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Abstract
Future use of animal protein sources in prawn feeds is expected to be considerably reduced as a consequence 

of increasing economical, environmental and safety issues. Of main concern has been the use of expensive marine 
protein sources, such as fish meal which often results in fouling of water quality and disease outbreak in cultured 
species. To determine prawn capacity to use practical feeds with plant proteins as replacement ingredients to animal 
protein sources, 8-months growth trial was conducted in two sets of ponds using juvenile (0.02 gm) Macrobrachium 
rosenbergii. Among the two sets, one set (comprising of three ponds) is experimental pond included formulated feed 
prepared with 30% Entermorpha intestinalis dust along with other general ingredients and another set (comprising of 
another three ponds) is control pond with commercial feed. Mean final weight, percent weight gain, final net yield, feed 
conversion ratio and survival were evaluated. Higher condition index values, survival rate and gain in prawn weight 
were observed in experimental pond compared to control pond. Low FCR values were observed in the experimental 
pond than the control pond. Evaluation of production parameters at the end of the study demonstrated significant 
differences (P ≥ 0.05) among two ponds. The variation may be attributed to specially formulated plant based feed that 
not only boosted up the growth of prawns, but also upgraded the ambient aquatic health. These results indicate that 
fish meal can be replaced with algal protein sources in diets without affecting prawn growth and production.
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Introduction
Macrobrachium rosenbergii culture is gradually gaining 

momentum in the present era owing to its price, taste, fast growth rate, 
less susceptibility to diseases and its compatibility to grow with carps. 
In a successful prawn culture, a great deal of consideration is generally 
given to feeding and management. Feed costs constitute 40-60% of 
operational costs in production of the freshwater prawn [1]. Fish meal 
(trash fish, shrimp dust) is a major source of protein in the commercial 
prawn feed. But, this use of fish meal is very much expensive for farmers 
in the developing country and it also generates ammonia in the pond 
environment. Mallasen [2] found that in M. rosenbergii, larvae in later 
stages of development were more sensitive to ammonia than those in 
the earlier stages, attributing this to having more developed gills with 
a larger surface area. In a controlled experiment, [3] found that for 
late juveniles (4.13-4.49 g) of M. rosenbergii, mortality increased and 
growth decreased significantly as ammonia levels increased. Ammonia 
reduces feeding activity [2] and this result in the more production 
of residual feed which lowers the dissolved oxygen (DO), increases 
biological oxygen demand (BOD) values. All these ultimately lead to a 
stunted growth and mortality of the species [3]. 

The Gangetic delta at the apex of Bay of Bengal offers a congenial 
environment in terms of salinity and other hydrological parameters for 
the growth and culture of scampi [4]. Algal abundance and diversity 
are largely determined by the physico-chemical characteristics of 
mangal [5] and these may be extremely variable. Hence, dried seaweed 
powder can be used as supplementary feed ingredients in prawn feed 
as a source of protein in and around Indian Sundarbans. The present 
attempt is a humble approach for standardization of the feed from 
floral components in the areas of Indian Sundarbans, which can not 
only result in the economic upliftment of the poverty stricken island 
dwellers, but also may open up an avenue of alternative livelihood.

Materials and Methods
Prawn and experimental units

Two sets of ponds were selected at Kalidaspur (22o10'21''N, 

88o53'55'' E) which is situated at Chhotomollakhali Island in the fringe 
area of Sundarban Tiger Reserve (STR) (Figure 1). Of these two sets 
of pond, one set (comprising of three ponds) was treated as control 
(395 m2) and the other set (comprising of another three set) was treated 
as experimental (780 m2). 8 months (February to September) feeding 
trial was conducted from 2011-2013. Prawn seed collection is a major 
practice in coastal West Bengal, which is presently discouraged by all 
sections of the society due to its linkage with several environmental 
issues like ecological crop loss, uprooting of mangrove seedlings, 
health problems of seed collectors etc. To step aside all these dark 
environmental issues seeds were procured from a   hatchery of Nellore 
district of Andhra Pradesh, and stocked with initial size 1.00 cm and 
0.02 gm body weight in each pond. The mean stocking weight was 
determined from a sample of 100 prawn seeds that were blotted to free 
from water. Before stocking all the prawn seeds are well acclimatized to 
avoid temperature and pH shocks [6]. 

