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ABSTRACT

Effect of dictary protein level on the growth and survival of juvenile spiny lobster Panulirus homarus was
evaluated. Pellet diets containing three different protein levels of 340 g kg (diet A), 400 g kg! (diet B) and
460 g kg' (diet C), and a control diet of clam meat (diet D) with 470 g kg™! protein were used. The duration
of the experiment was 90 days. Survival was 100% for lobsters fed on diet C, 95% for lobsters fed on diet
A, and 85% and 60% respectively for lobsters fed diets B and D. The results indicated that diet C gave the
highest growth of 0.088 (+ 0.10) mm CL followed by diet B with 0.055 (+ 0.12) mm and diet A with 0.044
(+ 0.10) mm in comparison to the control diet (diet D) with 0.077 (+ 0.12) mm growth per day which
indicated that next to clam meat, diet C with 460 g kg protein level gave highest growth. The specific
growth rate (SGR) was 0.627 £0.03, 0.547 £ 0.03 and 0.354 & 0.01 respectively for the diets C, B and A in
comparison to the SGR of the clam diet (diet D) which was 0.685 + 0.05. Diet C with a protein level of
460 g kg!' gave good survival, SGR and FCR next to clam meat diet (D).
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Introduction

Success of intensive commercial culture of
lobsters depends heavily on the availability of relatively
inexpensive feed (D’Abramo et al., 1981). Feed quality
and cost are directly related and the feed cost ranges
from 50-70% of the total variable cost of production
(Akiyama and Chwang, 1989). There are several lacunae
in the knowledge on feed requirement of cultured spiny
lobsters. The suitability of experimental diet is evaluated
on the basis of two main criteria: (i) optimal performance
in terms of growth rate and survival and (ii) best feed
conversion ratio. Good growth was obtained for Panulirus
homarus under captive rearing with conventional diets
like meat of the clam Meretrix casta (Vijayakumaran and
Radhakrishnan, 1984; Radhakrishnan and Devarajan,
1986) and brown mussel Perna indica (Mohamed and
George, 1968; Thomas, 1972).

Feed is one of the important components involving
high cost in the operation of an aquaculture enterprise

(Cruz-Suarez et al., 2002) and this can reach upto
50% of total expenses (Akiyama and Chwang, 1989;
Martinez-Cordova et al., 2003). The nutrition and
energy requirements of aquatic animals can be provided
by protein, carbohydrate and lipid sources. Protein is
the most expensive component in balanced feeds and is
probably the most important feed element for growth of
cultured species (Cortes-Jacinto ef al., 2003a; Johnston
et al., 2003; Ward et al., 2003). Studies on the nutritional
requirements, feed conversion efficiency and growth rate
of lobsters using different compounded diets are essential
for formulating a nutritionally balanced and economical
feed that would yield a higher growth rate. This study
was conducted to evaluate the effect of dietary protein in
formulated diets on the growth and survival of juvenile
spiny lobster Panulirus homarus.

Materials and methods

Live spiny lobsters Panulirus homarus of the
required size range of 45 + 2 mm CL, weighing 88+5 g
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were collected from the coastal areas of Kovalam. The
live samples were transported to the laboratory in aerated
seawater within one hour after catch. The animals were
sorted based on size groups and acclimatised for 24 h in
seawater with continuous aeration and conditioned further
for feeding experiments.

Selection of feed ingredients

Preliminary trials in the laboratory have shown
that the lobsters prefer molluscan meal, especially
cephalopods and to an extent fish meal and crustacean
meal. Formulated diets developed with appropriate
attractants led to improved consumption and assimilation
in lobsters. A formula for combined fish meal (CFM) has
been developed comprising of cephalopod meal (20%),
clam (Meretrix casta) meal (15%), sardine (Sardinella
longiceps) meal (50%), trash meal (10%) and shrimp
head meal (5%) (Table 1). Test diets A, B and C were
formulated with CFM percentages of 30, 50 and 67.7%
respectively to give final crude protein levels of 340 g
kg, 400 g kg'and 460 g kg respectively. Wheat flour
was used as a substitute to adjust the protein level in final
composition of the feed. CFM was prepared using the
required quantity of ingredients collected from the landing
centre and processed properly by washing, drying,
powdering and sieving.

