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Abstract Biofloc technology based 45-day indoor growth trial was conducted to evaluate

the effect of carbohydrate (CHO), molasses supplementation on two developmental stages

viz, juvenile (J) and sub-adult (SA) of Penaeus monodon in zero-water exchange system. P.

monodon juveniles (1.56 ± 0.04 g) and sub-adults (14.32 ± 0.22 g) were stocked in fibre-

reinforced plastic tanks (1,000 L) with soil base. Carbohydrate supplementation signifi-

cantly reduced (p \ 0.05) the total ammonia nitrogen (TAN), nitrite-N (NO2-N) and nitrate-

N (NO3-N) over the time periods in sub-adult group. However, no significant difference in

TAN and NO2-N was observed in juvenile-based treatments. Supplementation of carbo-

hydrate significantly increased (p \ 0.05) the water and soil total heterotrophic bacterial

(THB) count in both juvenile and sub-adults. Despite increase in total Vibrio count (TVC),

lower TVC/THB % was noticed in the water column of J ? CHO (0.82) and SA ? CHO

(0.73) compared to control groups, J - CHO (1.48) and SA - CHO (1.21). Supplemen-

tation of carbohydrate increased the final body weight in J ? CHO (6.51 ± 0.44 g) and

SA ? CHO (22.52 ± 0.98 g) compared with respective controls, J - CHO (5.05 ±

0.45 g) and SA - CHO (20.00 ± 0.33 g). Similarly, significantly lower (p \ 0.05) feed

conversion ratio and better protein efficiency ratio were recorded in carbohydrate-supple-

mented juvenile and sub-adults treatment groups. The present study demonstrates that

supplementation of carbohydrate reduced the nitrogenous metabolites and significantly

enhanced the growth performance of juvenile and sub-adult of P. monodon.
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Introduction

Penaeid shrimps are highly valued seafood commodities. Driven by the market demand,

intensive and semi-intensive shrimp farming have steadily expanded over the last two

decades in many parts of the world. With the rapid expansion and intensification, there is a

growing concern for ecological sustainability of shrimp farming (Naylor et al. 2000).

Commercial shrimp feed constitutes 50–60 % of the operational cost of the shrimp culture

(Tan et al. 2005). However, cultured shrimp retains only 20–30 % of feed nutrients, and

remaining 70–80 % accumulate in aquatic system which leads to eutrophication and water

quality deterioration (Paez–Osuna 2001). Further, overloading of toxic nitrogen metabo-

lites creates stress in shrimp and makes them susceptible to diseases (Kautsky et al. 2000).

These issues demand efficient and sustainable shrimp farming systems that have better

nutrient recycling, low impact on the environment and free from disease outbreaks.

Manipulation of carbon nitrogen ratio (C:N ratio) in feed or application of external

carbon source is getting popular in shrimp farming (Avnimelech 2012). At high C:N ratio,

microbial community within the culture system converts inorganic nitrogen metabolites

into biofloc (Avnimelech 2007; Crab et al. 2012). Apart from being a protein-rich feed

ingredient (Kuhn et al. 2009), biofloc improves water quality (Arnold et al. 2009; Anand

et al. 2013a), enhances food digestibility (Xu and Pan 2012) and improves health status of

cultured aquatic animals (Defoirdt et al. 2007; Crab et al. 2012). In shrimp culture, car-

bohydrate addition improves the growth of black tiger shrimp, Penaeus monodon (Hari

et al. 2006; Anand et al. 2013a), western white leg shrimp, Litopenaeus vannamei (Xu and

Pan 2012), kuruma shrimp, Marsupenaeus japonicus (Zhao et al. 2012) and pink shrimp,

Farfantepenaeus paulensis (Emerenciano et al. 2011).

Biofloc technology demands regular carbohydrate addition and additional aeration

expenses to keep biofloc in suspension and for microbial respiration (Crab et al. 2012).

Uptake of bioflocs depends on species, developmental stages and feeding habits of aquatic

animals (De Schryver et al. 2008). The size of aquatic animals affects various physio-

logical processes like oxygen consumption, metabolic activities and ammonia excretion

rate (Farias et al. 2009). Further, the nutritional requirements also vary with developmental

stages of shrimps (Shiau 1998; Kureshy and Davis 2002). However, there is a lack of

information with regard to role of biofloc at different developmental stages of penaeid

shrimps. In this context, the present experiment aims to evaluate the suitability of biofloc

system at two developmental stages viz, juvenile and sub-adult of P. monodon with respect

to growth performance, water quality and microbial population.