During the experimental period dissolved oxygen (DO), 
temperature (°C), salinity (psu), pH, ammonia (µgatl-1), nutrient 
(nitrate, phosphate and silicate) concentration (µgatl-1) were analyzed 
following the standard spectrophotometric method [7]. Organic 
carbon content of pond bottom soil was estimated by the standard 
titration method [8] concentrations were measured. The mean values 
of these two sets of ponds (designed as control and experimental) are 
expressed in all the result section.

Feeds and feed management

Experimental diets were formulated using 30% of Enteromorpha 
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intestinalis dust (Table 1) using 'Pearson square' method. The feed 
ingredients were chosen on the basis of its nutritional status, price and 
year round availability in the local market. Experimental diet was given 
to the experimental ponds of Kalidaspur. Commercial diet purchased 
from local market was given to the control ponds containing fish meal. 

Analysis of proximate composition of prawn feeds (commercial and 
experimental) including protein by Lowry’s method [9], carbohydrate 
by phenol sulfuric acid reagent [10], lipid content by Soxhlet method 
as described by [11], ash and moisture by standard weight difference 
method [12] were done before application of feed and the result (Table 1) was 

expressed in terms of mean ± SD of dry weight (mean ± SD of DW).

As a part of scientific culture, feed chart was maintained on the basis 
of days of culture (DOC) during the culture period in the experimental 
pond [13].     

Zoo-technical parameters 

Individual weights and lengths of prawn were taken at fortnightly 
interval for 8-months culture period and the relevant response 
variables were determined for each set of control and experimental 
ponds. Condition Index (C.I.) was analyzed at fortnightly interval 
during the culture period as per the expression; C.I.=W/L3×100, 
where W=weight of the cultured species (in gm) and L=length of the 
cultured species (in cm). Percentage weight gain was calculated as 
the difference in weight from the average final weight with respect 
to the initial weight; weight gain=[(average individual final weight – 
average individual initial weight)/average individual initial weight] 
× 100. Feed consumption reported was the total of the consumption 
estimated for 8 months period. Specific growth rate (%) was calculated 
after the harvesting of prawns as per the expression: SGR (%)=ln 
(final weight) – ln (Initial weight)/days of experiment × 100 [14]. 
The survival rate was determined as percentage of the difference of 
stocking number and number recovered at the end of the experimental 
trial. Feed Conversion Ratio (FCR) was analysed after the harvesting 
of shrimps as per the expression: FCR=Δf/Δb, where, Δf=Change in 
feed biomass and Δb=Change in body biomass of the cultured species. 
Protein efficiency ratio (PER) was estimated according to the following 
equation: PER=increase in mass of animal produced/mass of protein 
in feed (Weight gain/Protein intake) [14]. Length-weight relationship-
The biometric measurements of the cultured species were made with 
graduated scale. The measurements taken were total length (TL) from 
the tip of the rostrum up to the tip of the telson. The measurements were 
made to centimeter (cm) as described by FAO species identification 
sheets for fishery purposes [15]. The specimens were also weighed 
using a pan balance for taking the total weight (TW). The length-weight 
relationship (Figures 5a and 5b) was estimated using the equation:

W= aLb

Where, W=total weight, L=total length, a=regression constant, b= 
regression coefficient.

Statistical analysis

All data were expressed in terms of mean and standard deviations/
range (±SD/range). Analysis of variance (ANOVA) was computed 
between all the selected parameters (indicators of our experiment) 
considering both set of control and experimental ponds to evaluate 
the differences caused by inclusion of Enteromorpha intestinalis dust 
in the feed. All statistical calculations were performed using SPSS 9.0 
for Windows.

