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Aquatic organisms, including fishes and crustaceans, 

even in the best of their environments live under extremely 

dynamic physical and chemical conditions, many of which 

have no analogue in the terrestrial environment. Although 

individual fishes or populations may adapt to such conditions, 

it does not imply that they do not expend energy to cope 

physiologically with the condition*

Several factors viz, season, moulting, feeding, para

sitism, bacterial or viral infections and physiological 

stress, can change or alter the physiology or metabolism of 

crustaceans. Among these, one of the most important factors 

is food available to the animal»Starvation, which is essen

tially a condition where an animal is deprived of food, can 

be viewed, firstly as a stressor which evokes a physiological 

stress response from the animal and secondly, as an effective 

tool to study the physiology of an animal.

Starvation studies in Crustacea were primarily intended 

to explain changes that took place in the body composition 

and metabolic rate of animals during the moult cycle.when 

they undergo periods of voluntary fasting. At present this 

method is successfully used to study protein and amino acid



met-ribolisrn in different- tissues of crustacea. The starvation 

studies have the added advantage of reducing synthesis to 

a minimum# so that any changes observed are largely the 

result of catabolic processess. Reports suggest that the 

"Soft prawn" disease commonly encountered in prawn farms 

may be caused by the non availability of protein food in 

the widely fluctuating environmental conditions. This is 

particularly possible in extensive culture systems, where 

no feeding is done. This is one of the major problems in 

intensive prawn culture also, as heavy mortality is noticed 

f ol low 1 ny nuch cond i t i otis «

Studies on biochemical composition of various organs 

in prawns are particularly important for success of shrimp 

farming as this wo\ild help to identify the diet.iry require

ments of candidate species so as to formulate a suitable feed, 

Starvat:ion is n condition by means ot which the mutritlonal 

re'^uirements of animals can be studi^’d*

The shrimp Metapenaeus dobsoni contributes substantially 

to the penaeid prawn fishery along tlie south-west coast of 

India. Besides in the traditional or extensive culture, 

the most popular system of prawn culture in Kerala, this 

species is harvested the most.



Although extensive data are available on the life 

history, migrations, spawning period# larval development 

growth rate etc*, of this species, little is known about 

its ability to store reserve food material and its physio

logy. In the present study on M. dobsoni, physiological 

tests were conducted to show effects of prolonged starva

tion on the metabolism, whether it is lipid or protein 

oriented* This information would be useful for a better 

understanding of the nutritional status of the shrimp under 

rearing conditions.
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Environmental stress in animals has generated a lot of 

interest and activity among the scientific community# includ

ing environmentalists, particularly in view of the rapid 

changes occurring in the global environment as a result of 

human activities, Bayne (1975)/ described stress as a 

measurable alteration of a physiological steady state which 

is induced by an environmental change and which renders the 

individual more vulnerable to further environmental changes. 

Stress is of common occurence in wild populations as well as 

in cultured animals. Numerous stress induced physiological 

events alter the capacity of animals including fishes and 

crustaceans, to perform various physiological and behavioural 

operations or functions. Once characterised, these altered 

functions may become useful indicators of stress like capacity 

to osmoregulate, mount an immune response, resist diseases, 

respond physiologically to another stressful situation, swim, 

avoid predators etc., and therefore it is desirable to assess 

stress in fishes and prawns without using death as an end 

point.

Lack of food supply is a type of stress where the animal 

undergoes starvation, A majority of fishes live through severe 

depletion of food atleast for a part of every year in their 

natural environment (Love, 1970), and hence they are known to 

be adapted for mobilising their body constituents during



starvation. Crustaceans encounter starvation in periods of 

food scarcity and undergo periods of voluntary fasting during 

the molt cycle and seasonal dormancy* But energy requirements 

must still be met during the non - feeding periods and there 

is evidence to show that nitrogenous substances such as proteins 

are catabolised to meet the needs of the animal. In crabs# 

the amount of food available exerts a great influence on the 

metabolic rate (Wallace# 1973)• Starvation in shrimps is also 

a common feature in Atlantic and Med ̂ terranian French ponds 

where no food is added in the winter due to marked temperature 

decrease•

The abilities of different animals differ to withstand 

such stressful situations. Many decapods can survive for 

weeks or even months of total starvation (Dali, 1981., Barclay# 

et al.» 1983). Ability to survive starvation periods is in

fluenced by age (Simpson, 1965), season and environmental 

factors (Steffers, 1985)• Food deprivation induces several 

specific metabolic changes that permit fishes and crustaceans 

to mobilise their reserve substances like carbohydrates, lipids 

and proteins sparingly. The degree of starvation the animals 

can withstand also varies to a great deal from species, but 

in general lack of food, sooner or later causes a reduction in 

metabolic rate, slowing of growth, (Darves, 1930/ 1931; Brown 

1951; Philips and Barclay, 1954) and thus moulting. Growth 

in some crustaceans is inhibited by starvation (Costlow and 

Bookhart# 1953, Roberts, 1957, Kannerwortt, 1965).



Many authors have reported the effects of fasting on 

invertebrate metabolism; Steves (1963) experimented with iso- 

pods to study substrate utilization in crustacea# Parvathy 

(1973) and Marsden et (1973) for changes in the levels

of metabolic reserves in the tissues, and Schafer (1968) 

analysed storage materials of Penaeus duorarum» Cuzon and 

Ceccaldi (1971# 1973) showed the effect of inanition on 

serum proteins of Penaeus kerathurus and utilization of 

storage materials for Crangon cranqon  ̂ Mayzaud (1976) studied 

metabolic and biochemical variations in Zooplankton during 

starvation, and the role of blood in crustacean metabolism 

described by Williams & Lutz (1975). Surendranath et aj.,,

(1987) studied alterations in oxygen consumption and organic 

constituents in starved Penaeus indicus.

Under' conditions of total starvation several metabolic 

changes or a combination of them are possible* The available 

lipid may be conserved by a greatly reduced metabolic rate; 

lipid may be metabolised first, followed by protein; or the 

lipid may be conserved for other purposes and the pcotein 

metabolised instead, as occurs during moulting. The reports 

on this topic is conflicting and the interpretation is difficult 

as some of the authors have analysed the total animal while 

others have considered only individual systems or organs in an



animal like the digestive gland etc. While the digestive gland 

or hepatopancreas has long been regarded as the principal storage 

organ in decapod crustaceans, Dali (1981) suggested that the 

large muscle mass of the macrurid decapods could also be an impor* 

tant energy source*

Proteins are ubiquitous components of all living tissues 

which serve indispensable functions in cellular architecture 

and are intimately concerned with virtually all physiological 

events (Mahler and Cordes, 1968)• Therefore any change in the 

physiology of the organism as a result of adverse ecological 

conditions is bound to affect the protein content of the tissues 

qualitatively as well as quantitatively (Rajamani, 1982)•

Neiland and Scheer (1953) opined that Hemigrapsus uses protein 

rather than carbohydrate and fat as primary energy source during 

starvation.