Materials and methods

Experimental design and set-up

An indoor growth trial was conducted to evaluate the effect of carbohydrate, molasses

supplementation in two developmental stages viz, juveniles and sub-adult of black tiger

shrimp, P. monodon. The experiments were conducted in triplicate in 1,000-L fibre-
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reinforced plastic (FRP) tanks for 45 days during September to November 2010 at Ka-

kdwip Research Centre, Central Institute of Brackishwater Aquaculture, Kakdwip (21�510N
and 88�110E), West Bengal, India. About 10-cm clay loam soil was provided as soil base in

all the experimental tanks to simulate the natural pond condition. Healthy tiger shrimps

tested negative for white spot syndrome virus by two-step nested polymerase chain

reaction (PCR) (Kimura et al. 1996) were obtained from commercial shrimp farms (South

24 Parganas, West Bengal, India). Shrimps were acclimatized for 14 days and fed with

commercial feed (CP Aquaculture Private Ltd., India) two times daily before start of

experiment. In juvenile-based system, P. monodon (1.56 ± 0.04 g) were stocked at 29

numbers m-3 with initial biomass 46.00 ± 0.34 g tank-1. In sub-adult system, P. mon-

odon (14.32 ± 0.22 g) were stocked at 9 numbers m-3 with an initial biomass

128.89 ± 0.91 g tank-1.

Commercial pellet feed (1.8 9 3.5 mm; CP Aquaculture Private Ltd., India) was used

as experimental diet in sub-adults. The same feed was crumbled using crumbler to feed the

juveniles. The proportion of larger crumble increased gradually as juvenile grew. The

proximate composition of feed is presented in Table 1. In juvenile-based system, shrimp

fed at 10 % of body weight at the start of the experiment and declined gradually to 6 %. In

sub-adult groups, feeding started at 5 % of biomass and declined to 3 % at the end of the

experiment. Feed was distributed equally to shrimps in all the experimental tanks, twice

daily at 10.00 and 18.00 hours for 45 days. To manipulate the C:N ratio, treatment groups

in juvenile and sub-adults were supplemented with external carbohydrate, molasses. An

average 10 g carbon is required to convert 1 g of total ammonia nitrogen (TAN), produced

from excretion and uneaten feed, into bacterial biomass (Hari et al. 2006; Avnimelech

2012). Locally purchased molasses contained 28 % carbon and was added at the rate of

1.0 g for each 1.0 g of feed. The pre-weighed molasses was mixed in a beaker and

uniformly distributed over the tank surface directly after feed application at 10.00 and

18.00 hours daily. Treatment groups with carbohydrate (CHO) supplementation in juvenile

(J) and sub-adult (SA) referred as J ? CHO and SA ? CHO, and control groups without

carbohydrate addition as J - CHO and SA - CHO, respectively.

Continuous aeration and agitation provided by two sand air stones, fixed in peripheral

alignment, 10 cm above the soil base. Each air stone was diffusing 3.75 m3 air/tank/min.

Sides of the tanks were manually cleaned twice in a week to remove biofilm deposit from

inner surface of the FRP tanks. To prevent escape of shrimp, experimental tanks kept

covered with nylon mesh. No water exchange was carried out throughout the experimental

period.

Analysis of feed materials

Proximate composition of the experimental diet was determined following the standard

methods of AOAC (1995). Moisture content was estimated by oven drying at 105 �C to a

constant weight. Crude protein (N 9 6.25) was estimated by Kjeldahl method after acid

digestion using an auto Kjeldahl system (Kelplus, DXVA, Pelican Equipments, India).

Crude lipid was determined by ether extraction method using a Soxtec system (Socs plus,

SCS-6, Pelican equipments, India). Ash content was estimated by incineration at 600 �C

for 6 h in muffle furnace. Crude fibre was estimated by sequential digestion with H2SO4

and NaOH using Fibertec (Foss Tecator 2022, Sweden). Carbohydrate content and gross

energy were determined by Jantrarotai et al. (1994) and NRC (1993) formulae, respec-

tively. The organic carbon content in molasses was determined by Walkley–Black wet

oxidation method (Walkley and Black 1934).
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Carbohydrate ¼ 100�ðcrude proteinþ crude lipidþ ashþ crude fiberþmoistureÞ

