei postlarvae stage 1 (PL1) were obtained
from a commercial hatchery and were stocked into the glass
aquaria at a density of 50 PL1 L�1. Postlarvae were taken from the
same broodstock that were hatched from the same batch at the
same time andwere stocked on the same day. Thus the PLs in all the
treatment and the control tanks were considered to be at the same
PL stage at the end of the study. Constant aeration was provided to
each aquarium using an air compressor. The hatchery tanks were
maintained under a 12 h light e 12 h dark cycle. Postlarvae in all
tanks were fed with formulated diet and Artemia (Golden Dolphin,
Malaysia) for four times in a day at 6 h intervals. The excess feed
was removed from the tanks 1 h before the next feeding. The
experiment was conducted for a period of 12 days.

2.4. Physicoechemical parameters

Temperature, salinity, pH, and dissolved oxygen level in the
culture tanks were measured daily using a YSI 556 MPS (YSI, New
Jersey, USA). Total ammonia nitrogen, nitrite nitrogen and phos-
phorus were analysed on alternate days following the method of
Parsons et al. (1984).

2.5. Biological parameters

Specific growth rate (dry weight basis) was calculated from the
body weight (mg) based on the formula of Ricker (1979):
G ¼ (lnw2 � lnw1)/(t2 � t1), where w2 and w1 represent the final
and initial weight, respectively, and (t2 � t1), the duration of the
experimental period. The survival of the PL was also determined at
the end of the experiment. Survival was calculated as the per-
centage of shrimp remaining in each tank from the estimated
number stocked initially.

2.6. Proximate composition analysis

Proximate composition such as protein, lipid, carbohydrate,
moisture and ash of waste biofloc, experimental feed and the
shrimp postlarvae (PL12) were carried out using freezeedried
samples.

2.6.1. Protein
Protein was analysed according to Lowry et al. (1951) by adding

1 N sodium hydroxide followed by alkaline copper solution and
Folin-Ciocalteau reagent. Standard solution was prepared using
bovine serum albumin at different concentrations. The absorbance
was measured using a spectrophotometer (Shimadzu UV-1601,
Tokyo, Japan) at a wavelength of 750 nm.

2.6.2. Lipid
Lipid was determined by the sulphuric acid-charring technique

ofMarsh andWeinstein (1966) following the carbonizationmethod
using tripalmitin as the standard after extracting lipids according to
the methods of Bligh and Dyer (1959). The optical density was
measured at 375 nm using a spectrophotometer (Shimadzu UV-
1601).

2.6.3. Carbohydrate
Carbohydrate analysis was conducted following the method of

Dubois et al. (1956). Samples were analysed by adding 1 mL of a 5%
phenolic solution and 5 mL of concentrated sulphuric acid. Stan-
dard solution was prepared using glucose. The optical density was
measured at 488 nm using a spectrophotometer (Shimadzu UV-
1601).



Fig. 1. Concentration of total ammonia nitrogen (TAN) and nitrite nitrogen (NO2-N) in
shrimp postlarvae rearing tanks during the experimental period.

Table 2
Mean ± standard error of proximate composition of waste biofloc.

Proximate composition Content

Protein (% dry weight) 30.4 ± 0.2
Lipid (% dry weight) 4.2 ± 0.1
Carbohydrate (% dry weight) 18.5 ± 0.1
Moisture (%) 12.3 ± 0.3
Ash (%) 31.2 ± 0.2
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2.6.4. Moisture
Two grams of freezeedried samples were weighed accurately

using a calibrated microbalance in an ash-free filter paper (pre-
dried at 100 �C to constant weight) placed in a glass Petri plate (pre-
dried at 100 �C to constant weight). The samples were then dried
again in an oven at 100� C for 6e12 h or until constant weight was
observed. After drying, the plates were cooled inside a desiccator
and weighed. The moisture content was calculated using the for-
mula below (Horwitz, 1984):

% Moisture ¼ (wt. of oven dried samples/wt. of original
samples) � 100

% Dry matter ¼ 100 � % moisture

2.6.5. Ash
The crucible containing dried sample obtained from the mois-

ture determination exercise was placed in a muffle furnace and
heated at 550 �C to 600 �C for 6 h and till the sample reduced to ash.
The ash together with the crucible was cooled down in a desiccator
and weighed. The ash content was calculated using the formula
below:

% Ash ¼ (Weight of ash/Weight of dried samples) � 100

2.7. Statistical analysis

The collected data were analysed using one-way analysis of
variance (ANOVA). Significant differences amongst treatments
were determined using Duncan's multiple range test at 0.05 level.
All the data which were expressed in percentages were arcsine-
transformed to satisfy the condition of homogeneity of variance.
Statistical analyses were accomplished using the Statistical Analysis
System (SAS, 2002) computer software.