However Armitage (1972) concluded that lipid was

the major energy reserve in Oreonectes nair, while Heath and 

Barnes (1970) found that there was a major decrease in fat in 

the digestive gland of Carcinus maenas after starvation. Others 

have confirmed that proteins are the major energy store in 

various Decapods (Neiland and Scheer, 1953). Schafer (1968) 

found that starved Penaeus duoraruin metabolised mainly fat



reserves and protein. Speak and Urich (1969) observed that 

lipids were used mainly during the first stage of starvation, 

in Oreonectes limosus while proteins were used increasingly 

in later stages, Regnault (19S1) showed that lipids and proteins 

were the main sustrates oxidised for energy requirements. How

ever Barclay e_t (1986) found that protein and not lipid is 

the major source of energy used by Penaeus duorarum during 

Starvation*

The question of whether the primary, readily mobilised 

energy source of crustacea is glycogen as in vertebrates, or 

some other sustances, is not yet satisfactorily answered, Carr 

bohydrate appears to be a minor energy reserve in decapod crust

aceans* Jungreis (1968) found no significant metabolism of gly

cogen during starvation in Orconectes virilis, Armitage et al,<

(1972) found consistently low concentration of carbohydrate in 

Orconectes nair, Regnault (1981), found that carbohydrate rese

rves were quickly exhausted during starvation. Heath and Barnes 

(1970) showed that five times as much lipid as carbohydrate was 

used during starvation in Carcinus maenas. Schafer (1968), 

Neiland and Scheer (1953), found that fasting crabs use proteins 

or lipids in preference to glycogen, Surendranath et (1987)

suggested that during early period of starvation prawns utilize



more of carbohydrates than lipids as carbohydrates are the 

chief immediate concern of energy supply under stress condition,

A decrease in glycogen was noticed for fasting Uca (Dean and 

Vernberg, 1965) and a decrease in carbohydrates for fasting 

Carcinus (plorkin, 1936) and Limnoria (George, 1966). Barnes 

(1963) studied a fasting Balanus and found that carbo

hydrates are used first and noted that the frequency in moulting 

was proportionate to carbohydrate reserves. Presumably large 

amounts of carbohydrates are used for the production of chitin 

(Renaud, 1949) in the well nourished animal, but protein and 

lipid can provide the necessary glucose units in a starved animal.

very few studies have been made so far on the changes in 

total free amino acids in prawns during starvation. Dali and 

Smith (198 7) studied changes in protein, bound and free amino 

acids in the muscle of tiger prawn Penaeus esculentus during 

starvation to assess the catabolism of amino acids for energy 

production.

There is now unifying evidence that many crustaceans use 

cholesterol for their normal growth and survival (castell et al, 

1975) but Individually cannot synthesise the molecule from 

simple precursors like acetate or mevalonate (Zandee, 1967; 

Whitney, 1969; Teshima and Kanazawa, 1971). Krishnamurthy 

et al» (1982) showed that cholesterol content in blood and 

abdominal muscle of Penaeus aztecus did not alter on a unit



wet weight basis during starvation. However considerable 

decrease was noted during starvation in the hepatopancreas# 

showing that starvation mobilises the cholesterol levels of 

the hepatopancreas.

Along with the decrease in energy reserves during starvation 

a decrease in metabolic rate or oxygen consumption rate has been 

reported* Marsden ^  ^.(1973)# Newell and Bayne (1973), Wallace

(1973), and Klein Breteler (1975) observed a decrease in oxygen 

consumption by carcinus maenas with starvation. Ansell (1973) 

found that starvation of Cancer paqurus causes a decrease in 

daily oxygen consumption by increasing the time spent in the 

resting phase. Regnault (1981) showed a decrease in oxygen 

consumption during starvation in shrimp Cranqon cranqon. 

Surendranath et (1987) also showed a decrease in total and 

unit metabolism in Penaeus indicus with starvation.

Crustaceans, even the terrestrial forms, are ammonotelic 

animals,. i.e. they excrete their nitrogenous waste products in 

the form of ammonia. The main source of this ainmonia must be 

amino acids derived from proteins. The effect of starvation on 

ammonia excretion has been studied in various species. Prolonged 

starvation evoked three different patterns of excretion rate. 

Corner and Newell (1967) and Mayzaud (1976) found that after an



w

initial decrease the ammonia excretion rate remained constant 

in copepods. Nival et al, (1974) found steadily decreasing ex

cretion rate of ammonia as starvation was prolonged in the cope- 

pod Tenora stylifera# while a high excretion rate than in fed 

animals was found after a temporary decrease in two decapods# 

Carcinus maenas (Needham 1957) and Cranqon cranqon (Regnault 

1981).

Hepatopancreas is a vital organ in crustacea, involved in 

diverse metabolic activities, being primarily responsible for 

the synthesis and secretion of digestive enzymes and subsequent 

uptake of nutrient materials# and is also Implicated in excre

tion# the moulting cycle and the storage of organic reserves, 

lipid and carbohydrate metabolism. JJepatopancreas or the midgut 

gland is highly sensitive to changes in the environmental condi

tions. The architecture of the organ is often severely altered 

before significant changes in the behaviour of prawns is observed. 

The bulk of the decapod hepatopancreas comprises long slender 

blind ending tubules# lined by an epithelium which apart from the 

distal closed end is only a single layer thick (Stanier et al, 

1980), Four basic cell types can be recognised in the epithelium 

viz,# E (Embryonic or undifferentiated)# F (fibrillar)# R (res- 

orptive or absorptive), and B (secretory) cells# which show a 

differential distribution along the length of the tubules (Davis



and Burnett, 1964; Stanier et , 1968; Barker and Gibson,

1977, 1978). Morphological studies in a number of animal 

groups have related changes caused by starvation with an 

alterration of the function in organs such as liver, kidney 

or pancreas, (Steeves, 1963). However, information on the 

variability of the decapod hepatopancreas due to exogenous 

factors is scarce. Vogt ^  ^.(1985), have established that 

the R cells of the decapod midgut gland react most sensitively 

to variations of the feed composition. Therefore they can sejrve 

as monitor cells in nutrition research.

A variety of biochemical parameters have been proposed to 

eval\ocate the trauma/stress experienced by animals owing to 

extraneous factors. Changes, in the hepatopancreas after 

starvation is important since the hepatopancreas could be a 

potential indicator organ for early starvation (PapathanassioO 

and Kin§, 1984). Several studies indicate that marked species 

differences exist in the magnitude and duration of biochemical stre

ss responses to various stressors (Wedemeyer, 1976).

