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Abstract: The present study aimed to evaluate the effect of rate restricted feeding on the growth 
performance and feed utilization efficiency of prawn (Macrobrachium rosenbergii) in improved traditional 
pond culture system. There was a control group (T
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1, ad libitum of prawn) and two treatments which 
were 25% reduction(T2) and 50% reduction (T3) of artificial feed than control and each treatment 
was triplicated. After nine experimental ponds (each was 120 m2) preparation, prawn PL was reared 
in the nursery pond for 45 days to become juvenile and the juvenile was then stocked in grow out at 
density of 2/m2. After 100 days of culture, the final mean weight was 16.14±8.2, 16.56±1.57 and 
19.33±7.75 g for T1, T2 and T3 respectively. Higher SGR (2.89 % BW/d) was found in T3 which 
was significantly (p<0.05) higher than T1 (2.67 % BW/d) and T2 (2.72 %BW/d). Significantly 
(p<0.05) lowest survival rate (71%) was observed for T3 and highest survival rate (93%) was found 
forT1. The feed conversion efficiency (FCR) decreased significantly (p<0.05) with increasing feed 
restriction and lowest value (0.81) was observed for T3

Bangladesh is blessed with freshwater prawn (Macrobrachium rosenbergii) culture because of 
vast amount of freshwater and brackish water, suitable resources, geographic position, agro 
climatic environment, water, soil and available culture technique (Wahab et al., 2012; Ahmed 
et al, 2008a). Excess feed is considered as one of the major source of wastes that affects 
water quality, consume 40% operating cost in semi-intensive system and 55%-60% cost in 
intensive culture system (Boyd and Tucker, 1998; Chanratchakool et al., 1994; Lovell, 1998). 
Inappropriate feeding practices in pond aquaculture system may lead to over feeding of 
animal which results in feed wastes resulting high production cost. Conversely, less feeding 
may cause poor growth and high mortalities which may cause loss in aquaculture business 
(Eroldoğan et al., 2006). In shrimp and prawn culture system, farm managers usually develop 

. The protein efficiency ratio (PER) and net 
apparent protein utilization (NPUa) found to increase with increasing feed restriction which indicates 
the better utilization of feed. The present study indicates that prawns are subjected to rate restriction 
of feeding condition was able to maintain the same and even high growth rate as control.   
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feeding table to ensure feed all the day near to satiation level. Restricted feeding table may 
help to reach desired Feed Conversion Ratio (FCR), but can also lead to negative growth 
under adverse culture (Nunes, 2004). Under restricted feeding, animals can convert a greater 
part of feed to body weight without any negative effect on body growth and nutrient 
utilization than they are supposed to do under unrestricted feeding ration regime (Ali et al., 
2003). Additionally, natural food (phytoplankton, zooplankton and bacteria) can provide up 
to 50-70% of the nutritional requirement of shrimp/prawn (Jory, 2000; Enríquez, 2003; 
Tacon, 2002). Usually, each food manufacturer recommends feeding rates based only on 
prawn size and biomass, but they are not considering the availability of natural food and the 
nutrients produced by fertilization, which lead to overfeeding (Millamena, 1990). In pond 
culture system, only 17% (dry weight) of the total feed is transformed into shrimp biomass, 
20% egested as faeces, 15% is not consumed or leached, 48% covers energy for 
maintenance, moulting and metabolizing (Primavera, 1993). Nevertheless, there is little or 
no information available on the effects of moderate or severe feed restriction on the growth 
performance of prawn in pond culture system. In this study, it has been hypothesized that it 
is possible to restrict feed exposure and feeding rates without hampering of M. rosenbergii 
growth. So, the present study has been undertaken to determine the effect of restricted 
feeding on growth performance and feed utilization of prawn in pond culture system. 
 

Materials and Methods 

Experimental design: The experiment was conducted with two treatments following a 
control group. The control group was feeding of prawn at satiation level and was expressed 
as T1. The first and second treatments were denoted as T2 and T3, which contained group of 
prawn fed at 25% and 50% reduction of artificial feed than control. Each treatment 
including the control group were triplicated. The study was conducted for a period of six 
months (June-November) during the year, 2016. 

Pond preparation: Nine rectangular ponds each of 120 m2 with an average depth of 1.5 m 
were used for this experiment. The ponds were dewatered and dried in the sun for one 
month to remove the unwanted organisms. The embankments of the ponds were repaired 
and reconstructed. Liming (CaCO3) was done at a rate of 250kg/hectare on the bottom and 
dike of ponds. After watering, rotenone was applied at the rate of 6kg/hectare/feet of water 
depth to eradicate the unnecessary organisms. The ponds were fenced with net to prevent 
the entering of unwanted organisms. The water depth of the experimental plot was 
maintained at 1.5 m by adding underground water during the dry season from a central 
water distribution channel. Moreover, outflow from other ponds was restricted during the 
experiment period.  

