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INTRODUCTION

Growth of human population has lead to an increased search for
methods of producing animal protein other than those of terrestrial livestock
production and capture fisheries. Both of these face constraints in
production. The potential of aquaculture as a method to augument animal
protein production is thus of more interest, than ever, leading to rapid

increases in production and development of new technologies.

In the recent years, food production worldwide through aquaculture
has become increasingly important. During the past decade, there has been
a tremendous development in shrimp farming, often overshadowing many
other commercially important aquatic species. This trend is expected to
continue in the foreseeable future. Reasons for this include the high demand
for shrimp in the world market, the unpredictability and high cost of harvesting
shrimp from the wild, and the recent development and improvement of
technologies in the areas of breeding, culture management, nutrition, disease

control and engineering.

Penaeid shrimps are the most important and extensively cultured
crustaceans all over the world. Apart from their great demand and high
market potential, they are ideal for intensive cultivation because of their

adaptability to different culture systems, rapid growth, availabilify of seed



through reproduction in captivity and positive response to supplemental

feeding.

Feeds represent the major expense, often accounting for over
50-70% of the total variable operating costs in aquaculture. Thus,
development of feeds that are efficient and economical is fundamental to
successful shrimp farming. This requires the understanding of nutritional
requirements in terms of protein, energy, lipids, carbohydrates, vitamins and

minerals.

Significant information is now available on the basic nutritional
requirements of crustaceans (Fox ef al, 1994). Crustaceans like other
animals need protein in the form of essential aminoacids for maintenance,
growth and reproduction. The protein requirement of aquatic animals is
apparently high, which is a consequence of the low energy requirements of
ectothermic animals (Bowen, 1987). The natural aquatic food web (i.e.,
scarcity of carbohydrates and abundance of lipids and protein) is probably
responsible for the common trend of aquatic organisms to use protein as an
energy source. (Guillaume, 1991). This trend explains the positive effect of
dietary protein towards improving growth. In addition to their structural and
metabolic roles, lipids have higher calorific value than proteins or
carbohydrates on a weight to weight basis. They can be cataboiized for

energy and exert a protein sparing effect.



Although, no specific dietary requirement of carbohydrates for
crustaceans and finfish has been reported, reduced growth rates have been
noted when various finfish species are fed diets lacking a carbohydrate
source (NRC 1983). They serve as precursors of various metabolic
intermediates necessary for growth, like non-essential aminoacids, nucleic
acids. Though they have a lower calorific value than proteins and lipids, they
are generally cheaper in economic terms and can reduce the amounts of

dietary protein needed for supplying energy.

Many of the studies have attempted to define optimum levels for
dietary protein, carbohydrates or lipids in a single factor experiments,

although these dietary components interact.

Shrimp require energy for maintenance, growth and reproduction.
Utilization of the dietary component for energy is affected by its dietary level,
the ability of the animal to catabolize that substrate and the availability of the
other dietary energy sources (Capuzzo, 1982). Lipids, carbohydrates and
proteins can all be used for energy by prawns and shrimps (Lim and Persyn,

1989).

Crustaceans in common with finfish are able to derive more net
energy from the catabolism of proteins than mammals because they do not
have to maintain a constant body temperature, they exert less energy in

maintaining their posture and because nitrogenous wastes are excreted



mostly as ammonia rather than uricacid or urea. (NRC 1983, Cho and

Kaushik, 1985).

Protein metabolism is in a state of dynamic equilibrium with energy
metabolism, so evaluation of optimum dietary protein level must consider the
amount of non-protein energy in the diet (Clifford and Brick.1979). Diets
consisting excessive protein will be economically wasteful (Capuzzo, 1982).
So, it is desirable to provide as much energy as possible as non-protein
energy (lipids and carbohydrates). In this situation, diets containing excessive
non-protein sources may lead to the animals ingesting insufficient protein for
growth. This follows the fact that crustaceans, like fish eat to satisfy their

energy requirements (Sedgwick, 1979.)

It would be economically disadvantageous if expensive protein is
used as an energy source, which otherwise can be used for growth. Thus, the
provision of energy from noﬁ-protein sources is important. This is termed as
protein sparing. If optimal levels of non-protein energy are available in the

diet, the protein level in the diet could be reduced.

Therefore, the correct dietary protein and energy balance is very
essential for efficient feed formulation, indicating the importance of protein to
energy ratios. This ratio is expressed as the gram or milligram of crude
protein or digestible protein per mega Joules(MJ) or kilo calories of digestible

energy(DE) or metabolizable energy.



Protein to energy ratios have been worked out for certain penaeid
species. The present study is carried to arrive at an optimum protein to

energy ratio for green tiger prawn,Penaeus semisulcatus .de Haan.