Metapenaeus dobsoni is in important contributor to fishery 

of penaeid prawns in India. In extensive or traditional prawn 

farms in Kerala, which form a major portion of the brackish 

water area under culture, a major portion of the landings is 

contributed by this species. Therefore an attempt, to examine



effects of starvation on various aspects pf this species^ 

is made in the present study# with a view to contribute 

to the knowledge concerning biochemical adaptation to 

food deprivation in Metapenaeus dobsoni; to define 

storage materials used by prawns ; to isolate effects 

of starvation from those of moulting; to discover which 

parts of the body are used for storage and to determine 

if metabolic rate is affected by starvation.
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m a t ,E R I A L S  A N D  M E T H O D S

Live shrimp (Metapenaeus dobsonl), 40-65 mm in size 

were obtained from the wild near Puduvyepu Light house, 

Cochin. They were caught using a cast net and normal 

healthy animals were transported to the laboratory.

These animals were acclimatised to lab conditions in 

large 2t fibre glass thanks having filtered and well 

aerated seawater of 15 ppt salinity for two weeks prior 

to the experiment. As the nutritional status of the 

animals in the wild were not known, they were fed with 

boiled clam meat during the acclimatisation period.

Prawns in the inter moult stage were used for the experiment.

The experiments were carried out in three phases.

In the first phase two size groups of Metapenaeus dobsoni# 

40-50 mm and 55-65 mm were subjected to starvation to study 

the survival rate of the different size groups. Ten prawns 

of each size group were stocked in separate tubs of 40 litre 

capacity. Three replicates were made and mortality was 

recorded. Dead prawns were immediately removed from the 

experimental tubs. The experiment was continued till 50% 

of the animals from each size groups were dead.

In the second phase 80 prawns were reared in 8 separate 

tubs of 40 litre capacity with 10 prawns in each tub. They 

were starved for a period of 21 days, after which feeding



was resumed for one week* Refeeding was carried out for 

a single week only to find if the prawns would recover.

Ten prawns each from the experimental and control tubs 

were sacrificed every week for biochemical and histolo

gical studies. The third phase of the experiment was 

designed to study the weight loss, change in moisture 

content and Oxygen consumption rate when prawns were 

subjected to starvation. Control animals also of the 

intermoult stage were maintained separately and fed on 

boiled clam meat. One third water in all the tubs was 

replaced with fresh filtered water, every second day and 

completely changed once in a week. Continuous aeration 

was provided throughout the experimental period and the 

temperature ranged between 26 and 30 degree Celsius,

BIOCtlEHICAL ANALYSIS;

Total carbohydrates, glycogen, proteins, free amino 

acids, lipids and cholesterol were obtained for their 

quantitative determination in muscle, hepatopancreas and 

haemolymph.

Collection of haemolvmph and tissue

Haemolymph samples were collected in small glass vials 

using a 1 ml hypodermic glass syringe, fitted with a No. 22 

needle, from the pericardial cavity of prawns. A 3,8%
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solution Trisodium citrate was used effictively as an 

anticoagulant* The wfire then immediately dissected

out* The fresh body muscle !■*'*natopancreas and gut were 

isolated and stored separately along with the haemolymph 

in the deep freezer till analj/sis was done.

Total carbohydrates were detf"’ 'Ined '-7 the Phenol- 

sulphuric acid method given by Dubois ^  (1956), while

Glycogen was estimated by tlie Anthrone method as given by 

Caroll et al.. (1956)* D-glucose was used to prepare the 

standard.

Total protein was estJ.mated by the Folin-Ciocalteu 

method of Lo'^ry ^t aJ.. (1957)* Bovine serum albumen was 

used to prepare the standard graph.

The quantitative os timation of total free amino acids 

was carried out using tl̂ e method Yerran and Cocking (1955) 

Glycine and glutamic acid were the amino acids used as 

standards.

Lipids were determined by the Sulpho-phosphovanillin 

method of Barnes and Blackstock (1973). Total cholesterol

was determined by the Henley's method as given by Varley 

(1957) using Ferric chloride. Glacial acetic acid and conc.

Extra pure cholesterol was used as standard for 

both the above procedures.



Histological studies

Histological studies on normal and experiemental 

prawns (starved 3 weeks) were made on the hepatopancreas• 

The prawns were dissected when alive and their hepato

pancreas was inmediately transfered to the Bouin's fluid.

After 48 hours, the tissues were removed from the 

fixative# washed thouroughly in running tap water for 

atleast 4 hours, and then dehydrated through a series 

Of alcohol grades starting from 70% to absolute alcohol. 

The tissues were kept in each grade for atleast an hour 

before passing on to the next grade. They were then 

cleared, first in alcohol-xylene mixture (1»1), followed 

by two changes in pure xylene. Before embedding in 

paraffin was, a one hour impregnation in molten wax 

(50 - eo'̂ c) was given twice.

The sections were cut at 4-6 u thickness using a 

Rotary microtome, Deparaffining was done in xylene. The 

tissues were then hydrated through a series of alcohol 

grades from 100% to 30%, then to water and stained using 

Karri's alum Hematoxylin and counterstained using 1% 

alcoholic eosin. The stained sections were dehydrated.



cleared and mounted in D/P/x. Photomicrographs were 

taken using "American Optical Research Microscope",

Oxygen Consumption rate

The oxygen consumption rate was measured using a crude 

resppirometer and the water samples were analysed of oxygen 

content by the Winkler’s method.

Moisture content

Moisture content in the animals were determined by 

drying the weighed animals at about 60°c in a hot air oven 

for about 24 hours or until constant weights were obtained. 

The tissues were subsequently dessicated over silica gel 

and reweighed* The difference between the weights gave 

the amount of moisture content in the tissues.

Statistical analyses

Stastical analysis was done to find out any significant 

differences in experimental results. Initially mean and 

standard deviation of the data were calculated. 2 way ANOVA 

(Analysis of Variance) and students 't' test was performed 

to test significance between treatments i.e., different 

periods of starvation and control.



R E S U L T S

B IO C H E M IC A L  ANA.LYS1S:

m u s c l e TISSUE; The results of the biochemical analysis

out in muscle tissue of starved Metapenaeus dobsonl 

is presented in Table 1,

Total Carbohydrates! a gradual decline in the level of total 

carbohydrates was observed in the muscle tissue of starved 

prawn. The values decreased from 1.095 ± 0,19 at the start 

of the experiment to 0.6638 + 0.04, 0,5114 + 0.04 and 0.3148 

+ 0.32 mg/100 mg at the end of the first# second and third 

weeks respectively. After one week of refeeding the carbo

hydrate level returned back to 0,5440 + 0.08 mg/100 mg. In 

the control, i.e.# fed prawns, the values ranged between 

0,8980 mg/100 mg and 2.1960 mg/100 mg (Fig. 1).

Statistical analysis was carried out using ANOVA which 

showed significant difference in total carbohydrate content 

between fed and starved prawns at 5% level (Table. 6a).

Glycogen: A significant decrease in the amount of glycogen 

was observed in the muscle tissue during starvation. It 

rapidly fell from 0.5540 + 0.06 mg/100 mg in the initial 

experiment to 0.348 + 0,04, 0,1592 + 0,05 and 0.0373 + 0.04



mg/lOOmg at the end of the first, second and third weeks 

respectively. It rose back to 0.2112 + 0.08 mg/lOOmg after 

one week of refeeding. In the control, the amount of glycogen 

ranged between 0.504 and 1.23 mg/lOOmg (Fig, 2).