3. Results

3.1. Physicoechemical parameters

There were no significant differences (p > 0.05) found in water
with regards to salinity (ppt), dissolved oxygen (mg L�1) and
temperature (�C) between the treatments and the control tanks as
shown in Table 1. The concentrations of TAN and NO2-Nwere low in
the beginning of the culture period until day 2 for all treatments as
seen in Fig. 1. However, the 100% CF tanks showed increasing levels
of TAN and NO2-N beginning day 4 and reaching maximum values
on day 10 for TAN, and day 12 for NO2-N which was significantly
higher (p < 0.05) than other treatments. For NO2-N, high values
were observed at day 12 in 100% CF tanks. TAN and NO2-N levels
were maintained at low concentrations in 25, 50, 75 and 100% BF
Table 1
Mean values ± standard error of temperature, dissolved oxygen, salinity and pH range in

Treatments Parameters

Temperature (�C) Dissolved o

100% CF 28.0a ± 0.3 6.0a ± 0.1
25% BF 27.1a ± 0.2 6.3a ± 0.2
50% BF 28.0a ± 0.1 6.5a ± 0.2
75% BF 27.1a ± 0.2 6.4a ± 0.3
100% BF 28.2a ± 0.4 6.5a ± 0.2

Means with different superscripts in columns are significantly different (p < 0.05).
treated tanks throughout the culture period. Amongst all the
treatments, tanks with 100% BF had the lowest concentrations of
TAN (0.20 ± 0.01 mg L�1) and NO2-N (0.03 ± 0.02 mg L�1) than
those tanks with 25, 50 and 75% BF and the 100% CF as shown in
Fig. 1.

3.2. Proximate composition of biofloc and experimental feed

The proximate composition of waste biofloc and experimental
feed fed to shrimp PL are presented in Tables 2 and 3 respectively.
The dried biofloc contained 30.4 ± 0.21% protein, 4.2 ± 0.10% lipid,
18.5 ± 0.10% carbohydrate, 12.3 ± 0.31 moisture and 31.2 ± 0.21 ash.
Result showed that waste biofloc contained adequate amount of
control and treated tanks during experimental period.

xygen (mg/L) pH Salinity (ppt)

7.2e8.1 28.0a ± 0.2
7.1e8.2 27.9a ± 0.3
7.0e8.1 27.1a ± 0.1
7.2e8.2 28.1a ± 0.1
7.5e8.3 28.0a ± 0.3



Table 3
Mean ± standard error of proximate composition of experimental feed.

Treatments Proximate composition (% dry weight)

Protein Lipid Carbohydrate Moisture Ash

100% CF 36.7b ± 0.7 9.5a ± 0.2 23.8a ± 0.3 10.3b ± 0.3 17.3c ± 0.1
25% BF 37.7b ± 0.2 5.4b ± 0.3 20.2b ± 0.2 10.2b ± 0.1 17.5c ± 0.1
50% BF 43.8a ± 0.4 5.6b ± 0.1 18.8c ± 0.3 11.5a ± 0.3 20.2b ± 0.2
75% BF 43.0a ± 0.2 5.8b ± 0.2 15.1d ± 0.2 12.2a ± 0.1 18.2c ± 0.2
100% BF 30.4c ± 0.2 4.2c ± 0.1 18.5c ± 0.1 12.3a ± 0.3 31.2a ± 0.2

Means with different superscripts in columns are significantly different (p < 0.05).
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protein and carbohydrate. On the other hand, lipid content was low.
In this experiment waste biofloc was replaced with different

percentage of commercial feed to get adequate nutrition for shrimp
PL. Experimental diets showed significant difference (p < 0.05) in
protein for various percentages of biofloc as shown in Table 3. The
highest protein (p < 0.05) (43.8% and 43.0% of dry weight) was
observed in 50% BF and 75% BF, respectively, followed by 25% BF
(37.7% of dry weight), 100% CF (36.7% of dry weight) and 100% BF
(30.1% of dry weight). However, the lipid content was significantly
higher (p < 0.05) in 100% CF compared to biofloc mixed diet. The
carbohydrate content ranged from 15.1 to 23.8% in the experi-
mental diets as shown in Table 3.

