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Abstract 
The experiment was conducted to assess the effect of different C/N ratios in bio floc systems on growth 

performances and digestive enzymatic activity of Litopenaeus vannamei. The experiment was carried out 

using inland ground saline water at 15 ppt salinity fortified with potassium and magnesium ions. Bio floc 

developed with different C/N ratios as treatments T1 (5:1), T2 (10:1), T3 (15:1), T4 (20:1) and T5 (25:1) 

respectively by manipulating the C/N content in feed and water by adding rice bran as carbon source and 

without bio floc used as control. After optimum floc produced in experimental tanks the juveniles 

Litopenaeus vannamei (avg wt. 3.37±0.03 gm) were stocked. At the end of the experiment the weight 

gain % and SGR was found higher (p<0.05) in treatments T3 (641.07c±12.55 and 3.29d±0.03) and T4 

(650.00c±5.88 and 3.35d±0.01) respectively and in the treatment T1 and control group the growth rate 

was showed significantly similar (p > 0.05). A better FCR T4 (1.04a±0.01), T3 (1.12a±0.02) and T5 

(1.16a±0.03) was observed significantly lower from control (2.23d±0.04) and T1 and T2. Similarly, 

significantly higher FER and PER was registered in T4 compared to control, T1 and T2 respectively. 

However, no significant difference in FER and PER was observed between T3 and T5. The 100% 

survival reported in treatments T1,T2, T3 and control groups with 99.33% and 94.33% survival reported 

in T4 and T5 groups.The different levels of C/N ratios in bio floc improved (p<0.05) the digestive 

enzymes activities in hepatopancreas and intestine like amylase, lipase, cellulose and protease in the 

treatment groups compared with control. The present study elucidates the suitability of optimum C/N 

ratios in bio floc for enhancing the growth and digestive enzyme activities in L. vannamei in inland 

ground saline water. The finding could help in reducing the environmental concern saline waste water 

discharge from the shrimp pond to the land.  

 

Keywords: Bio floc technology, C/N ratios, L. vannamei, environmental concern, inland ground saline 
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Introduction 
The aquaculture is now recognized as the fastest emerging food production sector in Indian 

agriculture, aquaculture now converted into most traditional type farming to a remarkable 

enterprise by adopting latest technologies and techniques. In India the total potential suitable 

brackish water area of 1.20 million ha available for shrimp farming in which less than 16 % is 

utilised for culture practices. The area under culture was around 1.5-1.6 lakh ha during 1997-

2007, and by 2008-09 it demolish to 1 lakh ha (22).In the increasing pressure on the land and 

water resources in the coastal areas for shrimp culture, a novel alternative will be to utilize the 

salt affected soils and saline aquifers in the inland regions of the country. Increasing inland 

salinity due to human activity has major economic, social and environmental concerns. 

Salinity in ground water and water logging by high irrigation affect the land productivity and 

also threaten the sustainability of agriculture. In India, nearly 8.62 million ha of land has been 

badly affected with the problem of soil salinity and 1.93 million KM2 area is under laden with 

ground saline water, spreaded over the states of Rajasthan, Haryana, Punjab, Gujarat, Uttar 

Pradesh, Delhi, Andhra Pradesh, Maharashtra, Karnataka and Tamil Nadu. The non-utilization 

of ground saline water, the water table in these areas is rising with startling rate causing 

secondary salinization and water logging conditions. The ionic composition of saline 
groundwater generally reflects that of seawater, the ionic composition of saline groundwater differs 

with different geological areas. The difference in ionic composition of saline groundwater varies by 

natural according to salts composition of rocks and soil water interactions. Saline groundwater 

always having the deficiency of potassium, relative to equivalent salinity of seawater. Inland 

saline shrimp farming has several advantages to coastal shrimp farming. 
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Most arid and semi-arid regions where inland saline shrimp 

farming is carried out are several hundred kilometres away 

from the sea. The water pumped out from saline aquifers i.e. 

the saline ground water is almost sterile and there by chances 

of entry of a lethal virus through water source is zero. The 

inland shrimp farming also have several advantages over 

coastal shrimp farming due to threat of disease outbreaks and 

transmission is minimal. The saline groundwater in inland 

regions is recognised as a ‘disease free environment’ for 

shrimp farming (11). 

