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1. Introduction

Abstract: The effect of dietary protein (40%, 45%, 50%, 55% and 60%) on growth, survival, 

feed conversion ratio(FCR), feed conversion efficiency(FCE), specific growth rate(SGR) and 

body weight gain (BWG) were investigated for juveniles of Fenneropenaeus merguiensis. The 

best growth was obtained with the diet containing 60% dietary protein. Feed conversion ratio 

decreased with increasing weight of prawn and is negatively correlated with dietary protein 

level. The FCR was found to be minimum (0.31) in 60% dietary protein and maximum (1.274) 

in 40% dietary protein. FCR and FCE were found to differ significantly between prawn fed 40-

45% and 50-60% dietary protein. BWG differs significantly among each treatment but SGR 

differs between prawns fed 40-45% and 50-60% dietary protein. Percentage body protein of 

prawn fed 50-60% was higher than that of prawn fed 40-45% dietary protein, whereas lipid 

content decreased with increasing dietary protein level. Overall growth performance of 

Fenneropenaeus merguiensis was significantly higher (P>0.5) in the diet containing 60% 

dietary protein when compared with 40%, 45%, 50% and 55% dietary protein.

One of the major factors limiting the economic success in any 

commercial culture of a species is the food requirement. Protein 

being an important dietary constituent among animals directly 

influences the formulation of diets and consequently affects the 

cost of production. Accumulated knowledge of the nutrient 
requirements of the prawn is limited and the lack of standard 

techniques among researchers resulted to wide variations of 

findings thereby making direct comparisons difficult. Several 

A range of feeding habits from carnivorous to herbivorous, has 

been suggested as one possible reason for the wide range in 

protein requirements among penaeid shrimp species. (Deshimaru 

& Yone, 1978)  Dietary protein levels ranging from 30 to 60 % are 

recommended for various species and sizes of marine shrimp. 

(Akiyama et al. 1992) As the principal and most expensive 

component of the diet, protein has received much attention in 

nutrition requirements studies. Animals including shrimps, must 

consume protein to furnish a continuous supply necessary for 
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replacing worn-out tissues and for synthesizing new tissues. ( 

Lim & Akiyama, 1997) Such studies however are completely 

lacking in another closely related and culturable species of 

marine prawn i. e. F. merguiensis. It is a culturable and palatable 

species and is readily available in Konkan area. For raising the 

successful culture of any species; knowledge of its nutritional 

requirement is of prime importance. Thus, in view of this 

background, present work has been designed to evaluate effect of 

varying levels of protein on the growth and biochemical aspects 

of F. merguiensis.

Five isocaloric diets with varying levels of proteins were 

prepared. Various ingredients like clam meat, rice bran and 

Groundnut oil cake were used for feed formulation. The 

proximate composition of different ingredients was determined. 

After knowing the proximate composition, five feeds with 

varying protein levels (40%, 45%, 50%, 55% and 60%) were 

formulated using Pearson's square method. Proximate analysis 

of the ingredients used and percentage proportion of different 

ingredients used in feed formulation are depicted in Table 1 & 2 

respectively.

Healthy juveniles of F. merguiensis were collected from a local 

estuary at Zadgaon, Ratnagiri and brought to the Department of 

Zoology where laboratory experiments were conducted. 20 

prawns each were stocked in plastic troughs of 20 liters capacity. 

Diet was given twice a day at the rate of 10 % body weight. 

Growth in terms of % Body Weight Gain (BWG), Food Conversion 

Ratio (FCR), Food Conversion Efficiency (FCE) and % Specific 

Growth Rate (SGR) was calculated. Prawns from each trough 

were weighted every week and biochemical analysis was done 

monthly.
  Biochemical analysis of flesh of prawns was done by using 

standard methods protein by Lowry's et al (1951) and total lipids 

by Barne's et al. (1973). Standard statistical methods were 

adopted for testing significance. One way analysis of variance 

was carried out to find out the difference among mean values of 

growth and survival of prawns. F value (P>0.05) was employed 

using LSD test to determine significant differences between the 

feeds. (Snedecor and Cochran; 1967)