Gross energy (Kcal 100 g�1Þ ¼ protein ð%Þ � 5:6þ lipid ð%Þ � 9:44þ crude fibre ð%Þ
� 4:1þ carbohydrate ð%Þ � 4:1

Assessment of water quality parameters

Water quality parameters were measured at fortnight intervals between 09.00 and

10.00 hours. Salinity, temperature and pH were measured using an ATAGO hand

refractometer, thermometer and pH meter, respectively. Water quality parameters like

alkalinity, turbidity, TAN, nitrite-N (NO2-N), nitrate-N (NO3-N) and phosphate-P (PO4-P)

were analysed immediately after sample collection following standard methods (APHA

1998). Total suspended solid (TSS) was determined at initial, 15th and 45th days of

experiment as described in APHA (1998).

Determination of microbial biomass

Total heterotrophic bacterial (THB) count and total Vibrio count (TVC) of water and soil

samples were determined on initial and 45th days by earlier described method with minor

modifications (Anand et al. 2013a). Briefly, water samples were collected in sterile poly-

propylene bottle from the centre of the tank. The soil samples were collected in sterile polythene

sheet from three places of the tank and pooled together. Water (200 mL) and soil sample (2 g

soil in 198 mL normal saline solution; NSS) were homogenized in a kitchen blender at

12,000 rpm for 30 and 60 s, respectively. Subsequently, 10-fold serial dilution was made in

NSS. A 0.1 mL of appropriate dilutions was applied in duplicate over the plates. Tryptone soya

agar containing 1.0 % w/v NaCl and thiosulfate citrate bile salts sucrose agar (HiMedia,

Mumbai, India) were used for THB and TVC counts, respectively. Plates incubated at 28 �C for

48 h and colony in the range of 30–300 counted and expressed as bacterial colony forming unit

(cfu). The percentage of TVC/THB was determined using the following formulae:

Table 1 Proximate composition of feed

Nutrients Proximate composition (%)

Crude protein 37.67

Crude lipid 5.55

Crude fibre 10.27

Total ash 20.64

Acid insoluble ash 6.59
1Carbohydrate 17.44
2Organic matter 79.36

Moisture 8.43
3Gross energy

(KCal/100 g)
376.96

1 Carbohydrate ¼ 100�ðcrude proteinþ crude lipidþ ashþ crude fiberþmoistureÞ
2 Organic matter ¼ 100� Ash ð%Þ
3 Gross energy ¼ ðcrude protein� 5:6Þ þ ðcrude lipid� 9:44Þ þ ðcrude fibre� 4:1Þ þ ðcarbohydrate� 4:1Þ

Kcal 100 g�1 (NRC 1993)
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TVC=THB ð%Þ ¼ 100� ðtotal Vibrio count/total heterotrophic bacterial countÞ

Estimation of yield parameters

At the end of the experiment, the final body weight, specific growth rate (SGR), feed

conversion ratio (FCR), protein efficiency ratio (PER) and survival were calculated as per

our earlier described methods (Anand et al. 2013b).

Statistical analysis

Growth performance, water quality parameters and bacterial load were determined in

juvenile and sub-adult groups by independent sample t test as biomass were different in

these two systems. The percentage data were arcsine transformed before analysis. The

significance was determined at 95 % probability levels. All analysis were performed using

statistical software package SAS v.9.1 program (SAS Institute, Cary, NC, USA).

Results and discussion

In the present study, molasses was used as carbon source at C:N ratio 10:1 to efficiently

convert the inorganic nitrogen into microbial protein (Avnimelech 2012). It contained

water-soluble, readily available disaccharide and monosaccharide, which helps in faster

growth of microbes and production of good-quality floc (Xu and Pan 2012). The organic

carbon content in molasses was 28 % and agrees with the range of earlier report (Samocha

et al. 2007). Proximate composition of experimental diet fed to juveniles and sub-adults

during the experimental periods is presented in Table 1. The experimental diet contained

all required nutrients at optimum level for shrimp growth. The crude protein content was

37.67 % and is in the range of optimum protein requirement, 35–40 % for P. monodon

(Chen 1998).