Feed and feeding : Commercial feed with 30% protein and 7% fat was used during the 
experiment period. Before feeding, the feed was analyzed to determine the proximate 
composition according to the standard procedures given by Association of Official 
Analytical Chemists (AOAC, 1980). Feed was given by using feeding tray to check the 
satiation level of prawn (control). Then 25% and 50% reduction of feed than control group 
was applied in two treatments.   
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Determination of water quality parameters: Physiochemical parameters of the water 
quality were measured at seven days interval. Digital Thermometer was used to measure 
temperature. Water pH was measured using a bench top digital pH meter (DPH-2, 
ATAGO). Dissolved oxygen (DO) of water sample was measured by Winkler methods. 
Alkalinity was measured using Neutralization Titration process method following (APHA, 
1976) and hardness was measured by complex metric titration (EDTA titration). Ammonia 
was measured by spectrophoto metric analysis (APHA, 1976). 

Data collection: Sampling was done at fifteen days intervals. Fifty individuals of prawn 
were collected from each pond for weight and length measurement by using cast net. Body 
weight was recorded by electric balance to the nearest 0.001 g accuracy. At the end of the 
experiment, all the ponds were dewatered by water pump and all the prawn were harvested 
completely to determine the survival rate, FCR and other production performance 
parameters.  

Survival (%) = Nt/N0 × 100% 
Where Nt is the number of shrimp at the end of the experiment and N0 the initial number 
of shrimp;  

Average weight gain (WG) = Wt – W0 
Where Wt is the final body weight and W0 the initial body weight of prawn (in grams). 

Daily weight gain (DWG) (g/day) = (Wt – W0)/t 
Where t is the duration of the growth interval 

Specific growth rate (SGR) (in %BW/day) = ((Ln(Wt)−Ln(W0))/t)×100 
 

Where t is the duration of the experiment in days, Wt is the final average individual body 
weight and W0 the initial average individual body weight; PER = Increase in the mass of 
animal produced (wet wt)/Mass of protein in fed; Feed conversion ratio (FCR) = Total 
amount of feed given (g)/Weight gain (g); Apparent net protein utilization (%) (NPUa) = 
Protein gained (g) × 100/protein intake (g). 
 

Results 

Growth of prawn by body weight and length: Initially, the average body weight of prawn 
was 1g. After 100 days of culture, the harvested weight of prawn was 16.14±8.2, 16.56±1.57 
and 19.33±7.75 g in T1, T2 and T3 respectively. Significantly highest final average weight and 
weight gain was found for the treatment T3 than other experimental groups and lowest final 
weight was observed for the control (T1) (Table 1). The individual growth of prawn was 
increased with increasing restriction of artificial feeding. At the end of the experiment, mean 
weight gain was 15.14±8.2, 15.56±1.57 and 18.33±7.75 g for the T1, T2 and T3 respectively 
(Table 1).  Moreover, comparatively higher weight gain was observed for T3 throughout the 
experimental period compared to other treatments (Fig. 1).  
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Fig.1:Prawn mean weight at different sampling periods of different feeding treatments 

At the end of the experiment the final mean length of prawn in different treatments 
was 11.7±2.04, 11.8±1.57 and 12.40±1.51 cm respectively for T1, T2 and T3.Significantly 
highest mean final length was observed for T3 (Table 1). Moreover, comparatively higher 
length was observed for T3 throughout the experimental period compared to other 
treatments (Fig. 2).  

 
Fig.2: Prawn mean length at different sampling period of different feeding treatments 
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Survival rate: At the end of the experiment, the survival rate of prawn in T1, T2 and T3 was 
93±4.7, 87±12.96 and 71±5.89% respectively. Highest survival rate was found for T1 in 
which the prawn was fed at satiation level and lowest survival rate was found in T3 where 
the restriction of artificial feed was highest. No significant difference was found between T1 
and T2 but significant difference was found between T1 and T3 as well as between T2 and T3 

(p<0.05) (Table 1). 

Specific growth rate (SGR): The mean specific growth rate of prawn in T1, T2 and T3 was 
found 2.67±0.46, 2.72±0.42 and 2.89±0.40 (BW%/day) respectively (Table 1). Highest 
SGR was found in T3 which was statistically significant than other experimental groups. 
Lowest SGR was found in T1 in which the prawn was fed at satiation. SGR increased with 
increasing restriction of feeding. 