The effects of dietary protein (40%, 45%, 50%, 55% and 60%) 

on growth survival and biochemical aspects of F. merguiensis were 

investigated and best growth was obtained with the diet 

containing 60% dietary protein. The growth rate of prawn fed 

50%, 55% and 60% dietary protein did not differ significantly 

from each other and was higher (P>0.5) than prawn fed with 40% 

dietary protein. (Table 3) It is evident from Table 3 that FCR 

decreases progressively with increasing dietary protein and FCE 

increases with an increase in dietary protein level. FCR and FCE 

were found to differ significantly between prawn fed 40 - 45% and 

50- 60% dietary protein. BWG and SGR increases with an increase 

in dietary protein level.  BWG differs significantly among each 

treatment but SGR differs between prawns fed 40-45% and 50-

60% dietary protein. Whole body composition of F. merguiensis 

was also significantly influenced by dietary protein content. 

Percentage body protein of prawn fed 50-60 % protein was higher 

than that of prawn fed 40-45% dietary protein, whereas lipid 

content decreased with increasing dietary protein level. 

The FCR was found to be minimum (0.31) in 60% dietary 

protein and maximum (1.274) in 40% dietary protein FCE varied 

in the range of (0.785 – 3.225) with maxima and minima obtained 

with 60% and 40% dietary levels respectively. SGR also increases 

with the dietary protein level, being maximum (2.934%) and 

minimum (1.588%) in prawn fed 60% and 40% dietary protein 

respectively. BWG also increases with increasing dietary protein 

level. A minimum of 317.77 and maximum of 1302.22 was 

observed in case of 40% and 60% dietary protein respectively. 

(Table. 3)

The CP content in the flesh of F. merguiensis in diet A (40%), 

diet B (45%), diet C (50%) and diet D (55%), diet E (60%) varied 

as 13.75%, 14.20%, 14.55%, 15 % and 16.22 % respectively. The 

values of CP in the flesh were minimum on zero day of the 

experiment (5.25%) and maximum on 90 days of experimental 

(16.22%) (Table 4). Our results are also in agreement with those 

made by Hafedh (1999) in Nile tilapia, Oreochrmis niloticus and 

Siddiqui and Howlader (1991) in Oreochrmis niloticus who are 

reported that FCR decrease with increasing dietary protein level. 

In fact, FCR is also usually overestimated at a higher feeding rate 

as the experimental animals do not consume all the feed offered to 

them.
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  3. Results and Discussions:

2. Materials and Methods 

Table  1. Proximate composition of ingredients used in feed 

formulation.

Ingredient Proteins Lipids Carbohydrates

14%

49.96%

46.93%

10%

8.66%

5.00%

4.5 %

28.31%

18.03%

Rice bran (RB)

Groundnut Oil Cake (GOC)

Clam meat

Table  2. Quantity of individual ingredient to be used in feed   

formulation.

Ingredient 40% 45% 50% 55% 60%

24.50

37.75

37.75

10

45.00

45.00

4.16

47.92

47.92

13.80

43.10

43.10

20.08

39.96

39.96

Rice bran (RB)

Groundnut Oil Cake (GOC)

Clam meat

Table 3.   Growth,  survival and  feed conversion  ratio  of F. 

merguiensis  fed varying levels of dietary protein.   

Values sharing similar superscripts do not differ significantly (P > 0.05) 

from each other.

Parameters 40% 45% 50% 55% 60%

0.45 gms

1.88 gms

1.43 gms

 a317.77

a1.274 

a0.785 

a1.588 

0.45 gms

2.10 gms

1.65 gms

 b366.66

a1.104 

a0.905 

a1.711 

0.45 gms

3.67 gms

3.22 gms

 c715.55

b0.46 

b2.173 

b2.331 

0.45 gms

5.17 gms

4.72 gms

d1048.88 

b0.38 

 b2.631

 b2.712

0.45 gms

6.31 gms

5.86 gms

e1302.22 

b0.31 

b3.225 

b2.934 

Initial av. Weight

Final av. Weight

Mean Weight Gain

BWG

FCR

FCE%

SGR



The CP content of the flesh prawn on any of the diet was 

minimum initially and high during the later culture period. 

