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Abstract 
Five isonitrous (30%) experimental diets containing 10, 15, 20, 25 and 30% fish meal were prepared and offered to P. monodon in 
indoor culture tanks at the rate of  three times per day for a period of 90 days. The growth performance parameters of  P. monodon 
showed progressive increase from F1 to F5 diets. The nitrogen gain, consumption and also the phosphorus gain and consumption were 
high in F5 diet fed group. The FCR ranged between 1.64 ± 0.03 and 2.06 ± 0.07. The percentage of nitrogen and phosphorus retention 
was high in F5 diet fed group. Total nitrogen loss was high in F1 diet fed shrimps; whereas, total phosphorus loss was more in shrimps 
fed with F5 diet. The nitrogen loss per gram of shrimp produced was high in F1 diet fed group, but phosphorus loss per gram of shrimp 
produced was maximum in F4 and F5 diets fed groups.  The nitrogen and phosphorus loss per gram of feed consumed were also varied 
much between shrimps fed on the test diets. In respect to the variation in consumption and retention of nitrogen and phosphorous, total 
phosphorus and nitrogen loss was also varied much and it ranged between 4.513 to 7.42 and 13.43 to 49.65 kg t -1 shrimp production. 
Increase in fish meal from 10 to 30% even at low iso-protein level altered the total nitrogen and phosphorus retention and loss in P. 
monodon culture system. 
 
Keywords: Fishmeal, Nitrogen, Phosphorus, P. monodon 
 
Introduction 
Aquaculture, especially shrimp farming, has been the target 
of constant pressure from non-governmental organizations 
and environmental agencies, which report that the activity 
imposes considerable harm to coastal environments.  
However, adequate management strategies with regard to 
feeding, water quality and soil quality have contributed to 
make the activity sustainable (Maia et al., 2011; Brito and 
Olivera, 2010). 
  
 Intensive aquaculture practice always leads to release of 
both organic and inorganic nutrients through branchial and 
urinary or faecal loss together with feed wastes into the 
environment. Aquaculture wastes are largely dietary in 
origin with estimates of 52 to 95% of feed nitrogen ending 
up as waste (Wu, 1995). The organic nutrients cause oxygen 
deficit conditions in water bodies, while inorganic 
compounds such as phosphate and ammonia lead to 
eutrophication (Persson, 1990). Therefore, there is a 
growing consensus that waste discharge from aquaculture 
operations should be reduced to minimize the negative 
impact on the environment, comply with regulations and 
limit the so called self pollution (Gowen and Bradbury, 

1987; Folke and Kaustsky, 1989). Since feed is a major 
source of waste in aquaculture, the management of 
aquaculture waste should be approached through diet 
formulation, revision of feeding regimes for specific 
farming conditions and improvement of feed utilization. 
Therefore, diet manipulations which result in less waste 
production are an attractive approach to this predicament.  
 
Fish meal, a main protein component in aquatic feeds, 
usually contains 2 to 4% phosphorus in the form of 
hydroxyapatite (mainly tricalcium phosphate), which is 
almost unavailable to fish species which lacks a stomach 
and hence the gastric juice secretion (Watanabe et al., 
1987). One of the most effective ways to improve 
aquaculture effluent water quality is through modification of 
the diet fed to cultured fish (Cho et al., 1991, 1994; Talbot 
and Hole, 1994; Cho and Bureau, 1997). However a few 
published reports have assessed the effects of diet 
formulation of fish feeds on phosphorus and nitrogen waste 
in fish farm effluent. (Weismann et al., 1988;  Cho et al., 
1991;  Ketola et al., 1991). 
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Cho et al. (1991 and 1994); Rosenlund et al. (2004) and Gao 
et al. (2005)  provided an useful method for quantitatively 
estimating dissolved and solid components of phosphorus 
(P) and nitrogen waste resulting from the use of a given diet 
formulation, utilizing growth and nutrient retention studies 
in combination with digestibility studies. Weismann et al. 
(1988) found that phosphorus retention (% P intake) of 
rainbow trout raised in a commercial trout farm could be 
increased from 21 to 50% by reducing dietary phosphorus 
from 16 to 9 g kg-1 diet. Ketola     et al. (1991) found that 
reducing dietary phosphorus from 14 to 11 g kg-1 diet 
resulted in an increase in phosphorus retention from 26 to 
40% of phosphorus intake and 49 to 61% reduction in 
phosphorus waste in the effluent of a hatchery for Coho 
salmon. 
 