The culture of Penaeus semisulcatus is done in Kuwait, Israel,
Bahrain, Taiwan and Malaysia (Liao and Chao, 1987, Seidman and Issar;
1988). It has been informally evaluated to be the most savoury “gourmet’
among the penaeid shrimps. (Liao ana Chao,1987). Its prospects as a
candidate for mariculture has been highlighted by Maheswarudu, ef al.,
(1994)(1995) and (1997). The above mentioned authors have stressed the
need for formulating a suitable feed for Penaeus semisulcatus, as there is no

formulated feed for this species till date.

The present study is an attempt to elucidate appropriate
protein:energy ratios in diets for attaining maximum growth with a view to

formulate suitable diets for Penaeus semisulcatus.
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REVIEW OF LITERATURE

Significant information is now available about the basic nutritional
requirements of commercially cultured crustaceans. However, information
regarding the nutrient utilization of non-protein dietary components as energy
sources is sparse. Information on energy utilization and requirements is
essential for developing cost-effective diets, because energy must be
supplied in sufficient amounts, so that protein is almost exclusively used for

tissue synthesis.

Crustaceans cannot tolerate lipid levels greater than 10% in their
diet; leaving carbohydrates as ideal non-protein energy sources. However, a
high level of glucose or monosaccharides in general, is not tolerated well by
crustaceans. It appears imperative to find out suitable non protein energy .

sources so as to define appropriate protein:energy ratios in feeds..

A few results of relevant work published on the investigations

related to P/E ratios in crustaceans are reviewed here.

Andrews ef al., (1972) studied the effects of dietary protein,
carbohydrates and lipids on the growth and survival of juvenile Penaeus
sefiferus and concluded that 28-32% was the optimum protein level and the

addition of supplemental lipids resulted in reduction of growth and survival.



This indicated that lipids can not and polysaccharides alone can be ideal

protein sparers.

AQUACOP (1976), estimated that a total dietary energy content of

3.3 kecal/lgm was required for optimal growth of Penaeus monodon fed a diet

containing 40% protein.

Clifford & Brick (1978) and (1979) measured oxygen consumption,
carbon dioxide excretion and nitrogen excretion of Macrobrachium
rosenbergii, fed diets with variable protein, lipid and carbohydrate contents
and indicated that protein sparing was maximized when the dietary lipid:
carbohydrate was 1:4 and optimal dietary protein level for growth was

calculated to be 25%.

Sedgwick(1979) while assessing the requirement of juvenile
Penaeus merguiensis for dietary protein and energy concluded that the rate
of food consumption is related to the energy content of the diet and that the
protein level required to support maximum growth and optimum protein
conversion efficiency are energy dependent. There was some evidence for
the decline in the dietary protein requirement from 51%-34%, if the dietary
energy was maintained at 2.9-4.4 kcal/gram by increasing the level of

carbohydrates.
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Bages and Sloane(1981) studied the effects of dietary protein and
starch levels on the growth and survival of Penaeus monodon postlarvae and
concluded that protein/starch ratio had an effect on the survival and growth
and that a minimum supply of carbohydrates was necessary to assure a
metabolic energy pool to allow the shrimps to utilize the protein in the diet
efficiently. An excess of carbohydrates was found to be an obstacle in the

development of postlarvae since the quantity of ingested protein was

insufficient.

Alava and Lim (1983) reported in Penaeus monodon juveniles that
the optimum protein level of 40% and the energy content of 3.68 kcal/gm diet

corresponding to a protein:energy ratio of 112.5mg/kcal was optimal.

Teshima and Kanazawa (1984) demonstrated that the effects of
altering the dietary protein level on the growth and survival of Penaeus
Japonicus larvae were related to the carbohydrate content of the feed and
highest survival was on a diet containing 45% protein (casein) and 25%

carbohydrate (type unspecified).

Bautista (1986) reported that for Penaeus monodon juveniles the
protein content of the diet could be reduced from 50% to 40% while
maintaining an energy level of 330 kcal/100gm diet. A protein sparing effect
was confirmed, but inclusion of lipid at more than 15% or sucrose (used to

adjust the dietary physiological energy levels) at more than 20% led to

11



reduced growth and histological abnormalities. It was added that complex

dietary carbohydrates yield better growth than either glucose or sucrose and

had a better protein sparing effect.

El-Dakour (1986) fed a range of diets containing various protein
(45.0 to 55.0%) and energy levels (3.20kcal/gm to 3.68kcal/gm) to Penaeus
semisulcatus and concluded that shrimp fed diets containing higher dietary
protein levels generally showed faster growth and better survival rates.
Growth and survival rates increased proportionally with increasing dietary

protein content up to 51% and protein: energy ratio of 1:0.304.