Ground saline water deficient in potassium can be used for 

commercial shrimp farming through ionic manipulation by 

addition of muriate of potash (KCl) or sulfate of potash 

(K2SO4.2MgSO4) to the pond water. Addition of these 

fertilizers increase the K+ ion level of pond water and make it 

more suitable for commercial shrimp farming. The better 

survival of shrimp post larvae reared in Inland saline water of 

low salinity fortified with potassium and magnesium 

(9,25).Shrimp farming in inland saline water is required the 

minimal discharge of saline water from the shrimp ponds. 

Bio-floc system is the only best alternatives for reducing the 

water exchange in inland shrimp farming. These practices 

reduced water exchange and also reduces the cost of 

production in shrimp farming. The bio floc technology is 

considered as rich microbial communities that form flocs in 

the water column. Bio floc technology is a technique of 

enhancing water quality through the addition of extra carbon 

to the aquaculture system. This accelerated nitrogen uptake by 

bacterial growth decreases the ammonium concentration more 

quickly than nitrification (12). Immobilization of ammonium 

by heterotrophic bacteria occurs much quicker because the 

growth rate and microbial biomass growth per unit substrate 

of heterotrophs are advanced than nitrifying bacteria (12). 

Several studies reported that shrimp raise successfully in 

systems that use limited or zero water exchange (20, 28). The 

bio floc is rich source of all nutrients and satisfy all the 

nutritional requirement of the rising animals but all the 

nutritional properties of the flocs are influenced by the type of 

carbon source used to produce the flocs (7). However, the 

purpose of the present study was to find the optimum C/N 

ratio for bio floc that is responsible for best shrimp growth 

and survival in inland ground saline water. 

 

Materials and Methods 

Experimental design and bio floc preparation 

The experiment was conducted for 60 days at aquaculture wet 

lab located at Central Institute of Fisheries Education, Rohtak 

centre, Haryana, India. The Inland ground saline water with 

15ppt salinity used for the experiments were pumped out from 

the farm tube well and kept it for settled in large cemented 

tanks for few days. The ionic composition of the water prior 

to experiment initiation were analysed and fortified with 

Potassium Chloride (KCl) and Magnesium Chloride (MgCl2) 

(9). Potassium fortification was done using commercially 

available fertilizer Potassium Chloride (KCl) whose trade 

name is Muriate of potash (MOP) containing 50% K+ while 

Magnesium fortification is done using commercially available 

fertilizer Magnesium Chloride (MgCl2) whose Mg 2+ content 

is 27%. The 18 FRP circular tanks (500L) with one control C 

(clear water) and five treatments (with different C/N ratios) 

T1 (5:1), T2 (10:1), T3 (15:1), T4 (20:1) and T5 (25:1) were 

filled with fortified 15 ppt inland ground saline waters upto 

400 L each. The constant aeration provided to the experiment 

unit by air blower, through plastic tubing and air diffusers that 

maintained the bio floc present in the tanks in suspension and 

distributed throughout the water column. Flocs inoculums was 

developed (4) by adding 20g of pond bottom soil was 

collected from CIFE centre Rohtak, India in well aerated 

water (1L) containing 10mg L-1 ammonium sulphate (NH) 

4SO4 and 400mg L-1 of carbon sources (Rice Bran) in (5L) 

glass tanks after 48 hours, the inoculums were distributed 

equally into the already prepared experimental tanks.The 

tanks were kept well aerated for 10 days to ensure optimum 

floc production. After optimum floc produced in experimental 

tanks the 60/M2 SPF juveniles Litopenaeus vannamei (avg 

wt. 3.37±0.03 gm) were stocked. The SPF juveniles obtained 

from a commercial shrimp hatchery, Andhra Pradesh, India.  

Input C/N ratios were calculated based on the carbon nitrogen 

contents of the feed and the carbon content of the Rice bran. 