Considering the paucity of information available on feed 
related nitrogen and phosphorus accumulation for 
commercially important shrimp, Penaeus monodon culture, 
an attempt has been made in the present study to assess the 
effect of dietary addition of fish meal on nitrogen and 
phosphorus metabolism by giving consideration to their 
accumulation in effluent. 
 
Materials and Methods  
Collection of shrimp 
For the present study, post larvae (PL20) of P. monodon 
(Fabricius,1998;Family:Penaeidae)were procured from a 
commercial shrimp Hatchery. The post larvae were 
transported in oxygenated bags with least disturbance and 
acclimatized to the laboratory condition (salinity 20 ppt; 
temperature 28 ± 10 C; pH 8 ± 0.2) for five days in one tone 
capacity FRP tank provided with filtered seawater with 
adequate aeration. During the period of acclimatization, the 
shrimps were fed with formulated control diet at ad libitum 
thrice a day. 
 
Experimental diets 
Five isonitrous (32.4 to 33.2 %) experimental diets  (F1 to 
F5) were prepared with varying concentration of fish meal 
(10, 15, 20, 25 and 30%) along with other ingredients such 
as groundnut oil cake, Soya meal, wheat flour, rice bran and 
cod liver oil. Additives like vitamin, mineral mix and 
NaH2PO4 were also used for the preparation of test diets. 
The proportion of various feed ingredients, used for the 
preparation of experimental diets (F1 to F5) were shown in 
Table 1. The biochemical constituents such as total protein 
(Kjeldahl.1883), carbohydrate (Roe et al., 1955), lipid 
(Folch et al., 1957), total phosphorus (APHA. 1985) in the 
experimental diets were measured following the standard 
methods.  The energy density of the experimental diets was 
also estimated using a PARR                  semi micro bomb 
calorimeter (Moline, USA) 1421. Considering the protein 
and energy value of the particular diet, P: E ratio was 
calculated. 

 
Feeding experiment 
The shrimps having an average body weight of 24.03 ± 0.72 
mg were reared in 200 l capacity FRP tanks containing 150 l 
water having 20 ppt salinity at the density of 15nos tank-1 
with well aeration in triplicate. A 3 x 5 factorial design 
experiment was conducted for a period of 90 days.  The 
water temperature recorded was 28 ± 10C and the pH was 
8.0 ± 0.2. During experimentation, the shrimps were fed 
with experimental diets at the frequency of four times per 
day at ad libitum. Unfed remains were collected daily in the 
early morning hours, followed by 50 percent water 
exchange, so as to maintain proper water quality in all the 
system. The growth of the shrimp was assessed by 
gravimetric method once in 10 days. At the end of 
experiment, the animals were collected and weighed 
individually, sacrificed following the method of Maynard 
and Loosli (1962) and stored at -200C for further 
biochemical analysis such as protein, carbohydrate, lipid 
nitrogen and total phosphorus. 
 
Growth responses 
The growth performance, biomass (g), SGR (%) and FCR 
were estimated using formula as described by Mohanty 
(1997, 1999). 
 
Food consumed by P. monodon was calculated by relating 
to total weight of the feed provided with that of the unfed 
remains. 
 
Food consumption (g dry weight) = Total amount of feed given 
– Unfed remains 

 
Growth (Biomass) in terms of wet weight was measured by 
related the final weight displayed with that of the initial 
weight. 
 
Growth (Biomass) (g wet weight) = Final weight – Initial 
weight 

 
The feed conversion ratio (FCR) is the relationship between 
growth and amount of feed intake. The FCR was calculated 
by using the formula given below. 
 
 
                  Total amount of feed given (dry weight, g) 
FCR =  
                  Total production of shrimp (wet weight, g) 
 
The specific growth rate (SGR) of shrimps was calculated 
based on the growth. It was calculated    by the following 
formula. 
 
                  ln final wet weight (g) – ln initial wet weight(g)                   
SGR (%) =    _______________________________      x100
   Experimental period (days) 
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Nitrogen and phosphorus retention/ loss 
          The methods for analysis of phosphorus and nitrogen in the 

diet, carcass and calculation of their consumption, retention 
rates and loss were estimated using the formulae described 
by Watanabe et al. (1987) and Takeuchi et al. (1989).  
 