The composition of the formulated feed is given
in Table 2. Along with CFM, other ingredients like cod
liver oil, polycheate worm paste, vitamin premix, oyster
shell powder, earth mix, soya lecithin and cholesterol
were added and mixed thoroughly (Kandasami et al.,
1987; Easterson et al., 1989). Wheat gluten and gelatin
were added in boiling water and a paste was prepared.
Thispastewasaddedtothemixtureandadoughwasprepared
with proper blending and extruded immediately using a
hand pelletiser using a suitable die producing pellets of
3 + 0.1 mm thickness. The pellets were cut into uniform
sizes of approximately 1.5 cm length (Fig. 1). The
pellets were oven dried at 50 °C for 48 h, and stored in
a desiccator.

Stability of the feed

The hydrostability of the feed was tested by
weighing 5 g of each experimental diet in preweighed net

Table 1. Percentage composition of ingredients in combined

fish meal
Ingredients Weight in %
Cephalopod meal 20
Clam meal 15
Sardine meal 50
Trash fish meal 10
Shrimp head meal 5

68

Table 2. Percentage composition of ingredients in formulated
feeds A, B and C

Ingredients Diet A (%) Diet B (%) Diet C (%)
Combined fish meal 30.0 50.0 67.7
Wheat gluten 10.0 10.0 5.0
Cod liver oil 2.0 2.0 2.0
Sea sand worm 5.0 5.0 5.0
Vitamin and mineral mix”~ 2.0 2.0 2.0
Opyster shell powder 7.0 7.0 5.0
Earth mix 7.0 7.0 5.0
Soya lecithin 1.5 1.5 1.5
Cholesterol 0.3 0.3 0.3
Gelatine 0.5 0.5 0.5
Wheat flour 30.0 10.0 1.6
Bentonite 4.7 4.7 44

*Vitamin 2% (Smith et al., 2005)

Fig. 1. Formulated pellet feed used in the study

pouches in triplicate and immersing in filtered seawater.
The pouches were removed at an interval of 15, 30, 45
and 60 min, rinsed carefully in double distilled water,
dried in a hot air oven at 60 °C and weighed. Leaching
was minimal up to a time limit of 45 min. All the feeds
were stable, retaining the shape and texture for about one
hour. Dry matter loss recorded for all three diets was only
8-10% at the end of one hour.

Experimental setup

Black coloured rectangular FRP tanks with a floor
area of 1 m? and volume of 1 ton were used to hold
12 lobsters each. The experiment was conducted in
duplicate using 8 similar tanks (n = 96) placed at
random. Filtered and treated seawater (3548 ppt salinity,
8.2+ 0.02 pH, 5 + 0.5 mg DO, < Ippm NH, <0.1 ppm
NO,, 0.1 ppm H,S) was used as rearing media throughout
the experiment. The control of ammonia, sulphides and
nitrite was achieved by circulating the water through
active biofilters and also by minimal (20-30%) water
exchange. When the animals were introduced into the
tanks, each lobster was tagged using coloured wires at the
base of antennae. Regular morphometric measurements
and health monitoring were also carried out. Moults were
recovered and the newly moulted animals were retagged.
The initial mortalities (first 10 days of culture) were
substituted with healthy animals of the same size range.
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The variable among the treatments was in the
protein content with diet A having 340 g kg protein,
Diet B - 400 g kg, Diet C - 460 g kg! and raw clam meat
diet with protein content at 470 g kg™'. The experiments
were carried out for 90 days. Growth was recorded
(carapace length increment and total length increment)
using calibrated vernier calipers.

The feeding schedule was fixed as three rations per
day (30% were fed at 08:00 hrs, 30% at 14:00 hrs and 40%
at 20:00 hrs) (Fig. 2). In the control tank (D), live clams
were cut open and fed to the lobsters.

Fig. 2. P. homarus feeding on formulated pellet feed

Uneaten feed and fecal matter from the tanks were
removed after each feeding. Uneaten feed was siphoned
out to a 1 mm mesh screen, rinsed with freshwater to
remove residual salts, dried at 100 °C for 16 to 20 h,
weighed and subjected to proximate analysis as per
AOAC (1995). The fecal matter was collected separately
on to a piece of bolting silk and processed similarly. The
feed consumed and assimilated were calculated.