ANOVA showed that the difference in glycogen content 

between starved and fed prawns were statistically significant 

at 1% level (Table. 6b),

Protein» Protein levels declined from 22.5758 + 3.64 mg/ 

lOOmg during the first experiment to 13.074 + 3.37, 8.974 + 

1.25 and 6.462 + 1.04 mg/lOO mg at the end of the first, 

second and third weeks of starvation respectively. On re

feeding for one week, it rose to 13.5979 + 3.23 mg/lOO mg.

In the control, the values ranged between 18.45 mg/100 mg 

and 41.419 mg/100 mg (Fig. 3).

ANOVA revealed that, the difference in protein content 

between starved and fed prawns were stastistically significajit 

at 5% level (Table. 6c)•

Free amino acidsi The levels of free amino acids showed a 

fluctuating trend in starved prawns which fell from 0.3322 + 

0.06 mg/100 mg at the beginning of the experiment to 0.2366 + 

0.03 mg/100 mg at the end of the first week, rose to 0.2955 +



0.02 mg/100 mg and 0.4318 + 0*03 mg/100 mg at the end of 

the second and third weeks respectively. The values fell 

to 0.2980 + 0,03 mg/100 mg on refeeding. In the controls, 

the values ranged between 0.2054 mg/100 mg and 0,4126 mg/ 

100 mg (Fig. 4) .

ANOVA revealed no statistical significance in total 

free amino acid content between starved and fed prawns. 

(Table 6d).

Total lipids? A gradual decline in the level of total 

lipids in the muscle tissue was observed in starved prawns* 

The lipid content declined from 2.9262 + 0.16 mg/100 mg 

at the start of the experiment to 2.0904 + 0,09, 1,6878 + 

0.13 and 1,0486 + 0.12 mg/100 mg at the end of the first, 

second and third weeks of starvation respectively. It 

reincreased to 1.8832 + 0.48 mg/100 mg after one week of 

refeeding. In the controls, the values ranged between 

2.575 and 6,897 mg/100 mg (Fig. 5),

ANOVA revealed that the difference in lipid content 

between starved and fed prawns were statistically signi

ficant at 5% level (Table. 6e).

Cholesteroli The level of cholesterol registered a more or 

less steady decline. It fell from 0.2286 + 0.62 mg/100 mg



at the 'zero day of the experiment to 0.1332 + 0.62, 0.1264 

+ 0.02 and 0.1142 + 0.02 mg/100 mg at the end of the first# 

second and third weeks of starvation. It increased to 0.1722 

^ 0,02 mg/ 100 mg after refeeding for one week. In the 

controls, the values ranged between 0.1854 and 0.3478 rag/

100 mg (Fig. 6 ).

A statistical significance at 5% level was observed in the 

Cholesterol content between fed and starved prawns by ANOVA 

(Table . 6 f)
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Fig.6 Cholesterol levels (mg/lOOmg) of muscle of 

fed and starved shrimps versus time.
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s t a t i s t i c a l a n a l y s i s

ANOVA TABLES

Table. 6 a s Carbohydrate muscle

SCXIRCE D. F. SUM. SQR mean . SQR F-VAL re m a r k s

t r e a t 1 1.964 1.964 15.52 SIG (5%)

RHPLIC
ERROR

4
4

0.093
0.506

0.023
0.127

0.18 N.S

Table 6 b: Glycogen muscle

SCURCE D-F. SUM. SQR mean . SQR F-VAL REMARKS

t r e a t 1 0.671 0.671 12.73 HI. SIG(lX)

REPLIC 4 0 -018 0.004 0.08 N.S

ERROR 4 0.211 0.053



STATISTICAL AMALYSIS 

ANOVA TABLES

Table 6 c* Protein muscle

SOURCE D.F. SUM, SQR MEAN.SQR F-VAL re m a r k s

t r e a t 1 475.798 475.798 14.80 SIG (596)

REPLIC 4 80.273 20.068 0.62 N.S

ERROR 4 128.592 32.148

Table 6 d : Amin © a d d  muscle

SOURCE D. F SUM. SQR m e a n . SQR F-VAL r e m a r k s

TREAT 1 0 .001 O.OOl 0.32 N.S

REPLIC 4 0 .009 0.002 0.80 N.S

ERROR 4 0.012 0.003



s t a t i s t i c a l a n a l y s i s 

ANCVa t a b l e s

Table 6 es Lipid muscle

SOURCE D.F. SUM, SQR m e a n.SQR F-VAL rema rks

tr e a t 1 7.906 7.906 15.50 SIG iS%)

REPLIC 4 0.831 0*208 0.41 N.S

ERROR 4 2.040 0.510

Table 6 fi Cholesterol muscle

SOJRCE D.F. SUM.SQR MEAN . SQR F-VAL rema rks

t r e a t 1 0-020 0.020 11.48 SIG (5%)

REPLIC 4 0.004 0.001 0.58 N .5

ERROR 4 0.007 0.002



Total carbohydrates I The amount of total carbohydrates in 

the hepatopancreas fell from 2*8006 + 0,02 mg/100 mg at the 

start of the experiment to 1.6276 + 0.2487 mg/100 mg at the 

end of the first week/ then increased steadily to 1.7704 +

0.03, 2,067 + 0,09 and 2,5120 + 0,18 at the end of the second 

and third week of starvation and one week of refeeding respec

tively, In the normal fed prawns# the values ranged between 

2,4860 and 3,84 mg/100 mg (Fig. 7).

ANOVA revealed that the difference in total carbohydrates 

between starved and fed prawns were statistically significant 

at 5% level (Table. 7a) ,

Glvcoqeni A steady decline in the level of glycogen was observed 

in the hepatopancreas of starved prawns. It fell from 1,3832 + 

0.24 mg/100 mg at the beginnii:g of the experiment to 0,9486 + 

0,12, and 0,1432 + 0.05 mg/100 mg at the end of the first, 

second and third week of starvation respectively. The glycogen 

content rose to 0.6195 + 0„17 mg/100 mg after 1 week of refeed

ing. In the controls, the values ranged from 1.054 and 3.015

mg/100 mg (Fig* 8)*



zk

Protein: Protein levels in the hepatopancreas of starved 

prawns showed a gradual reduction with time. The value of 

10*3236 + 1*02 mg/lOOmg at the zero day of the experiment 

decreased to 6*996 + 0.68 mg/100 mg at the end of the first 

week# 4.75 + 0,81 mg/100 mg at the end of the second week 

and 2.149 + 0.20 mg/100 mg at the end of the third week.

It recovered slowly to 4.4104 + 0.45 mg/100 mg on refeeding 

for a week. The values in the control animals ranged between 

8*45 mg/100 mg and 14.666 mg/100 mg (Fig. 9).

The difference in protein content in hepatopancreas 

between fed and starved prawns were statistically significant

at 5% level by AIJOVA (Table 7c) .