Alava and Pascual (1987) reported that for Penaeus monodon
juveniles semipurified diet containing trehalose at 20% level was very
effectiye and that the digestible energy content of 4.0kcal/gm of diet
corresponding to a protein: energy ratio of 114 (mg protein/kcal) was found to

promote the most rapid growth.

Hajra et al., (1988) reported in Penaeus monodon juveniles that at
constant protein level of 46%, weight gain, feed efficiency and protein
utilization increased with the increase in dietary energy level up to 412.60
kcal/100gm diet (protein: energy = 112.2) and not beyond that. Digestible
energy from dietary carbohydrate was seen to exert a transient protein

sparing action.
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Dall et al, (1991) concluded that the inability of prawns and
shrimps to tolerate high levels of dietary lipid may be probably due to a

reflection of the low lipid levels in the natural diet, and the low lipid levels

found in their tissues.

Shiau and Chou (1991) reported that in Penaeus monodon dietary
protein level could be reduced from 40% to 36% while maintaining
metabolizable energy level of around 330 k cal/100gm. This suggests that
protein was spared by carbohydrate (dextrin here) as calorific requirements

were met, thus permitting more efficient utilization of protein.

Diaz-Herrera et al., (1992) found that Macrobrachium rosenbergii
reared on a commercial ration obtained most of its energy from carbohydrates
and lipid in the diet. Consequently, protein was used efficiently by inclusion of

optimum levels of carbohydrates and lipids.

Shiau and Peng (1992) investigated the utilization of different
carbohydrate sources and the possible substitution of carbohydrates for
dietary protein for Penaeus monodon and concluded that prawns fed starch
and dextrin gave significantly better results than glucose. Pfotein sparing
action of starch was observed as inclusion of 30% starch caused a reduction

in dietary protein requirement from 40% to 30%.
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Koshio et al, (1993) have reported that the dietary protein
requirement for Penaeus japonicus could be reduced from 60% to 42%, by
increasing the levels of suitable non-protein energy sources. The diet used

consisted of 42% of highly digestible protein source, 15% carbohydrates and

8% lipids.

Gopakumar (1996) while studying the essential aminoacid
requirement of Penaeus semisulcatus tested diets containing six protein
levels of 20% ,25%, 30%, 35%, 40%, and 45% to arrive at an optimum
protein level. The weight gains were 2.4%, 3.6%, 7.8%, 10.1%, 11.9%, and
8.6% respectively. Eventhough, a protein level of 40% appeared optimum in
his work on the basis of weight gain ,he did not discern between 35%, and

40% protein in the diet suggesting a range of 35%-40%.

Ameeri and Cruz (1998) studied the effect of sand substrate on the
growth, feed conversion ratio (FCR) and survival rate of Penaeus
semisulcatus juveniles. Shrimp growth rate with sand substrate Was
significantly faster (75.75%) and FCR was significantly better (37.61%) than

those reared with out sand.

Reports on protein, energy interactions in crustaceans are scanty.
A thorough understanding of dietary proteinfenergy ratios in shrimps is
presently lacking. Penaeus semisulcatus, in particular is a species on which

very little information is available regarding the nutritional requirements.

14



The present investigation was designed to arrive at the optimum protein:

energy ratios in the green tiger prawn, Peneaus semisulcatus.

16
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MATERIALS AND METHODS

The experiment was conducted in the backyard shrimp hatchery at

the Regional Centre of Central Marine Fisheries Research Institute,

Mandapam.

| Facilities and Experimental Animals

For the present study juveniles of Penaeus semisulcatus were
collected from Thallumadi operators (local shore seine) in the Palk Bay and
acclimatized to the hatchery conditions for one week prior to the start of the
experiment. During the acclimatization, juveniles were fed with a commercial
shrimp feed of a reputed company (38% crude protein) at 10% of the

biomass per day.

Totally six feeds of different compositions were tested with these
juveniles for a period of one month to evaluate the performance in terms of

growth, protein digestibility and gross body composition.

Each treatment had two replicates and five juveniles with initial
mean length of 57.77 mm, With total biomass of 8 to 9grams per replicatioh,
was selected and introduced into 40litre capacity circular plastic froughs.

Since, Penaeus semisulcatus is a highly burrowing species; sandy

16



PLATE 1 - Experimental Setup




PLATE 2 - Inner view of the Experimental trough




substratum for a height of 5 cm was provided to cover 1/2nd of the bottom of

each trough.

Continuous aeration was provided for each trough. Seawater that

was filtered through sand bed was used during the experimental period.

During the experimental period water temperature ranged from 27.5
- 29 degrees C; and salinity varied between 35-35.5 ppt; pH from 7.6 to 8.2

and The dissolved oxygen level was maintained above 4.0 mg/l by continuous

aeration.