3.3. Biological parameters

Fig. 2(a) shows the survival percentages of shrimp PLs fed with
different percentage of waste biofloc. Shrimp PLs fed with 50% BF
showed significantly higher (p < 0.05) survival (95.4 ± 0.6%) than
100% CF (67.7 ± 0.3%) followed by 75% BF (90.1 ± 0.1%), 25% BF
(82.2 ± 0.2%) and 100% BF (37.7 ± 0.4%). Fig. 2(b) shows the specific
growth rate (SGR) of the shrimp PLs fed with different percentage
of waste biofloc. The SGR of the PLs were significantly different
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Fig. 2. Survival (a) and specific growth rate (b) of postlarvae fed with different
replacement levels of waste biofloc and commercial feed.
(P < 0.05) in all the treatments and control, with the highest rate in
PL fed with 50% BF (17.5 ± 0.01%) followed by the 75% BF
(15.3 ± 0.03%), 25% BF (14.8 ± 0.01%),100% CF (13.3 ± 0.04%) and the
100% BF (10.3 ± 0.05%).

3.4. Proximate composition of shrimp postlarvae

The highest (p < 0.05) protein content was found in the PLs fed
with 50% BF (34 ± 0.2%), followed by 75% BF (30 ± 0.3%), 100% BF
(28 ± 0.1%), 25% BF (26 ± 0.4%) and 100% CF (24 ± 0.5%) as shown in
Fig. 3(a). Likewise, PL fed with 50% BF (9.5 ± 0.3%) were found to
contain the highest (p < 0.05) percentage of lipid compared to the
other diets. Whereas lowest percentage of lipid was found in PL fed
with 25% BF (6 ± 0.2%) and 100% BF (6.0 ± 0.5%) as shown in
Fig. 3(b). Carbohydrate content of shrimp PL was high when PLs
were fed with 50% BF (28 ± 0.2%) in comparison to those fed with
100% BF (17 ± 0.1%) (Fig. 3(c)).

4. Discussion

In the present experiment, the PLs reared in tanks fed with BF
had significantly low levels of TAN and NO2eN compared to control
tank. Apart from forming food for the PLs, the BF maintained low
levels of ammonia concentration (Yun et al., 2015), implying the
usefulness of biofloc in improving water quality in the tanks. The
low TAN and NO2-N would have also favoured high growth and
survival of PLs in the BF tanks. Referring to Fig. 1, it should be noted
that TAN and nitrite nitrogen level were maintained below the
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Fig. 3. Protein (a), lipid (b) and carbohydrate (c) content of postlarvae fed with
different replacement levels of waste biofloc and commercial feed.
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recommended range for shrimp culture in the BF tanks even
though minimal water exchange in the BF tanks had occurred
during the 12 days trials. The physical parameters of the water
(temperature, pH, dissolved oxygen ammonia nitrites and nitrates)
were also suitable for the culture of L. vannamei (Boyd and Gautier,
2000) in all the culture treatments.

While employing BFT, the water quality in the pond or culture
tank can bemaintained to good standards. Da Silva et al. (2013) also
reported that microbiota in biofloc are able to maintain the water
quality of L. vannamei juveniles cultured in fiberglass tanks. Besides
that, the microorganisms in the biofloc can be used as an additional
feed for organism culture. According to Kuhn et al. (2009; 2010),
excess biofloc which is discarded as waste from BFT can be used as
microbial floc meal. Microorganisms present in the bioflocs contain
protein, lipid, and carbohydrate, which are similar to artificial diet
for the growth of cultured organisms (Emerenciano et al., 2011).
Biofloc could be used as additional feed for the cultured organisms
as it has an adequate protein, lipid, carbohydrate and ash content
for use as an aquaculture feed (Crab et al., 2010). Earlier studies
(Moss et al., 2001; Wasielesky et al., 2006) have reported increase
in growth rates, general welfare and survival of shrimps in micro-
bial floc-based systems.