Results 
In general, soil and water quality parameters are the important 

variables influencing the productivity of a water body and the biological 
performance of cultured aquatic species [16]. During the study period, 
all the physico-chemical water parameters of ponds were found to be 
within the acceptable limits for M. rosenbergii as reported in various 
literatures [17-22].

Physico-chemical parameters 

The results of physico-chemical parameters of the two sets of ponds 
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Figure 1: Map showing location of culture ponds.

Components Diets
Experimental diets Commercial diet

Soybean meal 10 10
Rice bran 17 17
Wheat bran 4 4
Fish meal/ Shrimp meal - 30
Mustard oil cake 34 34
Vitamin + Mineral mixture 5 5
Enteromorpha intestinalis dust 30 -
Proximate analysis (%)
Crude protein 34.94 ± 1.2 34.71 ± 1.4
Soluble carbohydrate 33.89 ± 1.9 31.69 ± 2.1
Crude Fat 6.1 ± 0.99 7.0 ± 0.80
Ash 10.2 ± 0.12 9.0 ± 0.11
Moisture 9.5 ± 0.11 8.5 ± 0.12

Table 1: Ingredients (%) and proximate composition (% DW basis) of experimental 
diets and commercial diet.
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(comprising of three control ponds and three experimental ponds) are 
shown in Table 2.

ANOVA result of physico-chemical parameters has been given in 
Table 3 and trend line equation has been shown in Figure 2.

Zoo-technical parameters

Data on growth and protein content of the cultured species are 
given in Tables 4 and 5 respectively. The trend line equations of length-
weight relationship for two ponds during the culture period are shown 
in Figures 5a and 5b. The growth curve (Length and weight) has been 
given in Figure 3 and condition index curve has also been represented 
in Figure 4. 

Discussion
The culture of the prawn species was carried out in the estuarine 

sector of North east part of Bay of Bengal. Waters in the ponds were 

stocked either by drawing the water from the adjacent estuaries or by 
rain water stocking. However, in both cases the pond water showed 
traces of salinity due to their location in the saline belt. In general, soil 
and water quality parameters are the important variables influencing 
the productivity of a water body and the biological performance of 
cultured aquatic species [16]. During the study period, all the physico-
chemical water parameters of ponds were found to be within the 
acceptable limits for M. roserbergii as reported in various literatures 
[17-22]. ANOVA results (Table 3) indicated no significant difference 
between surface water temperature and salinity between two sets of 
ponds of three stations due to spatial similarity. The two sets of ponds 
(control and experimental) selected in this station are about 500-700 
meters apart. Hence uniformity between the two sets is a normal 
phenomenon. Significant differences with respect to organic carbon 
of pond bottom soil, dissolved oxygen, nitrates, phosphates of water 
were observed (p<0.01) which clearly indicates the difference in water 
quality due to application of different types of feed. 

February March April May June July August September
E C E C E C E C E C E C E C E C

Surface water 
temperature (oC)

28.4 
(28.2-
28.7)

28.5
(28.1-
28.6)

29.2
(29.0-
29.5)

29.2
(29.0-
29.5)

32.1
(32.0-
32.2)

32.2
(32.0-
32.3)

33.5
(33.4-
33.9)

33.5
(33.2-
33.7)

34.9
(34.7-
35.0)

35.0
(34.8-
35.2)

35.1
(34.9-
35.3)

35.0
(34.8 
-35.2)

35.0
(34.9-
35.2)

35.0
(34.8 
-35.2)

33.2
(33.0-
33.4)

33.1
(32.9-
33.3)

Dissolved 
oxygen 
( mgl-1)

5.12
(5.10-
5.15)

5.39
(5.35-
5.41)

5.20
(5.19-
5.22)

5.05
(5.00-
5.06)

4.98
(4.95-
5.00)

4.43
(4.41-
4.45)

4.84
(4.82-
4.86)

4.57
(4.55-
4.59)