Daily weight gain (DWG): The mean daily weight gain for T1, T2 and T3 was 0.15±0.08, 
0.16±0.02 and 0.18±0.08 g/day respectively. Highest DWG was found in T3 whereas lowest 
DWG was found in T1 (p<0.05) (Table 1). The DWG increased with increasing feeding 
restriction in the experiment. 

Feed conversion ratio (FCR): The FCR value was 1.49±0.1, 1.16±0.13 and 0.81±0.08 in 
the experimental groups of T1, T2 and T3 respectively (Table 1). Highest FCR was found in 
T1 (control) which was statistically significant than other groups and lowest FCR was found 
in T3 (50% feeding restriction) and intermediate FCR value was found in T2. FCR decreased 
with increasing feeding restriction. 

Protein efficiency ratio (PER): The PER value in T1, T2 and T3 was 2.23±0.28, 2.86±0.19 
and 4.13±0.25 respectively. Highest PER value was found in T3 which was statistically 
significant and lowest PER value was found in T1 (Table 1). The results indicated that when 
PER was high then FCR was low. The protein efficiency ratio increased with increasing 
restriction of artificial feeding. 

Apparent net protein utilization (NPUa): The NPUa in T1, T2 and T3 was 42.80±11.23, 
51.32±8.45 and 87.75±13.43% respectively (Table 1). Highest NPUa was found for T3, 
which contained lowest amount of feed compared to other treatments. Significant 
difference was found between T3 and other experimental groups. The net protein utilization 
increased with increasing restriction of feeding.  

Gross and net production: The gross production in T1, T2 and T3 was 299±15.22, 
287±42.94 and 274±22.78 kg/ha respectively. While, net production in T1, T2 and T3 was 
280±14.27, 270±40.34 and 260±21.60 kg/ha respectively (Table 1). However, no significant 
difference was observed for gross and net production among the experimental groups. 
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Table 1: Growth performance and feed utilization of M. rosenbergii in different experimental 
groups. Similar alphabet along the row indicates no significant (p<0.05) difference. 

 
 

Parameters T1 (control) T2 T3 
Final weight (g) 16.14±8.2 16.56±1.57a 19.33±7.75a b 
Weight gain (g) 15.14±8.2 15.56±1.57a 18.33±7.75a b 
Final Length (cm) 11.7±2.04 11.8±1.57a 12.40±1.51a b 
DWG (g/day) 0.15±0.08 0.16±0.02a 0.18±0.08a b 
SGR (%BW/day) 2.67±0.46 2.72±0.42a 2.89±0.40a b 
Survival rate (%) 93±4.7 87±12.96a 71±5.89a b 
FCR 1.49±0.1 1.16±0.13a 0.81±0.08b c 
PER 2.23±0.28 2.86±0.19a 4.13±0.25a b 
NPUa (%) 42.80±11.23 51.32±8.45a 87.75±13.43a b 
Gross production 
(kg/ha) 

299±15.22 287±42.94a 274±22.78a a 

Net production (kg/ha) 280±14.27 270±40.34a 260±21.60a a 

 

Water quality parameters: In the present study, important water quality parameters, like 
pH, temperature, dissolved oxygen (DO), alkalinity, hardness, ammonia salinity were 
monitored. No significant difference was found among the treatments for the parameters. 
All water quality parameters were within the acceptable range for freshwater prawn culture 
(Table 2).  

 
Table 2: Mean±SD values and ranges of water quality parameters in different experimental 

groups 

Water quality Parameters Experimental groups 
T1 T2 T3 

Temperature (°C) 27.31±4.53 27.21±4.48 27.37±4.34 
DO (mg/L) 4.90±0.67 5.09±0.70 5.03±0.67 
pH 7.58±0.17 7.62±0.17 7.66±0.18 
Ammonia (mg/L) 0.19±0.1 0.17±0.13 0.12±0.04 
Salinity (ppt) 0.53±0.32 0.59±0.21 0.56±0.23 
Alkalinity 
(CaCO3 mg/L) 211.51±40.95 215.48±37.13 176.19±41.33 