Free amino acids j A rapid increase in the levels of free amino 

acids was observed in the hepatopancreas of starved prawns. The 

FAA content increased from 0.1462 + 0.02 mg/100 mg at the beginn

ing of the experiment to 0.2595 ± 0.02. 0.3322 + 0.03. and 0.4047 

+ 0.04 mg/100 mg at the end of the first, second and third week 

respectively. It fell to 0.2551 ± 0.06 mg/100 mg after one 

week of refeeding. The content ir. the control prawns ranged 

between 0.1135 mg/100 mg and 0.2167 mg/100 mg (Fig. 10).



Tota.L_L_ipidsi The amount of total lipids in the hepatopan- 

creas of starved prawns showed a rapid decrease. It came 

down from 12.7270 + 1,65 mg/100 mg at the initial day of 

the experiment to 8.5824 + 1.36, 4,8568 + 0,61 & 1,9654 +

0,27 at the end of the first# second and third weeks of 

starvation. Refeeding made a rapid increase in lipid level 

to 7,1015 + 2.00 mg/100 mg within a week. The values in the 

controls ranged between 9,96 mg/100 mg and 20,44 mg/100 mg 

(Fig. 11).

ANOVA Showed that the difference in lipid levels, were 

statistically significant between fed and starved prawns at 

5% level (Table. 7e) ,

Gholesterol« cholesterol level fell initially and then 

stabilized to a constant level during starvation. It declined 

from 0.3144 + 0,07 mg/100 mg at the start of the experiment to 

0.2759 + 0,02 and 0.2029 + 0,03 mg/100 mg at the end of the 

first and second weeks respectively. It was steadied at 0,2101 

+ 0,02 mg/100 mg at the end of the third week before recovering 

to 0.2819 + 0.01 after a weeks refeeding. The values in the



controls ranged between 0.2040 mg/100 mg and 0.4317 mg/

100 mg (Fig. 12).

ANOVA revealed that the difference in cholesterol levels 

between starved and fed shrimps were statistically significant 

at 5% level (Table. 7f).
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Fig. 7. Total Carbohydrate levels (rag/loOmg)

O f  hepatcpancreas o f  fed and starved shrl„ps 

versus time.
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F ig . 8 .  Glycogen levels  (n,g/ioOmg) of hepatcp^ncreas 

O f  fed and starved shrimps versus tin>e.
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Fig.9. Protein levels (mg/ioomg) of hepatq.ancreas 

Of red and starved shrinpa v^r.u,. time.
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f’ig. 10. Total F'ree Amino acid levels (mg/ioomg) 

of Jiepatcpancreas of fed and st^\rved shrimps versus time.
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Table 7 a* Carbohydrate hepatopancreas

S OU RCE D.F. SUM.SUR MEAN .SQR F-VAL r em ar k s

TREAT 1 2.250 2.250 10.85 SIG (5X)

REPLIC 

E RROR

4 0.296 

4 0.830

0.074

0.207

0.36 N.S

Table 7 bt Glycogen hepatopancreaa

SOURCE D.F. Sl/M.SQR MEAN ,SUR F-VAL r e m a r k s

TREAT 1 3.270 3,270 14.09 SIG (5:̂ >

REPLlC 4 0.343 0.086 0.37 N .5

ERROR 4 0.92y 0.232



Table 7c t Protein hepatcp ancreas

SOURCE D.F. SUM.su. R MEAN .SUR F-VAL REMARKS

TREAT 1 54 .759 54.759 12.24 SIG (6^)

REPLIC 4 20-640 5.16 0 1.15 N .3

ERROR 4 17 .896 4 .474

Table 7di Anlnoacld hepntopancreas

SOU Re'S D.F. SUM ,SUR MEAN .SQR F-VAL REMAIN

TREAT 1 0.038 0-03b 8, 23 SIG (5%)

REPLIC 4 0,020 0.005 1.09 N .S

ERROR 4 0 .Ola 0.005



Table let Lipid hepatopancreas

SOURCE D .F . SUM.SQR MEAN.SQR F-VAL REMAFICS

TREAT 1 125.992 125.992 10.48 SIG(5%)

REPLIC 4 24.768 6,192 0.51 N .S

ERROR 4 48.101 12.025

Table Vf* Choiesterol hepatc^ancreas

S OURCE D.F. SUM.SUR MEAN.SUR F-VAL RmAPKS

TREAT 1 0 . 0 2 0 0 . 02 0 9 . 28 SIG {5%)

REPLIC 4 0,002 0.001 0.27 N.S

ERROR 4 0.009 0.002



Total carbohydrates! After an initial increase, the carbo

hydrate content declined to low levels with time. From 

25.627 + 4.08 mg/100 ml at the start of the experiment# it 

increased to 41.0408 + 3.81 at the end of the first week.

It then fell to 20«348 + 2o79 mg/100 ml and 4*1828 + 3.37 rog/ 

100 ml at the end of the second and third weeks respectively.

It recovered to 26.1884 + 4.03 within a week if refeedlng.

The values in the controls ranged between 19.168 mg/100 ml and 

and 30.96 mg/100 ml (Fig. 13).

ANOVA showed no statistical significance in the difference 

in total carbohydrates in haemolymph of starved and fed prawns 

(Table 8a)«

Glvcoqent A gradual reduction in the amount of glycogen was 

observed in starved prawns. It fell from 26.54 ± 2.99 mg/100 ml 

at the start of the experiment to 17.79 + 2.42, 10.70 +_0.84 

and 9.74 + 1.69 mg/100 ml at the end of the first, second and 

third weeks respectively. It Increased to 16.88 + 2.87 rag/

100 mg after d>ne week of refeeding. In the controls, the values 

ranged between 23.4 mg/100 ml and 55 mg/100 ml (Fig.l4).



 ̂ amount of protein showed a rapid decline* From

6«1544 + 1.70 mg/100 ml at the start of the experiment, it 

decreased to 4o6832 ± 0.44, 3o0202 + 0.44, and 1.520 + 0.39 

mg/100 ml at the end of the first, aecond and third week of 

starvation respectively. It increased to 4.429 mg/100 ml after 

one week reteediny. TVie values in the controls ranged from 

4.490 mg/100 ml to 9.114 mg/100 ml (Fig« 15).

AKOVA revealed that the difference in haemolymph protein 

between led and starved prawns were statistically significant. 

(Table 8 c ) ,

Free amino acidss A build up of free amino acids was noticed 

in the h'lornolyinph of r^tarvf'd prawn . A1 tpr an initial drop*

It came down Irom 1.9343 + 0.12 mg/100 ml at the start of the 

experiment to 0.7196 + 0.12 mg/100 ml at the end of the first 

week. It then went upto 1.6294 + 0.59 mg/100 ml and 3.0386 + 

1.30 m g / 1 0 0  ml at the end of the second and third week respec

tively. On refeediny, it came down to 2.0424 + 0.35 mg/100 ml 

within a week. In the control the values ranged between 1.560 

mg/100 ml and 2.560 mg/100 ml (Fig. 16)=



^ sharp decline in the level of total lipids 

w-is obnotvf'd in starved pi awns. It fell from 309.03 + 46.46 

my/100 ml at the beginning of the experiment to 231,048 + 

43,05, 154,9^6 + 16.0/6, 80.96 + 16.759 mg/lOO ml, at the end 

ot the first, second and tliird weeks respectively. It reco- 

v<‘red to 1B^.71B + 17*74 nig/100 ml after one week refeeding. 