4.80
(4.78-
4.83)

4.44
(4.42-
4.47)

4.51
(4.50-
4.53)

4.36
(4.32-
4.38)

4.39
(4.35-
4.41)

4.02
(4.00-
4.05)

4.26
(4.22-
4.28)

3.98
(3.95-
4.01)

pH  8.01 
(7.99-
8.02)

 8.05
(8.03-
8.07)

7.99
 (7.97-
8.01)

7.97
 (7.95-
7.98)

7.99
 (7.97-
8.01)

7.93
 (7.92-
7.94)

7.95
 (7.93-
7.96)

7.84
 (7.83-
7.85)

7.89
 (7.88-
7.90)

7.62
 (7.61-
7.63)

7.76
 (7.75-
7.78)

 7.51
(7.50-
7.52)

7.59
 (7.58-
7.60)

7.02
 (7.01-
7.04)

7.40
 (7.39-
7.41)

6.97
 (6.96-
6.98)

Salinity 
(psu)

2.24
s(2.22-
2.26)

2.32
 (2.30-
2.34)

2.67 
(2.65-
2.68)

 2.71
(2.69-
2.72)

2.93
 (2.91-
2.94)

 2.97
(2.96-
2.98)

3.10
 (3.09-
3.12)

3.02 
(3.01-
3.03)

2.08
 (2.06-
2.09)

1.97
 (1.95-
1.98)

1.03
 (1.01-
1.04)

0.99
 (0.98-
1.01)

1.00
 (0.98-
1.02)

0.96
 (0.95-
0.98)

0.94
 (0.93-
0.96)

0.82
 (0.81-
0.83)

Nitrate 
(µgatl-1)

9.98
(9.95-
10.02)

9.50
 (9.45-
9.56)

10.22
(10.15-
10.39)

11.85
(11.80-
11.90)

12.77
(12.65-
12.90)

14.95 
(14.90-
15.05)

15.83
(15.20-
15.96)

17.62
(17.55-
17.82)

17.83
(17.75-
17.90)

20.77
(20.18-
20.89)

20.44
(20.23-
20.52)

24.75
(24.50-
25.07)

23.91
(23.74-
23.98)

26.20 
(26.03-
26.25)

24.12
(24.10-
24.17)

26.98
 (26.30-
27.07)

Phosphate 
(µgatl-1)

 0.91
(0.87-
1.02)

 0.89
(0.85-
1.02)

 1.11
(0.98-
1.15)

1.17
 (1.15-
1.19)

 1.21
(1.20-
1.24)

 1.58
(1.57-
1.60)

 1.30
(1.28-
1.31)

 1.60
(1.58-
1.62)

 1.92
(1.91-
1.94)

 2.01
(1.98-
2.03)

1.98
(1.97-
2.02)

 2.16
(2.15-
2.18)

 2.02
(2.00-
2.04)

3.14
(3.12-
3.16)

 2.65
(2.64-
2.67)

 3.82
(3.80-
3.84)

Ammonia
 ( µgatl-1)

1.4
(1.1-
1.6)

3.6
(3.5-
3.8)

1.7
(1.4-1.8)

3.9
(3.7-
3.9)

1.9
(1.7-2.2)

3.7
(3.5-
3.9)

2.2
(2.0-
2.4)

4.0
(3.8-
4.1)

2.0
(1.8-
2.2)

4.2
(3.9-
4.3)

2.4
(2.1-
2.6)

4.1
(3.8-
4.2)

2.6
(2.4-2.8)

4.2
(4.0-4.4)

2.6
(2.4-2.8)

4.3
(4.1-4.6)

Soil organic 
carbon (%)

0.98
(0.97-
0.99)

1.02
(1.01-
1.03)

1.01
(0.99-
1.03)

1.06
(1.05-
1.08)

1.05
 (1.02-
1.07)

1.14
(1.12-
1.16)

1.07
 (1.05-
1.09)

1.19
(1.17-
1.20)

1.09
 (1.07-
1.10)

1.23
 (1.22-
1.25)

1.31
 (1.30-
1.33)

1.85
 (1.83-
1.87)

1.63
(1.61-
1.64)

2.02
 (2.01-
2.03)

1.71
 (1.69-
1.72)

2.15
(2.13-
2.18)

Table 2:  Physico-chemical parameters recorded during the conduct of experiments at Kalidaspur.