The initial proximate composition of lobster muscle
tissue and hepatopancreas were analysed prior to the
experiment. At the end of the experiment, the lobsters
from the experimental tanks and control tanks were
harvested and the proximate composition of muscle tissue
and hepatopancreas were analysed. Food conversion
ratio (FCR), protein efficiency ratio (PER), apparent
digestibility coefficient (ADC) and specific growth rate
(SGR) were estimated following Cortes-Jacinto et al.
(2004), Jover et al. (1999) and Bureau et al. (1999).
Growth performance and feed utilisation efficiency were
calculated as follows:

Digestible energy (kJ) = 23.0 kJ g! for protein, 16.7 kJ g'!
for carbohydrate and 37.6 kJ g'! for lipid.

Food assimilation = 100 x (food consumed (g) — fecal
matter (g) / food consumed (g).

Food conversion ratio (FCR) = Food intake (g dry weight
/ Weight gain (g wet weight).

Specific growth rate (SGR) = Ln Wr - Ln Wi x 100/T;
where Wr = final mean weight; Wi = initial mean weight
and T = feeding period.

Protein efficiency ratio (PER) = Weight gain (g) / protein
intake. The data were statistically analysed using one way
analysis of variance (ANOVA) (Snedecor and Cochran,

1967).

Results and discussion

The survival was 100% for the lobsters which fed
on diet C, followed by A (95.8%), B (83.3%) and control
D (62.5%) (Table 3). Survival rate of more than 80%
is considered as good in crustacean studies (Cuzon and
Guillaume, 1997). Crear et al. (2000) obtained a survival
rate of 98% for Jasus edwardsii, while Saez-Rouela
et al. (2002) reported survival rate of only 50.5% for the
juvenile white-clawed crayfish with pelleted feed. Water
quality parameters like ammonia, nitrite and hydrogen
sulphide were recorded for the experimental and control
tanks and were within the permissible range.

The protein energy ratio (PER) and the
digestible energy of the diets were almost equal
(15.23 to 20.01 kJ g'), however the efficiency of
the diets differed from one another. The apparent
digestibility coefficient was high (= 85.0) for all the diets
(Table 4). Jones and De Silva (1997) reported ADC
of 80.2% to 94% for the Australian crayfish Cherax
destructor. Smith et al. (2005) reported that the adult
lobsters (Panulirus ornatus) showed no significant
difference in digestibility across a series of diets.