In the cojjtrols, values ranged between 243,96 and 523,14 mg/ 

100 ml (f'iy, 17) .

AhUVA r«*vealed that difierence in total lipids in

hciemolymph of fed and starved prawns were statistically 

significant ( Table, Re).

CholentoK'li choles tf'iol levels decreased gradually in 

tarved prawns. It came down from 36,0554 + 3,17 mg/100 ml 

t the Btait of the experiment to 32,8516 + 3,13, 20,956 + 

2.03 and 16,25 + 2,15 ing/100 ml respectively, at the end 

of the firr.t, s-cond and third weeks of starvation. It 

increased to 25.5352 + 3.17 mg/100 m l  on refeeding for a 

week. in the controls, values ranged between 30.94 mg/100 ml

and 41o67 jng/100 ml (Flgo 18).

s

a



ANOVA revealed that the difference in cholesterol 

content between fed and starved prawns were satistically 

sianificant at 5% level (Table. 8 f,)*
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Table 8ai Carbohydrate blood

SCURCE D.F, SUM .SQR MEAN .SUR F-VAL r e m a r k s

TREAT 1 14 .851 14 .851 0.19 N.S

REPLIC 4 3y4 .J16 96.079 1.20 N.S

ERROR 4 320.555 00, 139

Table 8bi Glycogen blood

SOURCE U.F. SUM .SUR MEAN .SUR F^VAL REMARKS

TREAT 1 737 .710 737 .710 14.32 SIG(5%J

REPLIC 4 37 .061 9.265 0.18 N.S

ERROR 4 206 .119 51.530



s t a t i s t i c a l  a n a l y s i s

AN OVA TABLES

Table 8cf Protein blood

SOURCE D.F. SUM,SUR MEAN ,SUR F-VAL REMAFS^S

TREAT I 15.344 15.344 0.85 S1G{S%)

REPLIC 4 5.590 1.398 0.81 N.S

ERROR 4 6 .932 1.733 0.81

Table 8di ^inoacld blood

S OU HCE D.F. SUM .SUR MEAN,SUR F _VAL REMAiacS

TREAT 1 0.051 0,051 0.13 N.S

REPLIC 4 1,28 2 0.321 0*84 N.S

ERROR 4 1. 518 0.380



Table 8e. Lipid blood

SOURCE D.F, SUM.SQR MEAN.SQR F-VAL r em ar k s

t r e a t 1 63620.000 63620.000 12.89 SXG (5%)

REPLIC 4 12764.500 3191.125 0.65 N.S

ERROR 4 19 /30 .560 4934.641

Table 8fi Cholesterol blood

SOURCE D.F. SUM.SQR m e a n .s o r F-VAL REMARKS

t r e a t 1 297 .302 297.302 a . 06 SIG (554)

REPLIC 4 124.833 31.208 0.85 N.S

ERROR 4 147 .5 27 36.802



moisture:. Cur^EOT, Moisture content increased substantially

with increasing staivationo The average moisture content

after the first, second and third weeks of starvation were

75,79?i, 76o78% and 81c04% respectively. On refeeding it

came down to 76,27%c In the controls, the mean values 

ranged between 74.8?i and

LOSLi t A gradual decrease in the weight of starved 

animals and increase in fed animals were observed* The mean 

weight in the experimfntal animals was 1,042 + 0,129 g at 

the start of the experiment which dropped to 1.01 + 0.191 g, 

0.97 + 0^16 g* 0,89 + 0.113 g at the end of the first# second 

and third weeks respectively. It then increased to 0«992 +

0,09 g after one week of refeeding (Table. 5),

In the control animals the weight increased continuously 

from 0.946 + 0.074 g at the start of the experiment to 1.128 + 

0.133 g, 1.242 + 0.0113 g, 1.3076 + 0.081 g, 1.381 + 0.0763 g 

at the end of the first# second, third and fourth weeks of 

feeding*

SURVIVAL. RATEt

Larger prawns belonging to the size group 55 - 65 mm were 

found to be better e(|uipped to counter starvation than smaller 

ones belonging to the size group 40 - 50 mm. 50̂ /o mortality 

in the first group of animals (55 - 65 mm ) was recorded on the 

31st day while the corresponding figure in 40 - 50 mm sized,, 

prawns was on the 2 7th day®



OXYOEM CONSUMPTION RATE: A small decrease in the metabolic 

rate was observed in starved animals* The oxygen consumption 

rate came down froip 1.032 + 0,048 ml/g body wt/hr at the 

start of the experiment to 0,9063 + 0.0063, 0.6726 0.0664, 

and 0,583 + 0,07 ml/g. body wt/hr at the end of the first# 

second and third weeks respectively. On refeeding# the 

metabolic rate increased a fraction above the initial rate to

1,19 + 0.2105 ml/g./hr (Table. 4).

ANOVA showed that the difference in Oxygen consumption 

rate between fed and starved prawns are not statistically 

significant (Table. 9).



T a b l  e  4 . V a r i a t i o n s  I n  t h e  O x y g e n  c o n s u m p t i o n  r a t e  

t l g J t a p g p g c i j s  d o b s c n l  w i t h  s t a r v a t i o n  o f  

t h r e e  w e e k s  r j i ,rcT t lon  a n d  r e f e e d l n g  o f  o n e  

w e e k .

O u r a t i  o n  
( W e e K s )

E x p e r i m e n t a l  
(S t a r v e d ) 

m l / g  . w t / > l r

Con t  r o l  
( f  e d  J 

m l / g , w t / H  r

0 1 . 0 3  2 + 0 . 0 4 8 1 . 0 3 2  + 0 , 0 4 8

1 0 . 9 0 6 3  + 0 , 0 0 6 3 1 , 0 0 0 3  + 0 , 0 4 1 6

I I 0 . 6 7 2 6  + 0 . 0 6 6 4 1 . 0 3 3  + 0 , 0 7 0 2

1 1 1 0 . 5 8 3  + 0 . 0 7 1 . 0 5 4  + 0 , 0 5 8 5

I V  1 . 1 9  1 + 0 , 2 1 0 5  

( R e £ e e d i n g )

1 . 0 3 6  + 0 , 0 2 5

Table 5 .  E v o l u t i o n  o f  w e i g h t s  o r f e d  a n d  s t a r v e d  s h r i m p s .