Parameters Within Month Between pond
Fcrit Fobs P-value Fcrit Fobs P-value

Surface water temperature 3.78 3883.46 5.1E-12 5.59 0.17 0.68
Dissolved oxygen 3.78 11.07 0.00 5.59 7.46 0.03
pH 3.78 9.14 0.00 5.59 7.76 0.03
Salinity 3.78 599.08 3.51E-09 5.59 1.18 0.31
Nitrate 3.78 80.82 3.67E-06 5.59 20.47 0.00
Phosphate 3.78 11.00 0.00 5.59 6.00 0.04
Silicate 3.78 11.07 0.00 5.59 3.37 0.11
Chlorophyll a 3.78 10.69 0.00 5.59 11.57 0.01
Alkalinity 3.78 3.13 0.07 5.59 13.54 0.00
Hardness 3.78 58.32 1.12E-05 5.59 29.08 0.00
BOD 3.78 5.42 0.02 5.59 18.95 0.00
COD 3.78 9.61 0.00 5.59 19.42 0.00
Ammonia 3.78 6.27 0.01 5.59 392.15 2.09E-07
Soil pH 3.78 4.34 0.04 5.59 9.45 0.02
Soil organic Carbon 3.78 14.39 0.00 5.59 10.46 0.01

Table 3: ANOVA result showing different physico-chemical parameters between experimental and control ponds at Kalidaspur.

http://dx.doi.org/10.4172/2332-2608.1000138


Volume 3 • Issue 3 • 1000138J Fisheries Livest Prod
ISSN: 2332-2608 JFLP, an open access journal

Citation: Ghosh R, Mitra A (2015) Suitability of Green Macroalgae Enteromorpha intestinalis as a Feed Form Macrobrachium rosenbergii. J Fisheries 
Livest Prod 3: 138. doi:10.4172/2332-2608.1000138

Page 4 of 10

 

y = -0.182x + 5.352
R² = 0.866 (Control)

y = -0.137x + 5.379
R² = 0.952 (Experimental)

0
1
2
3
4
5
6

Fe
br

ua
ry

M
ar

ch

A
pr

il

M
ay

Ju
ne

Ju
ly

A
ug

us
t

S
ep

te
m

be
r

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
lit

)

Months

Control

Expermintal

Figure 2:Physico-chemical parameters of control and experimental ponds with trend line equations at Kalidaspur.
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The trend lines of these variables (Figure 2) along with their 
respective equations and R2 values confirmed the variation of water 
quality through application of mangrove based feed. During these 8 
months the temperature shows a rising trend in all this station which 
is the characteristic feature of tropical ecosystem. The trendlines of DO 
exhibit a decreasing trend which is the outcome of increase of biomass 
with respect to time that consumes more oxygen for respiration 
from the ambient aquatic phase. The declining trendlines of pH in 
all the stations is the outcome of more respiration with the increase 
of biomass and also due to accumulation of residual feed. In all the 
three stations, the trendlines decline more in control ponds which is 
due to the presence of animal ingredients of the feed that are readily 
decomposed by microbes resulting in lowering of pH. The decreasing 
trendlines of salinity in all three stations is the effect of precipitation 
and run off that increases from February to September. Practically, July 
to September is the monsoon season in the present geographical locale 
and hence which is reflected to a decreasing trend of salinity. The rising 
trendlines of nitrate and phosphate in all the stations is the outcome 
of run off during monsoon and decomposition of the organic matter 
(particularly from the residual feed). The rising trend in ammonia is 
because of fouling of uneaten feed, protein rich feed and larval excreta, 
which is higher in control ponds than in the experimental ponds. In 
the control ponds, the commercial feed was used which contains fish 
meal with high protein that generates ammonia. Chl a concentration 
also showing rising trends, because of the increase of nutrient load 
with the passage of time, increase of biomass and also with the increase 
in concentrations of inorganic nitrogen and P-orthophosphate in the 
water [23]. The rising trendlines of soil organic carbon in all the stations 
is due to residual feed and liberation of excreta of cultured species. 
The trendlines are rising more in control pond which is due to the 
presence of more residual feed containing trash fishes as the primary 
ingredients and it is decomposed by microbes, because, organic carbon 
accumulation in the sediments was about 25% of the organic carbon 
added with the feed [24].