Il Experimental diets:-

Two dietary protein levels 40% and 35% were used in the study .For
each protein level digestible energy (DE) content of 280, 300 and 320
kcal/100gram diet (with protein: energy ratios of 126.06, 113.30,
110.38,139.63, 128.18 and 124.51 respectively) were incorporated to

formulate six semipurified experimental diets.

In order to simplify the interpretations, as few ingredients as
possible were used in the formulation. The ingredients used were Albumin
(Sigma.,USA), shrimp meal, clam meal, groundnut oil cake flour, tapioca flour
(as a carbohydrate source for adjusting the energy level). Cod liver oil,

cholesterol, soyalecithin, vitamin mix, mineral mix (Salt mixture USP XIV,

17



Sisco Research laboratories, Mumbai, India) and cellulose (Hi-media

laboratories, Mumbai) as a filler.

The proximate composition of the ingredients i.e., moisture, crude
protein (from total quantity nitrogen using micro kjeldahl method and
converting to fotal protein by multiplying with a factor 6.25) ether extract,
crude fibre, crude ash, acid insoluble ash and nitrogen free extractives (NFE)

were estimated using the Official Methods of Analytical Chemists [AOAC

(1990)].

The energy content was calculated based on the factors suggested by

ADCP (1983)for digestible energy(DE) of fish feeds.

They are  4.25 kcalg ™' for animal protein

8.0 kecalg™ for Fats.

3.0 kecalg ™ fpr Non leguminous Carbohydrates.

4.0 2.0kCal g™ for leguminous Carbohydrates.
The proximate composition of the ingredients is given in table I.

The Six experimental feeds for present study were formulated

ording to the ingredient composition given in table 1I.

18



Table 1.Proximate composition of the feed ingredients used in the
experimental diets.

Composition (%) p| DM CP EE CF Ash AlA NFE
Ingredient
v
Albumin 100 94 - - 4.5 - 1.5
Shrimp meal 95.86 | 66.89 3.69 -1 19.44 1.38 5.84
Clam meal 94.54 | 60.76 | 13.82 -| 5.82 1.17 | 14.119
Ground nut oil cake 96.51 | 49.53 8.41 3.58 | 6.88 1.74 | 28.09
Tapioca flour 89.13| 3.18| 0978 | 1.992| 1.983 0.28| 80.99

DM = Dry Matter
CP =NX6.25
EE = Ether extract

CF = Crude fibre

NFE = Nitrogen Free extractives




Table Il. Ingredient composition of the Experimental diets

Ingredients (%) 35% Protein 40% Protein
Feed!| | Feedll | Feed lll | Feed IV | Feed V | Feed VI
Albumin ' 29 29 29 35 a8 35
Shrimp meal 5 5 5 5 5 5
Clam meal 2 2 2 2 2 2
GNOC 5 5 5 5 5 5
Tapioca flour 29 36 44 20 28 36
Cod Liver oil 6 6 6 6 6 6
Vitamin Mix 2 2 2 2 2 2
Mineral Mix 3 3 3 3 3 3
Cholesterol 1 1 1 1 1 1
Soyalecithin 1 1 1 1 1 1
Cellulose 17 10 2 20 12 4
Total 100 100 100 100 100 100
Digestible energy 283.18 | 300.99| 322.61| 283.88| 304.78| 325.81
k cal/ 100gm
P/E 12400 | 117.00| 11060 | 143.00| 134.00| 126.00
(mg Protein/kcal)
Vitamin Mix:
Vitamin Quantity (mg)

Thiamine mononitrate 60.0

Vitamin B2 60.0

Pyridoxine hydrochloride 18.0

Nicotinamide 600.0

Ca pantothenate 300.0

Folic acid 9000.0 micro gm

Vitamin B12 90.0 micro gm

Vitamin C (Ascorbic acid) 500.0

Choline chloride 1200.0

lonosital 4000.0




Table lll. Proximate compositions, DE levels and P/E ratios of the
experimental diets.