Protein content of the biofloc in the present study is in agree-
ment with the findings of Ballester et al. (2010) who reported 30.4%
crude protein when the carbohydrate source is wheat flour and
molasses. In the present experiment, the waste biofloc collected
from the shrimp farm also used wheat flour and molasses in the
BFT. However, the nutritional composition of biofloc is dependent
on the carbohydrate source. Study done by Crab et al. (2010) re-
ported that biofloc developed from glycerol, acetate and glucose
had 42e43% and 28% crude protein, respectively, compared to Ba-
cillus inoculated glycerol which had 58% crude protein. In another
study, Mahanand et al. (2013) showed that biofloc developed from
wheat flour containing approximately 50% organic carbon had
35.4%, 1.1%, and 44.0% crude protein, crude lipid, and carbohydrate,
respectively. Emerenciano et al. (2013) showed that the crude
protein, crude lipid, and carbohydrates in the shrimp (Farfantepe-
naeus duorarum) pond was 24.7%, 0.6%, and 26.3%, respectively.
Lipids present in bioflocs can influence animal growth (Izquierdo
et al., 2006). In the present study, lipid was found to be compara-
tively higher than other studies (Emerenciano et al., 2013;
Mahanand et al., 2013) but lower than the commercial feed. In
the present study, ash content was found to be high in the biofloc
collected from L. vannamei BFT. Bauer et al. (2012) and Ju et al.
(2008b) also had reported high ash content of microbial floc meal
collected from L. vannamei tanks due to the salt content of the
biofloc culture system.

Growth performance of L. vannamei improved with the inclu-
sion of biofloc as a dietary ingredient in shrimp diet (Ju et al.,
2008b; Kuhn et al., 2009, 2010). Similarly, Kuhn et al. (2009) and
Xu and Pan (2012) reported that addition of biofloc to the diet of
shrimp could help in enhancement of growth performance of L.
vannamei. Studies conducted by Ju et al. (2008a) have demon-
strated that bioflocs are rich source of carotenoids, chlorophylls,
phytosterols, bromophenols and amino sugars. In addition, they
contain anti-bacterial compounds (Crab et al., 2010). In the present
study, L. vannamei PLs fed with 50% biofloc feed significantly
enhanced the survival and specific growth rate compared to the
other treatments and the control.

These results and earlier research indicate that microbial com-
ponents, unknown growth factors or probiotic microorganisms
may have contributed to significantly higher survival and growth
rate in shrimp fed with biofloc incorporated diet. However, biofloc
replacement at 75% level and 100% biofloc did not result in increase
in survival and specific growth rate compared to control. This may
be due to the fact that microbial products at higher level render the
feed less palatable and digestible (Kiessling and Askbrandit, 1993).
At the end of the experiment, proximate analysis revealed that
shrimp PLs reared in tanks containing 50% BF had higher amount of
protein, lipid and carbohydrate compared to the other treatments
and control. Colvin and Brand (1977) reported on the importance of
high protein levels for the growth and survival of the early PL stages
of P. stylilostris and P. californiensis. The minimum requirement of
protein, lipid and carbohydrate for shrimp is 40e45% (Akiyama and
Chwang, 1989), 5e10% (Akiyama and Chwang, 1989; Chen, 1993)
and 20% (Alava and Pascual, 1987), respectively.

In the current study, the BF had sufficient levels of protein, lipid
and carbohydrates in natural form that enhanced growth and sur-
vival of the shrimp PLs. However, Ju et al. (2008b) reported that
high survival and growth rates are not always linked to specific
nutrients present in the bioflocs. It may be due to the effects of feed
intake rate, digestibility, absorption, assimilation and animal
health. It may also be inferred that waste bioflocs provide favour-
able digestibility, absorption and assimilation enhancing the
growth and survival of shrimp PLs. From the results it can be
identified that inclusion of waste biofloc at 50% level would be
economically beneficial in improving growth performance of
shrimp PL.

Hari et al. (2006) and Xu and Pan (2012) have also elucidated the
useful role of biofloc system in penaeid shrimp. However, there are
only few studies on the use of waste biofloc particularly as feed
replacement for aquaculture organisms. Kuhn et al. (2009) reported
enhancement of L. vannamei growth when biofloc was used as di-
etary ingredient in shrimp diet. The present study has demon-
strated the suitability of replacing commercial feed with excess
biofloc that is discarded as waste from BFT.

5. Conclusion

The study had demonstrated that dietary replacement of com-
mercial diet with waste biofloc at 50% level had beneficial effects on
survival and growth performance of L. vannamei PL. The results
obtained for L. vannamei performance confirm that under experi-
mental conditions, replacement of commercial feed with an alter-
native source such as waste biofloc as an ingredient in feed
formulation is possible, which can translate into reduction in feed
costs for shrimp production. In addition, utilization of waste biofloc
prevents the release of nutrient rich effluent. This form of waste
management brings sustainability benefits for the environment.
These findings may encourage feed manufacturers to consider
biofloc as a viable alternative diet for aquaculture organisms. Future
studies are required to find suitable techniques for collecting large
amount of wet biofloc and processing them as feed. In addition,
fatty acids, amino acid profile and non-protein content of the bio-
floc with respect to nutritional requirement of shrimp PL also need
to be studied.
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