Critical analysis of the zootechnical parameters (Table 4) revealed 
better growth of the cultured species in experimental pond. In addition 
to increase of survival rate of the cultured species, the specific growth 
rate also increased in the experimental pond. ANOVA results ((p<0.01) 
indicate significant difference in biomass between experimental 
and control sets of ponds, which is due to different feed ingredients 
applied to two different types of sets. The allometric equations for 
the length-weight relationship revealed some interesting features 
like proportionate increase of length and weight of the prawns in the 
experimental pond throughout the culture tenure. On contrary, such 
proportionality has decreased with the increase of age of the stocked 
individuals in the control pond (Figure 5a). The picture of survival rate 
was similar to the increase of biomass rate or specific growth rate. In all 
the three stations, the survival rate was more in the experimental ponds 
compared to the control ponds.

The FCR value was a litmus test of the situation. Low FCR values 
were observed in experimental set that indicated majority of the feed 
converted into biomass which was also an indication for acceptability 
of plant based feed by the cultured species. In case of control set of 
pond the FCR value (p<0.05) (relatively higher than the experimental 
pond) reflected a major quantum of wastage with low input in the 
biomass sector. The maximum percentage of feed wastage in case of 
control set remained as residual feed, which degraded the water quality 
and pond environment, as indicated by the condition index values. 
The index is the reflection of the health of ambient environment of 
cultured species and its lower value (as seen in case of control pond) is a 
reflection of degraded environment. Similar results were also reported 
by Md. Hasanuzzaman et al. [16] who got the least FCR (2.52) for 80% 
replacement of fishmeal by soybean based meal and also reported by 
Gitte and Indulkar, Jintasataporn, Hari and Kurup, Millikin et al. [25-
28] who used fishmeal based feed for freshwater prawn. High PER in 
experimental ponds gave a measure of appropriate use of the protein 
source in the diet that provides amino acid requirement of the prawn 
and a well balanced diet for energy and protein. Plant protein in prawn 

Parameters Experimental pond Control pond
Prawn biomass (gm)
(n=100 for each month)

Initial biomass=0.02 
Final biomass=80.83 

Initial biomass=0.02 
Final biomass=74.49 

Survival rate (%) 71.6 67.9
Specific growth rate (%/day) 3.40 3.37
Length-weight relationship  Uniform; Figure 5b. Mostly non-uniform (weight has not proportionately increased 

with length) Figure 5a.
FCR 1.89 2.02 
PER 2.45 2.15
Condition index  (average of 8  months) 0.89 0.85
Production (kg m-2) 0.12 0.10

Table 4: Growth parameters of Macrobrachium rosenbergii fed Enteromorpha dust at Kalidaspur.                                                      

Month Experimental pond Control pond
Feed Protein (%) Prawn Protein (%) Feed Protein (%) Prawn Protein (%)