Water quality parameters in the biofloc system

During the study period, temperature and salinity ranged from 27.5 to 30.8 �C and

11.2–12.5 ppt, respectively. Supplementation of carbohydrate resulted in significantly

lower (p \ 0.05) pH in juvenile, J ? CHO (7.72 ± 0.10) and sub-adults, SA ? CHO

(7.66 ± 0.09) compared to their respective control J - CHO (8.08 ± 0.05) and SA -

CHO (8.12 ± 0.03). Similarly, addition of carbohydrate resulted in insignificant reduction

in alkalinity by 11.5 and 22.0 % in J ? CHO and SA ? CHO compared to their control,

J - CHO (146.10 ± 14.22) and SA - CHO (154.9 ± 16.67 mg CaCo3/L), respectively.

Higher C:N ratio allows microbial growth in aquaculture (Azim et al. 2008). It has been

reported that 0.12 g of NH3-N and 0.44 g of inorganic carbon (HCO3
-) are required for

synthesis of 1 g microbial biomass (Hargreaves 2006). Therefore, comparatively lower

alkalinity and pH recorded in the carbohydrate added groups might be due to higher rate of

bicarbonate (HCO3
-) consumption during the bacterial synthesis (Azim et al. 2008).

The water nutrient parameters of the experimental groups are presented in Fig. 1.

Carbohydrate supplementation in sub-adult (SA ? CHO) significantly reduced (p \ 0.05)
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Fig. 1 Dissolved inorganic nitrogen and phosphorous metabolites in juveniles and sub-adults of P.
monodon over the time periods a total ammonia nitrogen (TAN), b NO2-N, c NO3-N, d PO4-P. ab Values
within the same experimental system (juvenile or sub-adult) at the same time with different superscripts are
significantly different (p \ 0.05). Error bar represents SE. J ? CHO juvenile with carbohydrate
supplementation; J - CHO juvenile without carbohydrate supplementation; SA ? CHO sub-adult with
carbohydrate supplementation; SA - CHO sub-adult without carbohydrate supplementation
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the total ammonia nitrogen (TAN) compared to control, SA - CHO throughout the

experimental periods. Similarly, SA ? CHO recorded significantly lower (p \ 0.05) level

of nitrite-N and nitrate-N compared to control, SA - CHO. The present results agree with

the earlier findings which reported a lower inorganic nitrogen like TAN, nitrite-N and

nitrate-N in the water column after carbohydrate supplementation (Hari et al. 2006; Xu and

Pan 2012). Bacteria play a major role in ammonium uptake. Previous studies have shown

that uptake of inorganic nitrogen occurs when C:N ratio of organic matter increased to 10.

The increased bacterial count observed in water column and soil might have helped in

reducing the TAN and nitrite-N by favouring their uptake for microbial protein synthesis

(De Schryver et al. 2008). However, the response to carbohydrate supplementation in

juveniles was different from sub-adults. The TAN and nitrate-N levels were not signifi-

cantly different between the treatment groups of juvenile (J ? CHO and J - CHO)

throughout the experimental periods. Further, comparatively lower TAN was observed in

juveniles (0.13–0.43 mg L-1) compared to sub-adults (0.15–0.85 mg L-1). During enzy-

matic process, uptake of substrate is dependent upon initial substrate concentration (Geets

et al. 2006). Therefore, lower level of nitrogen metabolites observed in juveniles may have

affected the outcome of carbohydrate supplementation. Apart from manipulation of C:N

ratio, the presence of soil–water interface and continuous aeration promotes nitrification,

denitrification and volatilization process (Hargreaves 1998; Herbert 1999). The presence of

soil in the present study might have allowed the co-existence of both heterotroph-based

microbial synthesis and autotroph-based nitrification and denitrification. Overall, the

higher TAN reduction in sub-adults compared with juveniles suggests that supplementation

of carbohydrate at latter part of culture period could play a significant role in control of
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a b
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Fig. 2 a Turbidity and b Total suspended solid (TSS) in juveniles and sub-adult of P. monodon over the
time periods. ab Values within the same experimental system (juvenile or sub-adult) at the same time with
different superscripts are significantly different (p \ 0.05). Error bar represents SE. J ? CHO juvenile with
carbohydrate supplementation; J - CHO juvenile without carbohydrate supplementation; SA ? CHO sub-
adult with carbohydrate supplementation; SA - CHO sub-adult without carbohydrate supplementation
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nitrogen metabolites compared to early phase of culture. This becomes more important as

nitrogen metabolites tend to increase with culture duration.

The quantity of biofloc produced over the time periods are presented as TSS and

turbidity in Fig. 2. Supplementation of molasses significantly increased (p \ 0.05) the

turbidity and TSS in both juveniles and sub-adult groups. The present findings are in line

with earlier reports where increased flocculated particles recorded after carbohydrate

supplementation (Hari et al. 2004; Azim et al. 2008).