The results obtained in the present study were subjected to 
statistical analysis following the method described by Zar 
(1974). Individual weight was analysed using one-way 
ANOVA and Student-Newman-Keuls multiple range test 
(SNK). The parameters like, growth performance, biomass, 
SGR (%), FCR, Retention and loading of nitrogen and 
phosphorus were analysed in one-way ANOVA to  
determine if significant difference exist among the different 
diets fed groups. Results were considered statistically 
significant at the level of P < 0.05. 
 
Results 
 Biochemical constituents of diets 
The proximate composition of the experimental diets were 
shown in table 1.  The protein content varied from 32.40 ± 
0.782 to 33.20 ± 0.764 %.  Carbohydrate and lipid contents 
ranged from 15.58 ± 0.410 to 16.83 ± 0.380 and 7.58 ± 
0.150 to 8.41 ± 0.162 %, respectively.  The feed phosphorus 
content showed an increasing level and it ranged from 0.323 
± 0.006 to 0.714 ±  0.014 %. 
 
Growth performance 
During 90 days of the culture period, the performance 
parameter of P. monodon showed marked variation between 
diets. For instance, the final weight of P. monodon fed with 
F5 diet was maximum (2.42 ± 0.07g) when compared with 
the minimum (1.01 ± 0.03g) weight displayed by shrimps 
fed with F1 diet. Other diets fed shrimps displayed the 
growth in the order of magnitude as F2 < F3 < F4. Food 
consumption by P. monodon was also positively related 
with the final weight gain. The better feed conversion ratio 
of 1.64 ± 0.03 registered for P. monodon fed with F5 diet 
and it was less (2.06 ± 0.07) in F1 diet fed group. In F2, F3 
and F4 diets fed groups, approximately similar FCR values 
were registered and the difference between them was not 
statistically significant (P>0.05). The trend noticed for the 
SGR of P. monodon was more or less similar to that of 
recorded for FCR value (Table 2). 
    
Shrimp whole body composition 
 The percentage biochemical composition of the whole body 
of shrimp fed with F1 to F5 diets are shown in Fig (1).  
Carcass protein content showed an increasing trend from F1 
to F5 diet fed groups with respect to increase in 
concentration of fishmeal in the diet. The total carcass 
phosphorus also established the same trend.  The carcass 
carbohydrate and lipid contents showed more or less similar 
values and ranged from 2.14 ± 0.034 to 2.96 ± 0.042  % and 
1.39 ± 0.027   to 3.00 ± 0.039 %, respectively. 
 

Figure 1. Variation in carcass biochemical constituents of 
P. monodon  fed with experimental diets (F1 to F5) 
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 Each value is a mean of triplicate samples (± SD) 
 
Retention of nitrogen and phosphorus 
Data on nitrogen and phosphorus consumption, gain and 
retention of P. monodon fed with experimental diets are 
provided in Tables 3 to 6. Nitrogen consumption of P. 
monodon showed a linear increase with respect to the 
increase in concentration of dietary fish meal and it ranged 
between 110.54 ± 3.32 and 208.93 ± 3.44 mg in F1 to F5 
diets fed groups respectively. The nitrogen gain of P. 
monodon was also showed a similar trend with that of 
nitrogen consumption and it ranged from 60.40 ± 1.27 to 
176.42 ± 2.82 mg in F1 to F5 diets fed groups. The variation 
between them was statistically significant (P<0.05) (Table 
3). Nitrogen retention of P. monodon as percentage of feed 
nitrogen varied from 53.60 ± 1.39% in F1 diet fed group to 
83.74 ± 1.29% in F5 diet fed group. Total nitrogen loss was 
also showed a decreasing trend with increase in 
concentration of dietary fish meal and it was 50.14 ± 1.22 
mg in F1 diet fed group and 32.51 ± 1.12 mg in F5 diet fed 
group.  The variation in total nitrogen loss between test diets 
fed shrimp was statistically significant (P<0.05).  Likewise, 
nitrogen loss per gram of shrimp produced was maximum 
(49.65 ± 1.26 mg g -1) in F1 diet fed group against the 
minimum (13.43±1.26 mg g -1) in F5 diet fed group. But 
nitrogen loss per gram of feed consumed also showed a 
definite declining trend and it ranged between 24.11 ± 0.74 
mg g -1 in F1 diet fed group and 8.19 ± 0.18 mg g -1 in F5 
diet fed group (Table 4) 
 