February 34.89 ± 1.2 53.19 ± 1.3 34.23 ± 1.5 53.67 ± 1.4
March 34.76 ± 1.7 55.38 ± 1.6 34.23 ± 1.4 55.12 ± 1.8
April 34.45 ± 1.5 57.49 ± 1.4 34.23 ± 1.6 56.34 ± 1.6
May 35.13 ± 1.5 61.14 ± 1.4 34.24 ± 1.5 58.16 ± 1.8
June 34.46 ± 1.4 63.69 ± 1.3 35.14 ± 1.4 59.24  ± 1.9
July 35.96 ± 1.3 63.16 ± 1.5 36.17 ± 1.4 60.45 ± 1.7
August No feed 63.59 ± 1.6 No feed 61.12 ± 1.6
September No feed 64.21 ± 1.5 No feed 61.39 ± 1.7

Table 5: Protein content in prawn feed and prawn tissue during culture period at Kalidaspur.                                                    
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feed seems to be the major player for such variation. Digestibility studies 
in freshwater prawn have indicated that the species can efficiently digest 
both plant and animal protein sources [29]. The omnivory of freshwater 
prawn permits the use of a wide variety of locally available feedstuffs 
including commercial by-products as ingredients in formulated diets. 
To create a balanced diet, it is necessary to establish a minimum protein 
level to provide essential amino acids to the cultured species [30,31]. 
The protein levels of feed in the experimental set of pond (Table 1) 
might be the factor responsible for acceleration of growth, PER and 
survival percentage. Millikin et al. [28] indicated that M. rosenbergii 
species attained best growth at 40% protein level in feed. Castell et al. 
[32] have concluded that protein level in feed ranges from 30 to 38% for 
the best growth of M. rosenbergii. 

Condition index values were also higher in experimental sets in 
comparison to the control sets in the study site (P < 0.05). It proves that 
the experimental ponds during the culture period had a better water 
and soil quality which was congenial for the growth of cultured species. 
This may be attributed to the use of floral based feed in the experimental 
sets that contaminates the ambient water and soil quality to a lesser 
extent compared to the animal based feed, which contaminates the 

ambient media through generation of ammonia, nutrients, organic 
matter and hydrogen sulfide.

Growth of Macrobrachium rosenbergii depends on sex, stage 
and environmental factors such as food quality and quantity, water 
temperature and salinity [33]. Length-weight relationship study of fish 
is a useful index to measure the variation in the growth of individual 
prawn or group of prawns [34] as well as for stock assessment [35]. 
Its importance is pronounced in assessing the average weight at given 
length group [36] Beyer and in assessing the relative well being of a 
fish population [37,38]. This feature indicates that the formulated feed 
from plant origin regulates the length-weight relationship throughout 
the culture period in a uniform pattern. The deviation from uniformity 
in control pond might be attributed to use of commercially available 
feed from local market which was fed without any regularity as stated 
in the feed chart. This commercial feed composed of trash fish and 
shrimp dust as a source of protein. This increased the load of residual 
feed in the pond bottom leading to less biomass production in the 
control pond. Variation in the length-weight relationship obtained 
between the experimental and control sets of ponds at all the three 
locations for Macrobrachium rosenbergii was due to the variation in 
food composition, population density, environmental conditions and 
genetic make up of the species which has been well documented in 
earlier studies [39-41].

The benefit of any aquaculture venture is reflected through the 
ultimate production figure, which showed significant variation between 
the experimental and control pond. In this study, the final production 
was also high in experimental pond than control pond. The variation 
may be attributed to specially formulated plant based feed that not 
only boosted up the growth of prawns, but also upgraded the ambient 
aquatic health.

The present study showed the growth of Macrobrachium rosenbergii 
was significantly increased through the use of Enteromorpha intestinalis 
to replace the fishmeal. Micro algae are excellent producers of essential 
amino acids [42]. Various studies have done by using the seaweeds 
as a feed ingredient on the aquatic animals. Similar results have been 
found by Asino et al. [43], who got the better result in large yellow 
croaker (Pseudosciaena crocea) with increasing supplementation 
of Enteromorpha prolifera. Gracilaria bursa-pastoris, U. rigida and 
Gracilaria cornea were evaluated in juvenile Dicentrarchus labrax diets 
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Figure 4: Monthly variations in Condition Index of Macrobrachium rosenbergii 
in bothculture ponds at Kalidaspur.