Microbial analysis

The microbial communities developed over the time periods among the treatment groups are

presented in Table 2. Supplementation of carbohydrate significantly increased (p \ 0.05) the

THB load in the soil and water column. The molasses-supplemented groups recorded water

THB count, 3.10 ± 0.34 9 106 and 4.47 ± 0.63 9 106 cfu mL-1 in J ? CHO and

SA ? CHO in comparison with 1.23 ± 0.12 9 106 and 1.95 ± 0.28 9 106 cfu mL-1 in

J - CHO and SA - CHO, respectively. Similarly, significantly higher soil THB count was

noted in the molasses-supplemented groups compared to control. Biofloc relies over the

growth of heterotrophic microbes existing within the culture system, by increasing the C:N

ratio (Hari et al. 2004; Azim et al. 2008). The higher microbial load in molasses-added groups

could be attributed to production of biofloc and increased total suspended solid and turbidity.

Many of the biofloc systems have used lined ponds due to ease of operation (Burford

et al. 2004). However, provision of soil base in the shrimp culture promotes the microbial

food webs (Moss and Pruder 1995; Ritvo et al. 1998). Further, soil base used in the present

study helped to simulate the natural pond condition. The level of soil microbes recorded in

the present experiment was about 100 times higher compared to water. This may be due to

deposition of microbial floc at the soil–water interface.

The total Vibrio count (TVC) and species-specific Vibrio population are assay for

assessing the health of shrimp (Lavilla–Pitogo et al. 1998). In the present experiment,

insignificantly higher TVC was recorded in the water and soil of carbohydrate-

Table 2 Effect of carbohydrate supplementation on microbial load in water and sediment of juvenile and
sub-adult Penaeus monodon (mean ± SE)

Microbial parameters Juvenile system Sub-adult system

J ? CHO J - CHO SA ? CHO SA - CHO

Water

THB count (9106 cfu/ml) 3.10 ± 0.34a 1.23 ± 0.12b 4.47 ± 0.63a 1.95 ± 0.28b

TVC (9104 cfu/ml) 2.55 ± 0.38 1.77 ± 0.25 3.17 ± 0.13 2.40 ± 0.13

TVC/THB % 0.82 ± 0.07 1.48 ± 0.31 0.73 ± 0.09 1.21 ± 0.26

Soil

THB count (9108 cfu/ml) 7.87 ± 0.76a 3.52 ± 0.39b 13.23 ± 1.12a 5.03 ± 0.85b

TVC (9105 cfu/ml) 2.95 ± 0.80 1.81 ± 0.18 5.09 ± 1.03 2.30 ± 0.64

TVC/THB % 0.04 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 0.05 ± 0.02

THB count total heterotrophic bacterial count, TVC total Vibrio count, J ? CHO juvenile with carbohydrate
supplementation, J - CHO juvenile without carbohydrate supplementation, SA ? CHO sub-adult with
carbohydrate supplementation, SA - CHO sub-adult without carbohydrate supplementation
ab Values within the same row, the same experimental system (juvenile or sub-adult), with different
superscripts are significantly different (p \ 0.05)
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supplemented groups. Carbohydrate supplementation supplies readily available carbon for

microbial growth including pathogens. In such situation, relative percentage of TVC with

respect to THB could be a measure to assess health of shrimp. In present experiment,

despite the increase in Vibrio load, a lower TVC/THB % noticed in the water column of

molasses-added groups, J ? CHO (0.82) and SA ? CHO (0.73) compared with control

groups, J - CHO (1.48) and SA - CHO (1.21). This reflects that heterotrophs dominate

over Vibrio in the water column of biofloc system. In soil, the TVC/THB % was 0.04–0.05

among the treatments. This suggests that growth of Vibrio is less influenced in soil

compared to water column by the developmental stages and carbohydrate addition. In

biofloc, most of the microbial studies focused on relative composition of algae and het-

erotrophs (Burford et al. 2003; Ju et al. 2008). To understand the biofloc in disease

perspective, a pathogen–heterotrophs interaction need to be explored. The sequencing of

16 s rRNA gene and density gradient gel electrophoresis will help to identify different

microbes including Vibrio species in biofloc, shrimp gut and their aquatic environment to

understand pathogen–heterotrophs interaction.

Growth performance

The growth performance of juvenile and sub-adult tiger shrimp is presented in Table 3.