The results on phosphorus consumption of P. monodon 
established a linear increase with increase in concentration 
of fish meal in the diet and it ranged between 6.66 ± 0.153 
and 28.33   ± 0.878 mg in F1 to F5 diets fed groups. The 
phosphorus gain / retention of P. monodon was also evoked 
positively with increase in concentration of fish meal in the 
diets and it ranged between 2.104 ± 0.055 mg and 11.19 ± 
0.313 mg in F1 to F5 diets fed groups. The variation noticed 
in phosphorus gain/ retention of P. monodon fed on test 
diets was statistically significant (P<0.05) (Table 5). 
Phosphorus retention as percentage of feed phosphorus was 
also high in P. monodon received diets with 20 to 30% fish 
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meal than those received diets with 10 and 15% fish meal. 
But phosphorus loss per gram of shrimp produced was more 
(7.08 ± 0.31 mg g -1) in F5 diet fed group than fed with 
other diets. Phosphorus loss per gram of feed consumed 
deviated much between F1 to F5 diets fed shrimps and the 
recorded values were ranged between 2.213 ± 0.07 and 
4.316 ± 0.03 mg g-1.  Total phosphorus loss of P. monodon 
fed test diets were varied significantly (P<0.05) (Table 6). 
 
Nitrogen and phosphorus loss 
Based upon shrimp production, total nitrogen and 
phosphorus loss was calculated in P. monodon fed with F1 
to F5 diets. Total phosphorus loss was varied much in 
between F1 to F5 diets fed shrimps and it ranged from 4.51 
to 7.08 kg t-1 shrimp production. The variation in total 
phosphorus loss between other diets fed groups was 
statistically significant (P<0.05), except between F2 and F3 
diets, F4 and F5 diets fed groups. Total nitrogen loss also 
deviated much in between shrimps fed on F1 to F5 diets and 
it ranged from 49.65 to 13.43 kg t-1  shrimp production  and 
the variation between test diets fed groups was statistically 
significant (P<0.05) (Fig 2).  
                      
Figure 2. Total phosphorus and nitrogen loss (kg t-1 shrimp 
production)  in culture of P. monodon fed with experimental 
diets (F1 to F5).    
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Discussion 
Increasing concentration of fishmeal in F1 to F5 diets 
resulted in displacement of better FCR and SGR values in 
the candidate species.  Nitrogen consumption and nitrogen 
retention of P. monodon fed on F1 to F5 diets showed a 
linear increase with increase in concentration of fish meal in 
the diet. The relationship between nitrogen consumption and 
nitrogen retention was positive and statistically more 
significant (r2 = 0.942; P < 0.01). The nitrogen retention of 
P. monodon as percentage of feed nitrogen was low 

(53.60%) in F1 diet fed group and high (83.74%) in F5 diet 
fed group. This variation may probably be due to the lower 
protein utilization efficiency associated with inclusions of 
more amount of alternative protein source in the diet. A 
similar variation in total nitrogen retention with increase in 
concentration of alternative proteins in carps fed on 
isonitrous diets with varying level of fish meal in the diet 
was also reported by Jahan et al. (2000). The total nitrogen 
loss established an decreasing trend with raise in level of 
fish meal in the diet. The higher nitrogen loss per gram 
shrimp produced  and also per g of feed consumed  
registered in P. monodon fed on F1 diet, this  may also be 
attributed to the inclusion of alternate protein sources added 
in that diet so as to achieve the isonitrous level.  
 