D u r a t i  cn S t a r v e d  s l i r i r n p F e d  s h r i m p  
( g J( W e e k s ) ( g )

O 1 , 0 4  + 0 . 1 2 0 . 9  5 + 0 . 0 7

I 1 . 0 1  + 0 . 1 9 1 , 1 3  + 0 . 1 3

I I 0 . 9 7  + 0 . 1 6 1 . 2 4  + 0 , 0 1

I I I 0 . 8 9  + 0 . 1 1 1 , 3 0  + 0 . 0 8

I V

( P-e f  e e d l  n q  )

0 . 9 9  + 0 , 0 9 1 , 3 8  + 0 . 4 3

All values are X + SD of three determinations



STATISTICAL ANALYSIS 

AN OVA TAiJjES

Table 9 « Oxygen consumption rate

liOURCE D.F. SUM .SQR MEAN.SQR F-VAL REMARKS

TREAT 1 0.059 0.059 1.79 N.S

RBPLIC 4 0.120 0.030 0.90 N.S

ERROR 4 0.133 0.033



Histological Studies

The hepatopancreas Is a vital and major organ in 

Crustacea, involved In diverse metabolic activities like 

synthesis and secretion of digestive enzymes, lipid and 

carbohydrate metabolism and the storage of inorganic 

reserves, it is a large but compact complex of ducts and 

blind ending tubules, occupying much of the cephalotharacic 

space* Four basic cell types were recognised in the epithi- 

lium lining the tubules viz E(embryonlc) cells^ F(fibrillar) 

cells, B(Bllister like) cells and R(resorptive) cells corres

ponding to the classification of Hirsch and Jacobs (1930), 

in the present study. The E cells were observed at the 

extreme distal end of the tubules and are undifferentiated 

cuboidal cells. The secretory type F and B cells were 

distributed all along the tubules and contaiii prominent 

vacuoles, while the absorptive or resorptive R cells were 

squeezed between the other cell types.

Marked histological changes were observed in the hepato

pancreas of starved prawns. At the end of the first week of 

starvation, extensive vacuolation was observed In the epithelial 

cells of the tubules. The nuclei of most of the cells in the 

proximal region of the tubules appeared pyknotic. By the end 

of the second week, a lot of degenerative changes were observed 

in the structure of the tubules. Most epithelial cells were



det^a^ched fx'oxn the bassl lamina and many cells were already 

autolysed* Such changes were magnified at the end of the 

third week*

The size of the hepatopancreas seemed smaller and the 

architecture of the organ was completely damaged. Living 

cells were observed only in the peripheral region of the 

organ. These were mainly the embryonic E cells, A few F 

and B cells were also observed in this region. The central 

portion of thp organ appeared completely vacant. Only 

scattered connective tissue was observed in this region.

After one week refeeding rapid changes were observed 

in the hepatopancreatic structure. Intense proliferation 

and regeneration of cells were seen. A large number of 

E type cells and few F, B and R cells were observedo



PLATE II

Fig, I. Section through hepatopancreas showing
tubules in oooial fed prawns (x 1000 approx).

Plg« 2« Section through hepatopancreas showing
tubules in normal fed prawns (x 2000 approx)*



PLATE II

Pig* 1

Wg. 2.



Flg« lo Cross section through hepatopancreatlc
tubules in normal fed prawns (x 1000 approx)*

Fig*, 2« Cross section through hepatopancreatlc
tubules In prawns starved for three weeks 
showing extensive vacuolation (x lOOO 
approx)•



PLATE III

rig. 1.

w .g . 2 .



Fig. 1. Gross section through hepatopancreatic 
tutuies in normal fed prawns (x 2000 
approx).

Fig* 2. Cross section through hepatopancfeatic
tubules in prawn starved for tliree weeks 
showing extensive vacuolation (x 2000 
approx)•



PLATE IV,

Fig. 1.

rig. 2



Fiyo 1* Section throuyh hepatopancreas of prawn starved
for three weeks showing areas with differential 
degeneration (x 500 approx)©

Fig# 2. Section tlirouyh hepatopancreas of prawns
starved for three weeks. Note vacuoiation, 
degeneration and loss of tubular arrange
ment ( X 2000 approx).



PLATE V

Pig* 1*

Fig, 2,



Fishes and Crustaceans, both in the wild and in semi- 

intensive and intensive culture systems often face highly 

stressing conditions. These may result in physical injury 

and lead to various endocrine and metabolic responses, A 

variety of biochemical parameters have been proposed to 

evaluate such stress responses. The results of a few of 

these parameters studied in starved Metapenaeus dobsoni 

are discussed below.

The question of whether the primary readily mobilized 

energy source of Crustacea is glycogen, as in other verj:e- 

brates is not satisfactorily answered yet. Results of an 

early study on Hemiqrapsus led to tlie conclusion that there 

was no change in the level of glycogen after 23 days starva

tion. (Neiland and Scheer, 1953). In contrast, a decrease 

in glycogen was noticed for fasting Uca (Dean and Vernberg 

1965) and a decrease in carbohydrate for fasting Carcinus 

(Florkin, 1936). Hepatopancreas glycogen stores in P. japon> 

icus w a s rapidly depleted during starvation presumably b?ing 

converted to glucose. Similar results were obtained by 

Schaffer (1968) for P. duorarum and Cuzon and Ceccaldi (1973)

using C, cranqon.



In the present study over 90% depletion of glycogen 

was observed in the hepatopancreas and muscle and over 60% 

in the haemolymph of starved prawn. Over 70% reduction 

in total carbohydrate levels were seen in the muscle and 

hepatopancreas and over QGTA in the blood* Total carbohy

drates in the blood of starved prawn increased to 60% in 

the first week before coming to this figure* Parvathy 

(1971 b, ) and Cuzon ^  .ii,• / (1980) showed decreased blood 

glucose levels in starved prawns due to absence of exogen

ous sugar supply.

Results therefore indicate rapid metaboli5;m of total 

carbohydrates in starved prawn, these being the immediate 

concern of energy supply under stress coTiditions. The tempo

rary rise in the level of total carbohydrates in the blood 

could probably be due to a high rate of degradation of hepat- 

opancreatic or muscle glycogen or other metabolites during 

initiaJ. stages of starvation, providing glucose units to the 

blood.

The results on the energy metabolism in Crustacea are 

conflicting. Renaud (1949), one of the first to work on 

starvation concluded that energy metabolism in Crustacea 

was cef.tnrod around lipid:;, Armitage e_t aj_. (1972) con

cluded that lipid was the major energy reserve in QrrnnRCtea.



nai^, while Hecath ■\na Barnes (1970) found there was a 

major decrease in fat in the digestive gland of Careinus 

maenas after starvation. None of these authors, however# 

examined changes in body protein during starvation, Suren— 

dranath e_t al» (1987) showed highest decrement in lipids 

(75*92% in midgut gland and 67*08% in muscle) followed by 

protttin and carbohydrate in Penaeus indicus subject to 

starvation. He opines that It is due to a lipid oriented 

metabolism indicating preference of lipids to protein and 

carbohydrates* Progressive mobilization of organic subst

ances in starved Penaeis japonicus was reported by Cuzon 

et al» (1980)* Here lipid was used first and protein was 

used more slowly.