Figure 3: Growth performance of Macrobrachium rosenbergii fed Enteromorpha dustexpressed in length and weight at Kalidaspur.
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Figure 5a: Length-weight relationship of Macrobrachium rosenbergii  in control pond at Kalidaspur.
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Figure 5b: Length-weight relationship of Macrobrachium rosenbergii  in experimental pond at Kalidaspur.
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by Valente et al. [44]. Davies stated that replacing Porphyra purpurea 
meal has growth limitation but partial substitution with superior 
fish meal can be cost effective. Investigation made by Nakagawa et 
al. [45] showed that Ulva meal repressed lipid accumulation in the 
intraperitoneal fat without affecting the growth and feed efficiency of 
fish at supplementation levels of 2.5%, 5% and10%. Penaflorida and 
Golez [46] observed a better weight gain in small shrimp Penaeus 
monodon (200 mg) fed diet including 50 gkg-1 Kappaphycus alvarezii 
meal and a lower growth with the supplementation of 30 gkg-1 
Gracilaria heteroclada meal; however, in a second feeding trial with 
bigger shrimp (500 mg), differences were not significant. Briggs and 
Funge-Smith [46,47] also observed a significant reduction in growth of 
P. monodon fed diets containing 300 gkg-1 of the red seaweed Gracilaria 
spp.; negative effects could be attributed to the high ash content, low 
dietary protein content or the high levels of soluble fibre present in the 
experimental diets owing to high seaweed inclusion levels. Cruz-Suarez 
et al. [48] found a significant increase in growth (530–680 g kg-1) in 
white shrimp L. vannamei juveniles (450 mg) fed diets containing 20 
or 40 gkg-1 of Mexican kelp meal (M. pyrifera), although when Chilean 
kelp meal (M. pyrifera) was tested (40 and 80 gkg-1 inclusion levels) 
in L. vannamei (643 mg), a slight increment in weight gain, but not 
significant, was observed. The inclusion of Sargassum sp. meal (20-
40 gkg-1 inclusion levels) or kelp meal M. pyrifera (40 gkg-1 inclusion 
level) produced growth similar to the control diet or a diet containing 
30 gkg-1 of pure alginate as a binder. According to Cruz-Suarez et 
al.[49], feeding the feed supplemented with Ulva clathrata meal to 
shrimp (Litopenaeus vannamei) resulted in better growth than feeding 
them diets supplemented with Ascophyllum nodosum and Macrocystis 
pyrifera meals. Addition of Spirulina in the diet of giant freshwater 
prawn (Macrobrachium rosenbergii) significantly improved growth, 
survival and feed utilization regardless of supplementation level in 
range of 5-20% [50]. Partial replacement of fish meal by the microalgae 
S. platensis, Hypnea cervicornis and Cryptonemia crenulata has also 
been evaluated in juvenile Pacific white shrimp, Litopenaeus vannamei 
with significant increase of growth [51]. Higher condition index 
values, survival rate, biomass and lower FCR were also observed in 
Penaeus monodon in Indian Sundarbans by total replacing the animal 
ingredients with dust of red seaweed Catenella repens [52]. 

The use of seaweeds (with considerable protein content) in feed 
for prawn farming seems to be a promising way for the utilization 
of these marine floral resources in Indian Sundarbans. The island 
dwellers of Indian Sundarbans, who are mostly below poverty line, 
may be benefited through such alternative livelihood programmes of 
manufacturing fish feed from endemic floral resources.

Conclusion
The present study indicates that, animal protein can however be 

replaced by plant protein, which will minimize the toxicity of water, 
production cost and maximize the production per unit area and 
growth of prawns. The present programme is a humble approach for 
standardization of the feed from mangrove associate in the aquaculture 
sector, which results not only in the economic upliftment of the island 
dwellers of Gangetic delta through sustainable prawn culture, but also 
may open up an avenue of alternative livelihood, through development 
of small scale endemic plant based fish feed industry. 
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