  In the present study, the total nitrogen loss of P. monodon 
fed on F1 to F5 diets based on shrimp production differed 
much and ranged between 49.65 and 13.43 kg t-1 shrimp 
produced. In F1 diet fed shrimps, the total nitrogen loss was 
72.95 % more when compared to those shrimps fed on F5 
diet. The contribution of protein source by fish meal in F1 
diet is 15.0 % and the remaining 85 % of protein is 
contributed through the addition of alternate protein source 
such as groundnut oilcake and Soya meal. Increase in 
alternate protein source even at this low isoprotein level (33 
%) altered the total nitrogen loss to a greater extend. The 
present findings also supports an earlier observation by 
Watanabe and Ohta (1995), where the protein quality 
affected the nitrogen retention rate, there by reflecting the 
nitrogen output into the water environment. 
  
The phosphorus consumption of P. monodon fed on F1 to 
F5 diets established an increasing trend with the increase of 
fish meal in the diet. Similarly, the phosphorus retention 
was also showed a positive linear increase from F1 to F5 
diets. The changes in phosphorus retention as percentage of 
feed phosphorus of P. monodon may be due to the 
concentration of available phosphorus in diets, which in turn 
attributed to the inclusion of varying concentration of fish 
meal in that diets. The present results established an 
evidenced variation in total phosphorus loss, phosphorus 
loss per gram of shrimp produced and also the phosphorus 
loss per gram of feed consumed due to the variation in 
source of protein in the diet. Total phosphorus loss based on 
shrimp production varied much in between shrimps fed on 
F1 to F5 diets. Inclusion of fish meal from 15 to 30 % in F1 
to F5 diets exert its influence on total phosphorus loading 
and it ranged from 4.51 to 7.42 kg t-1 shrimp production. 
This present result is consistence with the findings of Jahan 
et al. (2000), where they reported a steady increase in the 
total phosphorus loading in carp culture system fed diets 
having 10 to 30% fish meal.  They inferred that 30 % 
inclusion of fish meal in the diets resulted in 65 % increase 
in phosphorus load over those groups fed on diet with 10 % 
fish meal. Hence it is obvious that isonitrous nature of the 
test diets at low protein level (33 %) also influenced the 
utilization of dietary phosphorus in the present study. The 
data on the present experiment have shown that total 
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phosphorus from shrimp culture can be reduced by limiting 
the use of fishmeal in the diet and the dietary fishmeal level 
can be reduced from the highest level of 30 % to 20-25 % 
without much sacrificing the FCR and SGR values with 
alternate protein such as soy meal and groundnut oilcake.  
However, inclusion of both the ingredients at higher level of 
48.5 and 27%, at the tested protein level (33%) resulted in a 
higher excretion of total nitrogen and affected the feed 
performance although it was effective for the reduction of 
total phosphorus as already reported in salmonid culture 
(Summerfelt and Johnson (1997) and Cho and Bureau 
(1997). In contrast Kim et al. (1997) measured the 
phosphorus and nitrogen excretion from the Israeli strain of 
common carp by feeding diets with different levels of blood 
meal as an alternative protein and they obtained minimum 
nutrient load and maximum growth with diets containing 
ingredients below 5%. The present experimental data have 
shown that the concentration of fish meal and also the 
alternate protein sources in the diets influenced the loss of 
total nitrogen and total phosphorus in to the environment 
and it was not found to influence the level of protein in the 
diet.  
 
Conclusion 
Based on the results obtained from the experiments there is 
a need for consideration of appropriate meal proportionate 
in order to achieve better productivity and habitat 
management.  Increase in alternate protein source even at 
this low isoprotein level (33 %) altered the total nitrogen 
load to a greater extend and also total phosphorus from 
shrimp culture could be reduced by limiting the use of fish 
meal in the diet with alternate protein such as soy meal and 
groundnut oilcake. 
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Table 1.  Proportions (g 100-1g dry weight) of various feed ingredients used for the preparation of  experimental feeds and 
Biochemical constituents of prepared feeds (F1to F5)  
 