The nitrogen content of feed estimated by the Kjeldahl 

method and accordingly each gram of feed, carbon source as 

Rice bran added into each treatment tank for maintain the C/N 

ratio. The C/N ratio of water based solely on its total 

ammonia nitrogen (TAN) concentration (18). On average 

75% of the feed nitrogen ends up in the water by 

ammonification of unutilised feed and excretion (21) Since 

the final disposal of most (± 75%) of the added organic 

nitrogen is the culture medium, as inorganic nitrogen, mainly 

as TAN (8), it seemed practical to consider TAN as a useful 

index to estimate the concentration of total organic nitrogen in 

water. Accordingly, the concentrations of TAN of culture 

waters were determined weekly with a spectrophotometer at 

640 nm by the phenate method (3).The determination of the 

required amount of carbon to reduce the total ammoniacal 

nitrogen was calculated as follows (27).Correction (g) = 

(TAN) x C:N x EF x volume of tank (L) /1000 

Where [TAN] = Total ammoniacal nitrogen concentration 

(mg/L), C/N = C/N ratio and 

EF = equivalence factor (Rice bran 2.31). All tanks were 

aerated and mixed continuously using air stones. Water 

temperature of the experimental tanks was maintained at 

around 26°C during the culture period. No water was 

exchanged during the experimental period and only 

freshwater was added to compensate for evaporation losses 

and maintain the salinity. The photoperiod was maintained on 

a 12:12 hour light-dark cycle.  

 

Determination of water quality parameters 

The water quality parameters like temperature, PH and salinity 

were measured using a digital thermometer (TC-902, Agrawal 

Electronics, Mumbai) water PH was measured using portable 

PH meter (PH meter, Hanna Instrument, Italy) salinity was 

measured using hand-held Refractometer (Atago S/Mill-E, 

Japan). Dissolved oxygen, Total alkalinity, total ammonia-N 

(TAN), nitrite-N (NO2N) and nitrate-N (NO3N) were 

analyzed by following the procedures described in (3).  

 

Growth performance  

After end of experiment, tanks were drained and shrimp were 

collected. Shrimp from each tank were counted and total wet 

weight was determined. The growth parameters like final 

weight gain, feed conversion ratio (FCR), feed efficiency ratio 

(FER) protein efficiency ratio (PER and specific growth rate 

(%) (SGR), as follows. Weight gain = (FW-IW) × 100/ IW, 

FCR = Feed given (DW) /body weight gain (WW), FER = 

1/FCR, SGR (%) = [ln (FW) – ln (IW) /N] ×100. Where FW 

= final weight, IW = initial weight, DW = dry weight, WW = 

wet weight, ln = natural log and N = number of culture days. 
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Enzyme activity analysis 

The digestive enzymes activity was evaluated after 

completion of the experiment, shrimp from each treatment 

groups were sacrificed for digestive enzyme analysis. The 

hepatopancreas and gut of the shrimp were dissected out, 

weighed and homogenized with 0.25 M chilled sucrose on 

wet basis (pH 7, 1:10 w/v) in ice cooled condition. The 

homogenate was centrifuged at 6000 rpm for 20min at 4 °C 

(Centrifuge 5417R, Eppendorf, Germany). After 

centrifugation, the floating top lipid layer was removed and 

the supernatant solution was divided as aliquots in 1.5 mL 

Eppendorf tubes. The samples were stored at −40 °C until 

analysis. Protease, Cellulase activity was evaluated according 

to standard methods (16) and amylase activity was measured 

by using iodine solution to reveal non-hydrolysed starch (14, 

29).Lipase activity was determined based on the measurement 

of fatty acid release due to enzymatic hydrolysis of 

triglicerides in stabilized emulsion of olive oil (6, 16).Enzyme 

activities were measured as the change in absorbance using a 

spectrophotometer (UV-VIS spectrophotometer, GENEIX). 

 

Data analysis 

The statistical analysis was conducted using statistical 

package SPSS version 16.0A Means were separated at a 

significance level of P<0.05 Comparison of difference in 

means among treatments was carried out using Duncan’s 

multiple range test. 

 

 

Results  

In the present study the measured water quality in all 

experimental groups remained within recommended levels for 

shrimp culture throughout the 60 days experimental period. 