Hardness (CaCO3 mg/L)  224.92±128.3 216.98±101.29 253.65±102.78 

Discussion 

Feed is the major operational cost in prawn and shrimp aquaculture systems, a concern of 
farmers is not to overfeed the cultured animals (Tan and Dominy, 1997). Any reduction of 
allocated feed to farm raised prawn could bring economic savings in commercial farms. 
Moreover, it is a matter of doubts on what level of reduction of feeding rates could be 
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undertaken without hampering prawn growth. In the present study, the average growth of 
prawn was statistically higher in T3 with50% reduction of the artificial feed than control 
(prawn fed at satiation). This study partially supports the study of Nunes et al. (2006) where 
the growth of shrimp fed to apparent satiation (control) and a restriction of 25% and 50% 
showed no significant differences. Nunes et al. (2006) performed their study in indoor tank 
culture system where no natural food was used and the source of nutrients came only from 
the supplemental feed. In the present study, the prawn was reared in pond culture system 
where prawn got nutrition from both the natural and artificial sources. Porchas et al. (2012) 
found 68% of natural food consumption and 32% of artificial food consumption in natural 
productivity (phytoplankton, zooplankton, benthic fauna) enhanced ponds (by fertilizers) 
whereas in unenhanced pond, shrimp consumed 58% of formulated feed and 42% of 
natural food. In the present study, the final body weight of prawn fed at apparent satiation 
and a restriction of 25% of feed did not differ significantly. These results suggest that prawn 
fed to apparent satiation were overfed and, some feed restriction would be possible (Nunes 
et al., 2006). The SGR and DWG were significantly high in T3than other treatments of this 
study. This might be due to the high growth rate in T3 as the survival rate was low at final 
harvesting, so the competition for consuming feed might be low. The survival rate of prawn 
was significantly lower in T3 than other groups. In pond culture system without shelter, 
prawn might be attacked by other prawn during moulting as prawn/shrimp show 
cannibalistic behavior. As the restriction of feeding was more in T3, prawn may not find 
sufficient feed as early stage and might be attacked by other individuals. While growing, the 
prawn could get more feed due to the lower survival rate and could find more natural food 
which has a great impact on the growth rate of prawn. Nunes et al. (2006) found no 
significant difference for survival rate between shrimp fed at satiation and upto 50% 
reduction of feed. But, a feed reduction of 75% over the shrimp's apparent satiation was 
very severe and the survival rate was significantly low. In the present study, the FCR 
decreased with increasing feeding restriction and T3 showed lowest FCR which was 
statistically significant. Generally, the maximum utilization of feed occurred above the 
maintenance feeding level but below the satiation or maximum feeding level (Eroldogan et 
al. 2004; Rowland et al. 2005) and the best feed conversion efficiencies are attained below 
satiation (Zoccarato et al. 1994; Van Ham et al. 2003; Eroldogan et al. 2004). More feeding 
causes overload of stomach and intestine resulting in low digestion and absorption of feed 
which increased FCR (Jobling, 1986; Storebakken and Austreng, 1987a). In the present 
experiment, T3 showed the highest PER value and lowest FCR value due to the better 
utilization of feed. The apparent net protein utilization (NPUa) increased with increasing 
feeding restriction and T3 showed highest NPUa which was statistically significant. The 
increased net protein utilization and increased protein efficiency ratio with restricted feeding 
was due to the increased apparent digestibility and retention of protein in the tissue of 
prawn. It has been reported that protein utilization and loss of nitrogen decreased with 
increasing feeding level (Du et al., 2006; Ballestrazzi et al., 1998;Storebakken and Austreng, 
1987a). Though the average final weight was high in T3, the average gross and net 
production was not statistically significant because of the survival rate. The survival rate in 
T3 was lowest, so the production was not statistically significant. On the other hand, the 
culture period was only for 100 days, the prawn did not reach the marketable size resulted 
low production. Water quality parameters were within the culturable range reported by  
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different authors (Fair and Foftner, 1981; New, 2002; FAO, 2001; Hossain et al., 2000; Jia-
Mo et al., 1988; Ali et al., 1982; FAO, 2015; New, 1995; Wetzel, 2001; Wickins, 1972) and no 
significant difference was found. In the present study, the average final growth, PER and 
NPUa increased with feeding restriction while FCR decreased with restriction of feeding 
which is a good indication for the better utilization of feed. 

Conclusion 

The growth rate of prawn increased significantly in treatment (T3) where 50% restriction of 
artificial feed was applied. There was a significant effect of restricted feeding on survival rate 
of prawn and T3 showed the lowest survival rate. The feed conversion efficiency (FCR) 
decreased significantly with increasing restriction of feeding. The protein efficiency ratio 
(PER) and net apparent protein utilization (NPUa) was increased with increasing feeding 
restriction due to the better utilization of feed. To get better result this type of experiment 
should be extended upto marketable size of prawn. 
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