Ingredients 
Experimental Diets 

F1 F2 F3 F4 F5 

Fish meal (g) 10.00 15.00 20.00 25.00 30.00 

Groundnut oil 
cake (g) 48.50 45.56 36.43 31.06 25.70 

Soya meal (g) 27.40 24.56 24.56 22.00 20.70 

Wheat flour (g) 2.10 1.94 4.82 5.25 9.06 

Rice bran (g) 1.00 1.94 3.19 5.69 3.54 

NaH2PO4 (g) 2.00 2.00 2.00 2.00 2.00 

Cod liver oil (g) 8.00 8.00 8.00 8.00 8.00 

Vitamins & 
Minerals (g) 1.00 1.00 1.00 1.00 1.00 

Chromic oxide 
(g) 0.50 0.50 0.50 0.50 0.50 

Biochemical  constituents     

Protein 
(mg100mg-1) 33.20 ± 0.764 32.94 ± 0.680 32.40 ± 0.782 32.90 ± 0.660 33.14 ± 0.740 

Carbohydrate 
(mg100mg-1) 16.83 ± 0.380 15.58 ± 0.410 16.80 ± 0.372 15.78 ± 0.415 16.74 ± 0.370 

Lipid 
(mg100mg-1) 8.41 ± 0.162 8.17 ± 0.166 7.86 ± 0.154 8.08 ± 0.158 7.58 ± 0.150 

Total 
phosphorus 
(mg100mg-1) 

0.323 ± 0.006 0.452 ± 0.007 0.525 ± 0.011 0.643 ± 0.006 0.714 ± 0.014 

Energy kJ g-1 13.52 13.14 13.14 13.14 13.19 

P : E. Ratio 40.72 39.89 40.56 39.94 39.80 
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  Each value is a mean of triplicate samples (± SD) 
 
Table 2.   Performance parameters of P. monodon fed with experimental diets (F1 to F5) 
 

Performance 
Parameters 

Experimental diets 

F1 F2 F3 F4 F5 

Initial wt. (mg) 22.50 ± 0.60 22.60 ± 0.70 30.40 ± 0.70 22.60 ± 0.80 23.40 ± 0.80 

Final wt. (g) 1.01 ± 0.03 1.58 ± 0.06 1.88 ± 0.03 1.92 ± 0.08 2.42 ± 0.07 

Consumption (g) 2.08 ± 0.10 2.88 ± 0.14 3.22 ± 0.08 3.48 ± 0.15 3.97 ± 0.12 

    FCR 2.06 ± 0.07 a  1.82 ± 0.06 b 1.71 ± 0.04 c 1.84 ± 0.07 b 1.64 ± 0.03 cd 

SGR (%) 4.25 ± 0.15 a 4.75 ± 0.14 b 4.60 ± 0.17 b 4.97 ± 0.19 c 5.17 ± 0.16 cd 

  
  Each value is a mean of triplicate samples (± SD) 
  Values in a row superscripted with different alphabets are statistically significant: SNK test   (P<0.05).  
 
 
 
 
 
Table 3. Nitrogen metabolism of P. monodon fed with experimental diets (F1 to F5) 
 

Diets 

Biomass 
Shrimp 

nitrogen (% 
wet weight) 

Nitrogen 
gain / 

retention 
(mg) 

Nitrogen consumption 
Initial 
weight 
(mg) 

Final 
weight (g) 

Amount of 
feed (g) 

Feed nitrogen 
(mg100 mg-1) 

Nitrogen 
consumed 

(mg) 

F1 22.50 ± 
0.60 1.01 ± 0.03 5.98 ± 0.096 60.40 ± 

1.27a 2.08 ± 0.10 5.312 ±  
0.210 

 
110.54 ± 

3.32 

F2 22.60 ± 
0.70 1.58 ± 0.06 6.72 ± 0.108 106.18 ± 

1.91b 2.88 ± 0.14 5.270 ±  
0.240 

 
151.57 ± 

3.78 

F3 30.40 ± 
0.70 1.88 ± 0.03 7.03 ± 0.098 132.09 ± 

1.98c 3.22 ± 0.08 5.184 ± 
 0.312 

 
166.67 ± 

4.22 

F4 23.40 ± 
0.80 1.92 ± 0.07 7.25 ± 0.114 139.2 ± 

1.88d 
3.480 ± 

0.15 
5.302 ±  
0.264 

 
184.24 ± 

3.87 

F5 22.60 ± 
0.80 2.42 ± 0.08 7.29 ± 0.102 176.42 ± 

2.82e 3.97 ± 0.12 5.264 ±  
0.210 

 
208.93 ± 

3.44 
 
  Each value is a mean of triplicate samples (± SD) 
 Values in a column superscripted with different alphabets are statistically significant: SNK test (P<0.05) 
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 Table 4.  Nitrogen loss in P. monodon fed with experimental diets (F1 to F5)  
 