Ingredients (%)

35% Protein

40% Protein

Feed| | Feedll | Feed lll | Feed IV | Feed V | Feed VI
DM 93.84 94.30 92.31 94.17 92.61 93.06
CP 35.39 33.94 35.33 39.40 38.89 39.87
EE 8.08 7.39 - 7.02 8.51 8.00 7.56
Ash 6.35 6.43 6.31 6.36 6.31 6.68
AlA 0.27 0.33 0.25 0.23 0.25 0.26
CF 21.20 13.96 516 24.09 14.23 8.36
NFE 22.82 32.58 38.49 15.81 25.18 30.59
Digestible energy | 280.72 | 299.55| 320.06 | 282.16| 303.40| 320.21
kcal/100gm
P/E 126.06 | 113.30| 110.38| 13963 | 128.18 | 124.51

(mg Protein/kcal)




Il Preparation of the Expermental feeds:-

The ingredients were weighed in required proportions. Tapioca flour
was gelatinized by boiling with 30ml of distilled water and then all other
ingredients were mixed homogeneously, to get a dough of desired
consistency by adding the required quantity of water. Then the dough was
extruded through a 2mm die using a hand pelletiser. The pellets were dried i-n
an oven at 60 degrees Celsius for 12 hours to reduce the moisture content of
feeds to approximately 7%. The dried pellets were then broken in to small
pieces and stored in airtight plastic containers. The proximate composition of

feeds is given in table lll.

IV. Management: -

The study consisted of six treatments with two replications. The
shrimps were fed with the experimental diet at 10% of the biomass once a
day in the evening hours i.e., between 1700-18:00 hours. Attempts to feed
half of the ration during day time i.e., between 9:00-10:00 hrs proved futile as

the animals were found burying in to the sandy substratum.

Every morning faeces was collected from each trough, oven dried
and stored in glass vials for further analysis. Excess feed from each trough

was also collected, dried and weighed.

19



Daily 100% water exchange was done every morning during which

the bottom sand was briskly washed to avoid any decomposition of debris.

Water quality parameters such as temperature, salinity and pH

were monitored at 10:00 hrs daily.

The feed trail was terminated after 30 days and final size and
biomass of the shrimps from each treatment were recorded. All the animals
from each treatment (also initial) were dried in an oven at 60 degrees Celsius
for 24 hrs for subsequent analysis. The samples from each treatment were
ground and homogenized. They were then analyzed for crude protein and
crude fat (AOAC, 1990) The faecal matter for each treatment were also

pooled and crude protein was estimated to calculate the protein digestibility.

The parameters such as relative growth rate (RGR), Specific growth

rate (SGR), feed conversion efficiency (FCE), Protein efficiency ratio (PER)

and protein digestibility were worked out using the following formulae.

RGR = Final weight — Initial weight x 100
Initial weight
SGR = Ln Final weight —Ln Initial weight x 100

Number of days

20



FCE =Biomass at the end of the experiment x 100
Feed given

PER = - Wet weight gain (gm)
Dry weight of protein consumed (gm)

Protein
Digestibility =protein in feed intake-protein in feaces x 100

protein in feed intake

V. Statistical Analysis

To test the effects of different protein and energy levels and their
interaction on growth a 2x3 factorial analysis was carried out. To compare the
means of significant factors and interactions, Students-Neuman Keuls Range

test was made (Das and Giri, 1979).
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RESULTS



RESULTS

The experiment was terminated after 30 days and a survival rate of

100% was recorded in all the six treatments.

The responses viz., RGR, SGR, FCE, PER and protein digestibility

recordéd were presented in Table IV and figures 1,2,3,4 and 5.

Relative Growth Rate (RGR)

. In terms of RGR feeds IlI and. IV were the highest indicating the
superiority of protein: energy levels 35:320 and 40:280 over the other
treatments. However, the main effects viz., protein (%) and DE (kcal/100g)
were not significant statistically. Significant interaction between protein énd
energy could be observed (P<0.05). Means when compared using SNK

(Student-Newman and Keuls) procedure indicated 8 subsets as shown in

table V.
Specific Growth Rate (SGR)

SGR also showed that feeds Il and IV were superior with a value of
0.53. Following the trend observed in the case of RGR, the main effects were
not significant and interaction between protein and energy levels was
significant (P<0.05). While comparing the means (table V) 7 subsets similar to

RGR were obtained.
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Feed Conversion Efficiency (FCE)

FCE of 5.30 was the maximum obtained by feeding feed IV followed by
5.05 obtained with feed Ill. FCE also followed the trends recorded for RGR

and SGR. However, in the case of FCE, both the main effects and interaction

was found to be significant (P<0.05).
Protein Efficiency Ratio (PER)

PER values were 0.14 for feed Ill and 0.13 for feed IV respectively
(Table IV). Statistically, the main effect viz., protein was not significant,
whereas DE level was found to influence PER significantly (P<0.05).
Following RGR, SGR and FCE, interaction between protein and energy was
significant in the case of PER also. When the means were compared larger

homogeneous subsets were obtained (Table V).
Protein Digestibility (PD)

Significantly higher protein digestibilities were registered in the case of
feeds lll and IV respectively (P<0.05). Digestibility of protein was 79.85% and
81.34% for the aforementioned feeds and the main effects and interactions
were found to be significant statistically (p<0.05). Six homogeneous subsets

were observed in the case of protein digestibility as shown table V.
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Body Composition

At the termination of the experiment, shrimp fed on feed | had higher
crude protein composition (66.04%) followed by feed Ill and feed IV which
had an identical crude protein composition of 63.09% and 62.35%
respectively as shown in Table VI. The ether extract (%) was highest in
shrimp reared on feed VI, (5.46 %) followed by 5.12% for feed lll, 4.94% for

feed Il and 4.44% for feed IV.