Maximum increase in carapace length and
body weight was recorded in lobsters fed on diet C
(Table 3). Clam fed lobsters showed maximum increase
in body weight and the carapace length increment was
comparable to that of diet C. The culture of lobsters
aims at better survival as well as yield and the lobsters
fed with diet C gave best results in this regard.
Radhakrishnan and  Vijayakumaran (1984) and
Vijayakumaran and Radhakrishnan (1984) reported
the growth of clam meat fed P homarus (eyestalk
ablated) as 0.30 £0.02 g per day. Mohamed and George
(1968) reported the growth of P. homarus as 0.21+ 0.02
g per day by mark-recovery experiment. But in the
present study, a higher growth rate was recorded for
diet C (0.088 + 0.10) and control diet (0.077+0.12)
(Table4). Cox and Davis (2009) reported faster growth rate
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Table 3. Growth and survival of P. homarus fed on feeds A, B, C and control feed (D) at the end of culture period
Feed Initial Final Growth Initial ~ Final =~ Growth Initial Final ~ Growth Initial ~ Final ~ Net Survival
CL CL  perday TL TL per day Wt Wt (g per biomass biomass growth rate
(mm)  (mm) (mm) (mm)  (mm)  (mm) (€9) (2 day) kg kg (9 (%)
A 45+2 49+2 0.044+0.10 125+£5 129+2 0.044+0.13 88+2 121+3 0.367+0.10 2.110 2.900 0.790 100
B 46+3 51+1 0.055+012 128+4 144+3 0.177+£0.10 86+3 141+3 0.610+£0.12 2.064 2.820 0.756 83.3
C 45+2 53+£3 0.088+0.10 120+£5 141+£3 0.233+0.13 87+2 153+2 0.733+0.12 0.090 3.520 1.430 95.8
D 462 53+10.077+£0.12 130+5 150+4 0.222+£0.12 88+2 163+3 0.833+£0.10 2.110 2.450 0340 62.5
Table 4. FCR, ADC, SGR and growth rate values of P. homarus on termination of the experiment
Parameters Diet A Diet B Diet C Diet D
Food conversion ratio (FCR) 1:7 1:6 1:3 1:2
Apparent digestibility
coefficient (ADC) 85.05 (0.70) 85.55(2.31) 85.38 (1.35) 85.03 (2.31)
Specific growth rate (SGR) 0.354 (0.01) 0.547 (0.03) 0.627 (0.03) 0.685 (0.05)
Growth in terms of CL
(bor day) (mm) 0.044 (0.10) 0.055 (0.12) 0.088 (0.10) 0.077 (0.12)
(Values in parentheses are standard deviations)
of 3.49% of weight gain per day in the culture of 87T T3.5 Protein
post-pueruli of spiny lobsters P. argus. 861 § :\\\\§ 13 Ligid
The specific growth rate (SGR) was 0.627 (+0.03), 8T . §\ \ \\ T25
0.547 (£0.03), and 0.354 (+£0.01) respectively for the diets S st § & N\ \\§ 12 &
C, B and A, in comparison to the SGR of the control diet 1 - §\ §\\1 % § Ls g
. . 15 + N 4 B
(D) with 0.685 (£0.05). The FCR of the diets A, B and C 2 \\% § § \\ % Y
17, 1:6 and 1:3 ively i i e = omep HOEL R LT
were 1:7, 1:6 and 1:3 respectively in comparison to the \ \ § \ \
control (1: 2) (Table 4). Vijayakumaran and Radhakrishnan 814 g\\ \\\é\ & & § f1os
(1984? reported that the FCR of the lobster P. homqrus 20 g\ Q\\ §\ \\ g\\ o
fed with fresh clam meat. ranged froml :.2 to 1:6.. The yield Initial DictA DictB Dict C Diet D
of lobsters fed on test diet C was maximum with FCR at ) ) o ) )
1:3 indicating a better conversion and economic viability. Fig. 3. Protein and llp'ld content in muscle tissue of P. homarus
fed on pellet diets (A, B, C) and clam meat (D)
Protein levels in the muscle tissue and hepatopancreas _ N
of lobsters fed on high protein diets B and C were higher 50 55 Protein
than the initial values compared to that of diet A and - tsp = Lipid
control. The lipid profile in the hepatopancreas was 457 \\§§
observed to be lowest in the lobsters fed with diet C. The < §\\\ las
higher protein levels in the muscles and hepatopancreas Z’ 40+ \ \§\ %
of lobsters fed with diet C probably indicate the response 2 \ 40 &
. . . . 8 \ §\\;\ 3
to higher degree somatic conversion than other diets &~ 35 \\ W
(Fig. 3 and 4). Increase in muscle weight and protein is the \\\§ \§ \
. . . . . \| ; \§ §\\\ {‘t\‘
prime requirement sought while culturing food organisms. 30 AN, A \ \‘\§ N\ |30
Lobsters can be grown in alternate systems on Initial DietA DietB Diet C DietD
artificial diets with a protein level of 460 g kg (Smith Fig. 4. Protein and lipid content in hepatopancreas of

et al., 2003). The low survival rate with clam diet also
supports the view that a supplemented balanced diet is
the way forward in aquaculture of lobsters. Lobsters
showed very good palatability for the formulated feeds
and pellets were readily accepted. Among the three
pelleted dry feeds tested, the diet C (460 g kg') gave
good survival, SGR and FCR next to clam meat diet D
(470 g kg'). The one way ANOVA indicated that
weight gain, protein efficiency ratio and food conversion

P. homarus fed on pellet diets (A, B, C) and clam meat (D)

ratio were significantly different among the four groups
(p<0.05). On the other hand, food and protein consumption
were not significantly different.

The harvested lobsters were cooked in brine and
tested for comparing the quality and flavour in the
meat following the standard organoleptic cum sensory
evaluation procedure. The flavour and texture of the pellet
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grown lobsters compared well with that of wild lobster
meat.

The acceptance of formulated diets by the spiny
lobsters and positive growth factors indicate that other
than natural feeds, spiny lobsters can also be grown
successfully on pellet feeds with improved survival rates.
Survival and growth rates have been almost similar to that
with clam or other wet feeds, even at higher densities.
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