The growth performance and feed conversion (FCR, FER and 

PER) indices of Litopenaeus vannamei juveniles over the time 

period are presented in Table 1. In the present study on 

Litopenaeus vannamei has shown significantly higher weight 

gain % and SGR (p<0.05) in treatment T3 (641.07c±12.55 

and 3.29d±0.03) and T4 (650.00c±5.88 and 3.35d±0.01) 

respectively and in the treatment T1 and control group the 

growth rate was showed significantly similar (p > 0.05). A 

better FCR T4 (1.04a±0.01), T3 (1.12a±0.02) and T5 

(1.16a±0.03) was observed significantly lower from control 

(2.23d±0.04) and T1 and T2. Similarly, significantly higher 

FER and PER was registered in T4 compared to control, T1 

and T2 respectively. However, no significant difference in 

FER and PER was observed between T3 and T5.Highest 

100% survival rate was reported in treatments T1,T2, T3 and 

control groups with 99.33% and 94.33% survival reported in 

T4 and T5 groups (Table:1, Fig.1).The digestive enzymatic 

activities of this study showed that the increasing levels of 

C/N ratios in bio floc improved (p<0.05) the digestive 

enzymes activities in hepatopancreas and intestine like 

protease, amylase, lipase and cellulose in the treatment groups 

compared with control. (Table: 2 Fig.2). The lipase and 

cellulose activities in hepatopancreas and intestine were found 

significantly improved (p<0.05) in both T3 and T4 

treatments. (Table 3, Fig. 3). 

 
Table: 1 Growth performance of Litopenaeus vannamei raised in bio floc Systems with different C/N ratios in inland ground saline water. 

 

Treatments Survival% WG% SGR% FCR FER PER 

C 100 303.74a±6.32 2.32a±0.02 2.23d±0.04 0.45a±0.09 1.28a±0.03 

T1 100 360.83a±27.21 2.54b±0.09 1.92c±0.11 0.53b±0.03 1.50b±0.10 

T2 100 428.34b±27.95 2.76c±0.09 1.61b±0.10 0.62c±0.03 1.79c±0.01 

T3 100 641.07c±12.55 3.29d±0.03 1.12a±0.02 0.84d±0.02 2.39d±0.04 

T4 99.33 650.00c±5.88 3.35d±0.01 1.04a±0.01 0.96e±0.01 2.74e±0.02 

T5 94.33 593.75cd±19.34 3.22de±0.04 1.16a±0.03 0.87d±0.02 2.47d±0.07 

Data expressed as Mean ± SE, n =3; Mean values in the same column with different superscript differ significantly (p< 0.05). WG= Weight 

Gain SGR = Specific Growth Rate, FCR = Feed Conversion Ratio, FER = Feed Efficiency Ratio, PER = Protein Efficiency Ratio. 
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Fig 1: Growth performance of Litopenaeus vannamei raised in bio floc Systems with different C/N ratios in inland ground saline water. Error 

bars Represent (mean± SE). 

 
Table 2: Digestive Enzyme Activities in Intestine of Litopenaeus vannamei raised in bio floc Systems with different C/N ratios in inland ground 

saline water. 
 

Treatments Protease Amylase Lipase Cellulase 

C 0.25a±0.03 0.35a±0.01 0.6a±0.02 0.034a±0.003 

T1 0.28a±0.04 0.37a±0.01 0.65a±0.01 0.04a±0.003 

T2 0.31a±0.08 0.4a±0.09 0.75b±0.02 0.06b±0.001 

T3 0.35b±0.07 0.43ab±0.03 0.81bc±0.02 0.08c±0.009 

T4 0.36b±0.07 0.46b±0.03 0.78b±0.02 0.08c±0.003 

T5 0.35b±0.08 0.41a±0.02 0.78b±0.02 0.08c±0.001 

Data expressed as Mean ± SE, n =3; Mean values in the same column with different superscript differ significantly (p < 0.05). 