(Table 4). This is in accordance with Maynard and Loosli (1956) 

Sehgal and Thomas (1987) and Sehgal and Sharma (1991) who 

found that the body proteins in animal increased rapidly in young 

but remained constant in the aging animal. Moreover, a linear 

relationship was observed between dietary protein and body 

protein and is in accordance with Dabrowsi (1977) who have 

also reported that in grass carp fry as the dietary protein level 

increase, flesh protein also marks an increase. These results are 

however in contrast to those of Jayachandran and Paulraj (1975) 

and Sehgal and Sharma (1991) who recorded a negative 

correlation between body protein and dietary protein in 

Cyprinus carpio and Cirrhina mrigala respectively. 

The total lipid content of the flesh of F. merguiensis in diet A 

(40%) , diet B ( 45%), diet C (50%), diet D (55%) and diet E 

(60%) varied from 5.35, 5.00, 4.50, 4.25 and 3.30% respectively. 

The maximum and minimum total lipid content in all the 

treatments were observed on zero day and 90th day of the 

culture respectively. (Table. 5) 

 the various treatments, the most economic dietary protein level 

was found to be 60%. In fact, FCR is also usually overestimated at a 

higher feeding rate as the experimental animal do not consume all 

the feed offered to them. 

The dietary protein levels for maximal growth in different 

species of crustaceans have been worked out by several workers. 

The optimum level of dietary protein was determined to be within 

the range of 52-57% for P. japonicus (Deshimaru and Yone, 1978) 

and later revised not to exceed 42% (Koshio et al. 1993), 40-44% 

for P. monodon (Alava and Lim, 1983; Shiau et al., 1991) and 36% 

or higher for P. vannamei (Smith et al. 1985) and later revised to 

30% (Cousin et al. 1993) and 15% (Araranyakananda, 1993) But 

in the present study the dietary protein level for the optimum 

growth of F. merguiensis   (60%) is almost similar to those worked 

out for P. japonicus   (52-57%) but higher than that of P. vannamei 

(36%), P. monodon  (40-44%). This support the fact that 

postlarvae of shrimp require a higher dietary protein level than 

older shrimp. ( Colvin and Brand, 1977, Chen et al., 1985, Goddard, 

1996)

Thus, the estimated protein level for optimum growth of F. 

merguiensis is 60% and may be above (since higher levels have 

not yet been tried). This value is almost similar to those worked 

out in another closely allied species of the same genera. Since the 

nutritional requirement of F. merguiensis has not been much 

investigated, therefore, such studies are still needed and are 

expected to give a precise value for protein requirement in 

relation to the amino acid requirements and optimum levels of 

energy.

Thus, an inverse relationship has been observed between 

dietary protein and flesh lipid content. This relatively low flesh 

total lipid content in relation to increased dietary protein can be 

attributed to high metabolic rate of experimental prawns in the 

orderE >D >C >B >A. This is supported by the higher growth of 

prawns in the referred order in various diets. The results get 

support from the observations made by Hafedh (1999) who also 

observed that Nile Tilapia, when fed low protein diets (25-30%) 

had lower percentage of protein and higher lipid levels than fish 

fed 35% and 40% protein diets. The growth performance showed 

progressive increase in increasing dietary protein level. Among
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Figure 1.

Figure 2

Table. 4: Quantitative analysis of muscle of Prawn showing CP 

byLowry's method  (Percent composition)  CP: Initial reading = 5. 

25 %

Table. 5   Quantitative analysis of muscles of Prawn showing lipid by 

Barne's method  (Percent composition) TL : Initial Value =7. 75%

Diet

Diet

30 days

30 days

60 days

60 days

90 days

90 days

8.75

8.20

8.3

7.65

8.15

7.65

7.50

7.10

6.05

5.80

9.75

11.70

12.00

12.30

13.05

7.15

6.80

5.75

5.30

4.50

13.75

14.20

14.55

15.00

16.22

5.35

5.00

4.50

4.25

3.30

A

B

C

D

E

A

B

C

D

E
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