The overall picture which emerges is that feeds Ill and IV are at par in
terms of RGR, SGR, FCE, PER and protein digestibility which shall be
perused and discussed in the light of relevant reports in the ensuring

discussion.
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level Interactions

Table V. Homogeneous subsets of Protein level : Digestible Energy

Relative Specific Food Protein Protein
Growth Rate | Growth Rate | Conversion Efficiency Digestibility
(RGR) (SGR) Efficiency Ratio (PER) (%)
(FCE) (PD)

35.300 35:300 35:300 35:300 35:320
35.320 35:320 40:300 35:320 40:280
40.280 40:280 40:320 40:280 40:320

40:300

40:320
35:300 35:300 35:300 35:300 35:320
40:300 40:300 40:320 40:280 40:280
40:320 40:320 40:300

40:320
35:300 35:300 40:300 35:300 35:280
40:300 40:300 40:320 40:300

40:320
40:300 35:280 40:280 40:300 35:300
40:320 35:320 40:320
35:280 35:300 35:280 35:280 35:320
35:300 85:320 35:300 40:320 40:300
40:280 40:280 35:320 - -
40:320 - 40:300 - -




Table VI. Body composition of Penaeus semisulcatus juveniles fed
six combinations of protein: energy.

Crude Protein (%) | Ether Extract (%)
Initial 40.96 2.27
Feed | 66.04 4.28
Feed Il 61.95 4.94
Feed lll 63.09 512
Feed IV 62.35 4.44
Feed V 59.95 4.36
Feed VI 61.83 5.46
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Fig.1 RGR in Penaeus semisulcatus fed six combinations of
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Fig.3 FCE in Penaeus semisulcatus fed six combinations of
protein:energy
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Fig.5 Protein digestibility in Penaeus semisulcatus fed six
combinations of protein:energy
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Table VII. Analysis of Variance Relative Growth Rate

Level of significance P<0.05

Significant :**

Source of Variation Sumof | DF Mean F Significance
squares Square of F

Main effects 14.326 3 4.775 2737 |0.136
Protein Level 2.817 1 2.817 1.614 | 0.251
Energy Level 11.509 2 5.754 3.298 |0.108
2-way interactions 208.199 |2 104.099 | 59.661 | 0.000**
Protein Lével, Energy Level | 208.199 |2 104.099 | 59.661 | 0.000™*
Explained 222524 |5 44,505 | 25.507 | 0.001
Residual 10.469 6 1.745
Total 232.993 |11 |21.181




Table VIII. Analysis of Variance

Specific Growth Rate

Level of Significance P<0.05
Significant :**

Source of Variation Sumof | DF Mean F Significance
squares Square of F

Main effects 0.014 3 0.005 2.968 [ 0.119
Protein Level 0.003 1 0.003 1.774 | 00.231
Energy Level 0.011 2 0.005 3.564 | 0.095

2-way interactions 0.187 2 0.093 61.299 | 0.000**
Protein Level, Energy Level 0.187 2 0.093 61.299 | 0.000**
Explained 0.200 5 0.040| 26.300 | 0.001
Residual | 0.009 6 0.002

Total 0.209 11 0.019




Table IX . Analysis of Variance
Feed Conversion Efficiency

Level of Significance P<0.05

Significance: **

Source of Variation Sumof | DF Mean F Significance

squares Square of F

Main effects 4,988 3 1.663 19.996 0.002

Protein Level 2,676 1 2.676 32.189 0.001 **

Energy Level 2.311 2 1.156 13.900 | 0.006

2-way interactions 13.120 2 6.560 78.902 0.000

Protein Level, Energy Level | 13.120 2 6.560 78.902 0.000

Explained 18.107 5 3.621 43.558 0.000

Residual 0.499 6 0.083

Total 18.606 11 1.691




Table X . Analysis of Variance
Protein Efficiency Ratio

Level of Significance P<0.05
** Significance

Source of Variation Sumof | DF Mean F Significance
squares Square of F

Main effects 0.003 3 0.001 | 11.881 | 0.006
Protein Level 0.000 1 0.000| 4.347|0.082
Energy Level 0.002 2 0.001 | 15.648 | 0.004**
2-way interactions 0.010 2 0.005 | 63.131 | 0.000
Protein Level, Energy Level 0.010 2 0.005 | 63.131 | 0.000**
Explained 0.012 5 0.002 | 32.381 | 0.000
Residual 0.001 6 | 0.0001667