 

 
 

Fig 2: Digestive Enzymatic Activity in Intestine of Litopenaeus vannamei raised in bio floc Systems with different C/N ratios in inland ground 

saline water. Error bars Represent (mean± SE). 
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Table 3: Digestive Enzyme Activities in Hepatopancreas of Litopenaeus vannamei raised in bio floc Systems with different C/N ratios in inland 

ground saline water. 
 

Treatments Protease Amylase Lipase Cellulase 

C 0.25a±0.05 0.32a±0.09 0.83a±0.03 0.2a±0.03 

T1 0.33a±0.06 0.51b±0.09 0.93a±0.09 0.35a±0.02 

T2 0.48a±0.04 0.58b±0.15 0.98ab±0.23 0.45a±0.03 

T3 0.65b±0.05 0.75c±0.15 1.04b±0.15 0.74b±0.02 

T4 0.68b±0.06 0.74c±0.15 1.05b±0.09 0.78b±0.05 

T5 0.74b±0.04 0.71c±0.15 0.94a±0.07 0.76b±0.04 

Data expressed as Mean ± SE, n =3; Mean values in the same column with different superscript differ significantly (p < 0.05). 

 

 
 

Fig 3: Digestive Enzymatic Activity in Hepatopancreas of Litopenaeus vannamei raised in bio floc Systems with different C/N ratios in inland 

ground saline water. Error bars Represent (mean± SE) 

 

Discussion 
In present study, rice bran was used as carbohydrate source 

for its easy availability and production of good quality floc by 

this high carbon source addition recorded higher weight gain, 

specific growth rate, FER, PER and lower FCR with respect 

to low or without carbon source added in control groups. In 

the earlier reports bio floc relies over the growth of 

heterotrophic microbes existing within the culture system, by 

increasing the C/N ratio (5, 13) microorganisms in bio floc 

not only detoxifies the nutrients, but also recycle those 

nutrients and used in animal growth by improving feed 

conversion ratios (17, 28).Similarly managing bio floc 

concentration could significantly improve shrimp growth rate, 

FCR, and biomass production (24). The C/N ratio of the 

aquatic ecosystem is above 10 should result in efficient 

ammonia assimilation (4, 10). The efficiently assimilate 

ammonia convert into bacterial biomass; however, the 

nitrogen they assimilate into biomass is entered into aquatic 

food chain. One of the possible reason for low survival 

compare to control and low C/N ratios with high C/N ratios is 

that the aeration requirements is more in these groups for 

respiration, mixing and maintaining the floc in suspended 

position in water column. In higher C/N ratios, the 

heterotrophic bacteria compete for available oxygen and 

space in the bio filters (19). Similarly bio floc with the high 

C/N ratios increases the oxygen demand due to the fast 

assimilation of TAN by heterotrophic bacteria, this aspect of 

high C/N ratios can affect the species sensitive to different 

levels of dissolved oxygen (15, 23, 26). The increased 

digestive enzyme activities in T3 and T4 might have 

enhanced the digestion and nutrient absorption which might 

have contributed significantly higher (p<0.05) growth rate in 

these treatment groups as compare to control group. The bio 

floc based system, reported significantly higher digestive 

enzyme activities and better growth performance in shrimps 

(2, 30). Bio floc supplementation at the 12% level shows 

decline trend in growth rate, FCR and digestive enzyme 

activities as compared with low level of bio floc 

supplementation (2). Similarly the growth rate of fishes was 

decreases at higher level of microbial supplementation (1). 

However, the growth performance and digestive enzyme 

activities in shrimps in T5 (C/N 25) group was compared to 

low C/N ratio do not shows growth retardation effects in 

shrimps but the C/N ratios blow (20:1) in bio floc shows good 

in growth performance and digestive enzyme activities in 

shrimp raised in inland ground saline water. 

 

Conclusion 

The present study demonstrated that development of bio floc 

with C/N ratios (15:1 and 20:1) in inland ground saline water 

shows good growth performance and digestive enzyme 

activities in Litopenaeus vannamei. An important potential 

conclusion of this work is to encourage shrimp farmers in 

inland saline areas to use low cost carbon source as rice bran 

with appropriate C/N ratios for development of bio floc to 

minimizing the water exchange in inland saline areas for 

shrimp farming. 
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