Supplementation of molasses increased the final body weight in J ? CHO (6.51 ± 0.44 g)

and SA ? CHO (22.52 ± 0.98 g) compared with respective controls J-CHO

(5.05 ± 0.45 g) and SA-CHO (20.00 ± 0.33 g). Similarly, significantly (p \ 0.05) lower

feed conversion ratio (FCR) and higher protein efficiently ratio (PER) observed in car-

bohydrate added groups of juvenile and sub-adults. Overall, a higher PER registered in

J ? CHO (1.56 ± 0.15) and SA ? CHO (1.81 ± 0.05) compared with J - CHO

(1.01 ± 0.10) and SA - CHO (1.21 ± 0.10), respectively. Previous studies have shown

the improved growth of shrimps with addition of external carbon source (Hari et al. 2004;

Xu and Pan 2012; Anand et al. 2013a). Wasielesky et al. (2006) demonstrated that

L. vannamei grow better in biofloc system compared to clear water. Although mechanism

of bioflocs in promoting shrimp growth is largely unknown, the earlier reports suggest the

Table 3 Effect of carbohydrate supplementation on growth performance in juvenile and sub-adult of P.
monodon (mean ± SE)

Yield parameters Juvenile system Sub-adult system

J ? CHO J - CHO SA ? CHO SA - CHO

Initial weight 1.56 ± 0.04 1.56 ± 0.04 14.32 ± 0.22 14.32 ± 0.22

Final weight 6.51 ± 0.44 5.05 ± 0.45 22.52 ± 0.98 20.00 ± 0.33

Weight gain % 311.53 ± 28.57 232.92 ± 46.89 58.03 ± 12.17 39.67 ± 2.30

SGR 3.13 ± 0.15 2.63 ± 0.33 1.00 ± 0.17 0.74 ± 0.04

FCR 1.74 ± 0.16a 2.67 ± 0.26b 1.47 ± 0.04a 2.23 ± 0.19b

PER 1.56 ± 0.15a 1.01 ± 0.10b 1.81 ± 0.05a 1.21 ± 0.10b

Survival 77.01 ± 8.29 64.50 ± 4.89 88.89 ± 6.42 66.67 ± 6.42

SGR specific growth rate, FCR feed conversion ratio, PER protein efficiency ratio, J ? CHO juvenile with
carbohydrate supplementation, J - CHO juvenile without carbohydrate supplementation, SA ? CHO sub-
adult with carbohydrate supplementation, SA - CHO sub-adult without carbohydrate supplementation
ab Values within the same row, the same experimental system (juvenile or sub-adult), with different
superscripts are significantly different (p \ 0.05)
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involvement of several ways. Burford et al. (2004) suggested that flocculated particles rich

in bacteria and phytoplankton contributed 18–29 % additional nitrogen retention in L.

vannamei. The presence of many bioactive compounds such as carotenoids, chlorophylls,

phytosterols, bromophenols and amino sugars is expected to work as growth promoters (Ju

et al. 2008). Recently, Xu and Pan (2012) reported that biofloc improves the digestive

enzyme activity in shrimp. However, up to what extent these possible mechanisms are

working at different development stages of shrimp need to be explored. Earlier, Burford

et al. (2004) reported that additional nitrogen retention due to biofloc was higher in 1-g

shrimp compared to 5 and 9 g. In the present experiment, both juvenile and sub-adult

groups with carbohydrate addition recorded higher body weight, specific growth rate, PER

and lower FCR with respect to without carbohydrate added control groups. This suggests

that both the developmental stages of shrimp are able to consume biofloc produced after

carbohydrate addition. Moreover, a better survival observed in carbohydrate added groups,

J ? CHO (77.01 ± 8.29) and SA ? CHO (88.89 ± 6.42) compared to their respective

controls J - CHO (64.50 ± 4.89) and SA - CHO (66.67 ± 6.42). Addition of carbohy-

drate helped to maintain good water quality parameters, especially TAN and nitrite-N in

sub-adult group. Probably, this helped to have better survival in SA ? CHO compared to

all other treatments.

In conclusion, the results of this study confirmed the importance of biofloc in both

juvenile and sub-adult of tiger shrimp. The supplementation of carbohydrate improved the

growth rate, helped in maintaining good water quality and in return better survival. Further

research needed to characterize the microbial community in biofloc, and their effect on the

digestive and immunological responses in shrimp.
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