Total 0.013 11 0.001




Table XI. Analysis of Variance

Protein Digestibility

Level of Significance P<0.05

** Significance

Source of Variation Sumof | DF Mean F Significance
squares Square of F

Main effects 1228.989 3| 409.663 | 365.967 | 0.000
Protein Level 406.574 1| 406.574 | 363.207 | 0.000™*
Energy Level 822.415 2| 411.208 | 367.347 | 0.000**
2-way interactions 172.572 2 86.286 | 77.082|0.000

Protein Level, Energy Level 172.572 2 86.286 | 77.082 | 0.000**
Explained 1401.561 5| 280.312 250.413 | 0.000
Residual 6.716 6 1.119

Total 1408.278 | 11| 128.025




DISCUSSION



DISCUSSION

In this section the results obtained shall be discussed in detail.

i

Diet design: The feed ingredients used were albumin, cellulose (purified
ingredients), shrimp meal, clam meal, ground nut oil cake, tapioca flour,

cod liver oil, cholesterol, lecithin (soya), vitamin and mineral mixtures.

In the absence of any published information from India regarding the
nutritional requirements of this species, the work reported by Gopakumar
(1996) was used as the basis. He opined that a diet containing 35-40%
protein as the optimum requirement to sustain a maximum growth of
11.9%. Hence, both the levels 35% and 40% protein was taken as the
levels of protein to be tested. El-Dakour (1986) had tested different protein
levels (45-55%) and energy levels (320 kcal/100gm — 368 kcal/100gm) for
Penaeus semisulcatus and reported that growth and survival increased
with increasing dietary protein content up to 51%. However, lower levels of
protein reported by Gopakumar (1996) and minimum energy level
reported by El-Dakour (1986) were combined to fix the protein: energy
levels in this study, because protein: energy interaction and transient
protein sparing if any, had to be examined. The variation in the levels of
protein was achieved by varying the levels of albumin. Further DE levels
of 280, 300 and 320kcal/100gm were obtained for the aforementioned

levels of protein by adjusting the levels of tapioca flour and cellulose as
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shown in table |Il. There were only minor variations in the analyzed values
as shown in table lll. This aspect of the diet design ascertained the fact

that the intended combinations of protein %: energy (kcal/100gm) were

only available to the experimental animals.

. Growth

Growth observed as gain in bio mass in this short-term, time bound
experiment with P.semisulcatus was 0.44gm with feed |, 1.12g with feed I,
1.48gm with feed lll, 1.49gm with feed IV, 1.03gm with feed V and 0.84gm
with feed VI in 30 days of experimental rearing and the corresponding
RGR's were 4.92, 13.35, 17.24, 17.14, 11.73 and 9:55 respectively (Table
IV). Growth of Penaeus semisulcatus reported by Seidman and Issar
(1988) and Maheswarudu et al., (1994) are not comparable here because
the aforementioned reports are on their growth under on-farm conditions.
Hence, Gopakumar (1996) is the only report available for comparison of
growth under controlled conditions of culture and the RGR's reported by
him with 35% protein and 40% protein were found to be lower. This may
be because of t.he difference in the initial bio mass of the shrimps used in
this investigation, which is <2gm; where as shrimps of 2-3g size were
used by Gopakumar (1996). However, the optimum range of protein in the
diet reported by Gopakumar (1996) holds good in this study also. As

depicted in figs. 1 and 2 and table IV, the animals fed with 35% protein
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and 40% protein recorded maximum growth. Significant interaction with
DE levels (p<0.05) is the salient aspect in this investigation (table V).
Implications here are that a protein sparing of 5% is achievable by
increasing the level of non-protein dietary constituents (table Il). When the
interaction means between protein and energy levels were compared
(table V); the first subset includes the protein: DE combinations of 35:300,
35:320 and 40:280 indicating that there is no significant variation among
these three treatments in terms of RGR. It could be inferred at this
juncture that growth achieved using a feed (feed IV) containing 40%
pro_tein and 280kcal of DE is also achievable using a feed (feed Ill)
containing 35% protein and 320kcal of DE. Thus with an increase of 24%
of non-protein energy (using tapioca flour in this study) a reduction in the
protein level by 5% can be resorted to without any negative impact on the
growth of the animal. Such reports in other species like P.merguiensis
(Sedgwick, 1979), P.monodon (Hajra et al., 1988), Shiau and Chou (1991)
are available. However, in P.semisulcatus, this study appears to be first in
terms of arriving at a protein sparing action. Though, El-Dakour (1986) has
studied the effects of varying dietary protein and energy levels, he has not

stated about the protein sparing action.