 Diets Nitrogen retention 
as % of feed 

Total nitrogen loss 
(mg) 

Nitrogen loss / g of 
shrimp produced  

(mg g-1) 

Nitrogen loss / g 
of feed 

consumed 
 (mg g-1) 

F1 53.60 ± 1.39 50.142 ± 1.22a 49.65 ± 1.26a 24.11 ± 0.74a 

F2 68.84 ± 1.47 45.394 ± 1.36b 28.73 ± 0.87b 15.76 ± 0.68b 

F3 77.68 ± 1.62 34.58 ± 1.42c 18.39 ± 0.69c 10.74 ± 0.31c 

F4 75.18 ± 1.38 44.98 ± 1.30d 23.43 ± 0.98d 12.93 ± 0.24d 

F5 83.74 ± 1.29 32.51 ± 1.12e 13.43 ± 0.48e 8.19 ± 0.18e 

  Each value is a mean of triplicate samples (± SD) 
  Values in a column superscripted with different alphabets are statistically significant: SNK test (P<0.05). 
 
 
 
 
 
 
 
 
 
Table 5. Phosphorus metabolism of P. monodon fed with experimental diets (F1 to F5) 
 

Diets 

Biomass Shrimp 
phosphorus 

(% wet 
weight) 

Phosphorus 
gain / 

retention 
(mg) 

Phosphorus consumption 

Initial 
weight (g) 

Final 
weight (g) 

Amount 
of feed (g) 

Feed 
phosphorus 

(mg100 mg-1) 

Phosphorus 
consumed 

(mg) 

F1 22.50 ± 
0.60 1.01 ± 0.03 0.208± 0.006 2.104±a 0.055 2.08 ± 

0.10 
0.323±  
0.008 

6.662± 0.153 
 

F2 22.60 ± 
0.70 1.58 ± 0.06 0.293± 0.008 4.625±b 

0.120 
2.88 ± 
0.14 

0.452± 
 0.014 

13.012± 0.312 
 

F3 30.40 ± 
0.70 1.88 ± 0.03 0.343± 0.011 6.452±c 0.181 3.22 ± 

0.08 
0.525± 
 0.013 

16.915± 0.521 
 

F4 23.40 ± 
0.80 1.92 ± 0.07 0.424± .004 8.131±d 

0.212 
3.48 ± 
0.12 

0.643± 
 0.021 

22.383± 0.626 
 

F5 22.60 ± 
0.80 2.42 ± 0.08 0.463± 0.014 11.195±e 

0.313 
3.97 ± 
0.15 

0.714±  
0.019 28.330± 0.878 

Each value is a mean of triplicate samples (± SD) 
Values in a column superscripted with different alphabets are statistically significant: SNK test (P<0.05). 
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 Table 6. Phosphorus loss in P. monodon fed with experimental diets (F1 to F5)  
 

Diets 
Phosphorus 

retention as % of 
feed 

Total phosphorus 
loss (mg) 

Phosphorus loss / g of 
shrimp produced 

 (mg g-1) 

Phosphorus loss / g of 
feed consumed (mg g-1) 

F1 31.13 ± 0.81 4.558 ± 0.14a 4.513 ± 0.13a 2.213 ± 0.07a 

F2 34.71 ± 0.73 8.385 ± 0.12b 5.307 ± 0.18b 2.911 ± 0.04b 

F3 37.18 ± 0.64 10.763 ± 0.16c 5.565 ± 0.21c 3.250 ± 0.03c 

F4 35.59 ± 0.47 14.252 ± 0.32d 7.423 ± 0.26d 4.095 ± 0.05d 

F5 38.93 ± 0.58 17.135 ± 0.37e 7.081 ± 0.31e 4.316 ± 0.03e 

Each value is a mean of triplicate samples (± SD) 
Values in a column superscripted with different alphabets are statistically significant: SNK test (P<0.05). 
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