27



Specific Growth Rate

The SGR'S reported for feed |l and feed IV are the same (0.53), which
supports the aforementioned finding that feed Ill and feed IV resuited in
similar growth response. When the SGR means are compared to obtain
the interaction protein and energy levels (table V), the first subset includes
the protein (%): DE combinations of 35:300, 35:320 and 40:280, indicating
that there is no significant variation among these treatments in terms of
SGR. It can be inferred that SGR obtained by feeding feed IV containing
40% protein and 280 kcal of DE can be obtained even by using feed lIl,

containing 35% protein and 320kcal of DE. SGR's thus confirm the

inference regarding RGR.
Food Conversion Efficiency (FCE)

The FCE is maximum for feed IV, however the FCE of feed lll is also close
to that of feed IV indicating that there is no difference between both these
feeds. The fourth subset of the interaction means include protein (%): DE
combinations of 40:280 and 35:320 indicating that there is no significant
variation among these two treatments in terms of FCE. Hence, feed Il and

feed IV are similar in their responses in terms of conversion of nutrients.
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Protein Efficiency Ratio (PER)

PER is maximum for feed Il followed closely by feed IV, but the PER's
obtained by feed Il, V and VI are also similar approaching that of feed Il
and feed IV. The first subset of the intéraction means of protein and
energy levels include the protein and energy combinations of 35:300,
35:320, 40:280, 40:300, 40:320 corresponding to feed Il, I, IV, V _and VI
respectively indicating that there is no significant difference among these
five treatments in terms of PER. Since, PER is considered to be a
reflection of the amino acid balance of the feed, it can be inferred here that
the feeds tested in the experiment have a balanced amino acid profile.
The lower PER obtained with feed | may be due to the catabolism of

protein for energy due to the insufficient non-protein energy in the feed.

Protein Digestibility

The protein digestibilities show a similar trend (table V) in all the feeds
indicating that the six feeds are similar in their protein digestibilities. The
interaction means shows six homogeneous subsets (Table V) involving all
the six combinations indicating that there is no significant difference in
their protein digestibilities among the six treatments. Feed Ill and Feed IV
had similar protein digestibilities of 79.85% and 81.34% respectively. The

slight increase of protein digestibility in Feed IV may be due to its higher
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protein content (40%). Decrease in digestibility in the case of feeds Il and
V as evident in fig.5 could not be explained. Since total collection of

faeces was resorted to, errors in estimation can not be ruled out.

The body composition of the shrimps at the termination of the
experiment shows identical crude protein (%) composition for feed Il and
feed IV, although maximum crude protein of 66.04 was obtained with feed I.
The Ether Extract (%) is maximum for shrimp reared on feed VI (5.46%). The
values were not subjected to statistical analysis because the samples were
pooled. The variations however, were minor (Table VI) to be explained or

discussed.
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SUMMARY



SUMMARY

. The Experiment was conducted at the Regional Centre of Central Marine

Fisheries Research Institute, Mandapam.

. Six semipurified diets of different protein (%): digestible energy (DE)
(kcal/100gm diet) were tested on Penaeus semisulcatus juveniles to arrive

at an optimum protein: energy ratio.

. The six feeds had protein (%): DE (kcal/100gm diet) combinations of

35:280, 35:300, 35:320, 40:280, 40:300 and 40:320 respectively.

. The protein: energy ratios of the six feeds were 126.06, 113.30, 110.38,

139.63, 128.18 and 124.51 (mg protein/ kcal) respectively.

. The Penaeus semisulcatus juveniles were collected from Thallumadi:
(local shore seine) operators in the Palk Bay and acclimatized to the

laboratory conditions for one week prior to the experiment.

. Each treatment was carried out in two replicates. Five juveniles with an
initial mean length of 57.77mm with total biomass of 8 to 9 grams per

replication were studied.

. The experiment was conducted for 30 days. The responses were recorded

in terms of growth (Relative Growth Rate, Specific Growth Rate, Feed

31



Conversion Efficiency, and Protein Efficiency Ratio) protein digestibility

and gross body composition.

8. The best and identical results were obtained with feed Il and feed IV,

indicating that these two feeds are similar in their performance.

9. It could be concluded that the growth obtained with feed IV could be also
obtained with feed I[ll by increasing the non-protein energy by
40k cal/100gm. This clearly indicated that the protein sparing of 5% could
be achieved by increasing the major non-protein dietary constituent, which

was tapioca flour in this investigation.

10.The optimum protein: DE ratios required in the feeds designed for
Peneaus semisulcatus juveniles (<2g.) were determined to be 35:320 and
40: 280 and the corresponding P/E ratios (mg protein/ kcal) were 110.38

and 139.63.
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