Starvation in Cray fish 0 ,limosus reduced total body 

protein only 2% after 15 days and 11% after 41 days. Protein 

was calculated to have provided 70% of energy expended 

between 15 and 41 days of starvation (Speck and Urich,

1969) Claybrook (1983) suggested that total proteins in 

the haemolymph of starved animals show a gradual decline# 

while individual proteins may respond differentially. Dali

(1974) showed a 48% reduction in haemolymph protein concen-

tration of the Rock lobster Panullrus lonqipes after 4 weeks



Starvation, In ^ranqon crangon# total haemolymph protein 

dropped 68% after 23 days of starvation (Djangmah, 1970). 

Barclay* Dali and Smith ( 1907 ) suggested that prote

in and not lipid is the major source of energy used by the 

shrimp Penaeus esculentus during starvation. The whole 

animal in their study lost 20% protein and 30?̂  of its lipid 

after 14 days of starvation. Neiland and Scheer (1953) 

working on whole Hemiqrapsus nudus showed that after 23 days 

of starvation# protein was the major energy source and obser* 

ved no decrease in lipid, Surendranath found 40.6%

decrement of protein in muscle and 67% in the hepatopancreas 

in P. indicus/ starved for 15 days. Regnaults (1981) work 

on the shrimp Crangon crangon using O.N* ratios to estimate 

substrate'-Utilization at 12 - 14^C showed that after 6 days, 

shrimps use both protein and lipid, and just protein after 

14 days* although this is an indirect method of estimation. 

Decreased levels of protein were reported for amphipods 

during starvation (Wieser, 1965 a). Schafer (1968) showed 

that the absolute level of protein diminished with starvat

ion# contributing 14% of total calorific requirements of 

the starved animals. Steadily decreasing levels of blood 

protein followed by a decrease in blood viscosity was report

ed by Cuzon ejfc. (1980) in starved Penaeus iaponicus>



Some studies have indicated that both lipid and protein 

are used. These include those of Schafer (1968), Speck and 

Urich (1981) and Regnault (1981) mentioned above. In the 

present study, 75% decrement of protein and 73% decrement 

of lipid in haemolymph of Hetapenaeus dobsoni starved for 

21 days was observed. In the hepatopancreas protein decre

ment was 79% and lipid decrement 84% and in the muscle, the 

corresponding reduction in protein and lipid were 70% and 

64% respectively.

Maximum depletion of both protein and lipid occured in 

the hepatopancreas, followed by blood and muscle in the 

starved prawn, but the percentage reduction in the amount 

of lipid and protein individually were more or less same in 

each of the tissues examined. Though it cannot be stated 

that metabolism is centered around lipid or protein, there 

is no doubt in the fact that protein, being the more domin

ant constituent in the body in terms of weight can be said 

to contribute more towards production of energy in starved 

{>rawn, Barclay et al, (19 ) had made similar observations 

in starved Penaeus esculentus, where lipids made a relatively 

smaller contribution to energy requirements inspite of their 

being depleted at a proportionally greater rate than protein, 

Hartenstein (1970) observed that the level of protein in
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varies directly with the supply and quantity of food.

It has generally been considered that the main role 

of free amino acids is as osmotic effectors (Dali, 1975, 

Schoffeniels, 1976, Mccoid ^  1984), But Torres (1973)

found that changes occurred during starvation in Penaeus 

Herathurus, The total FAA level rose at the end of the first 

week and then declined some what in the abdominal muscle 

of the prawn starved for 4 weeks. Me Coid (1984) comments 

that these free amino acids could constitute a labile pool 

available for energy production, since most of them are non 

essential amino acids.

In the present study, the total FAA level rose continu

ously after an Intial decline in the first week in tfie muscle 

and in the blood while in the hepatopancreas it rose continu

ously* Studies of Odessey et al., (1974) and Fulks et

(1975) indicate that the decline in essential cellular FAA 

during fasting initiates protein catabolism. It is therefore 

suggested that during early starvation, the existing FAA's 

from the pool is utilized and as starvation p r o g r e s s e s t h e  

protein in muscle, haemolymph and hepatopancreas is progressi

vely hydrolysed. The liberated aminoacids enter the FAA pool 

and become available for energy production, the level of 

FAA in the pool being proportional to the amount of protein

hydrolysed.



Cholesterol is the most abundant sterol in animal 

tissues and occurs both free and corabined form. Lehninger# 

X1972) stated that biosynthesis of cholesterol in the liven 

of fish is depressed by dietary cholesterol as well as 

fasting. There is now evidence that cholesterol is used 

by crustaceans for their normal growth and survival, (Castell 

et al,# 1975), During the molt cycle, the cholesterol 

content in the eyestalk and hepatopancreas varied, but not 

in other tissues, (Kanazawa ^  # 1976), of Penaeus 

1aponicus. In starved Penaeus azetecus the cholesterol 

content of the blood and abdominal muscle did not alter 

on a wet weight basis. However there was a significant 

decrease in hepatopancreas after starvation of two weeks 

(Castell et al» # 1976).

In the present study however, significant decrease 

was also observed in haemolymph and muscle in addition 

to the hepatopancreas, though the rate of decrease in 

the Initial period of starvation was much lower. This

could probably be due to an extended period of starvation 

in the experiement. The results presented here demonstrate 

that even in invertebrates such as shrimp, dietary factors 

influence the cholesterol levels in tissues and that starva- 

tion mobilizes the levels of cholesterol, particularly in 

the hepatoparicreas«



In general# there is a decrease in Oxygen consumption 

following starvation (Barnes _ot • 1963 b). Wallace (1973) 

observed a 40% reduction in metabolic rate of starved C a r d ** 

nus maenas during the first week and another 20% at the end 

of the third week. In the shrimp Cranqon vulgaris, the active 

rate of oxygen consumption declines during starvation and 

steadily approaches the basal rate which is unaffected by 

starvation over one week. Surendreanath gt (1987) noted

significant decrement in total metabolism from 5 - 1 5  days 

starvation in Penaeus indicus> Similar trend was also obser

ved in Cranqon cranqon (Regnault# 1981)*

In the present study a 43% decrement in oxygen consumpt

ion was observed at the end of three weeks of starvation.

This decreased oxygen consumption rate would obviously be 

sufficient to oxidise lov/ amounts of organic stores utilized 

during starvation for their energy demands. A significant 

increario in moisture c:ont(»nt was ob5=ierved in starved prawn.

It rose from 75% to 81% in three weeks. A marked rise in 

water content was also noted in starved Penaeus japonlcus 

(from 72 to 8(^0 (Cuzon ^  al., 1980) and in Penaeus escul:^ 

entus (Barclay ^  al., 1968).

Thus it can be concluded that though lipid and carbo

hydrate contribute substantially towards production of energy.



Protein is the major source of energy used by Metapenaeus 

dobsoni during starvation* However direct comparison of 

these results with others in the literature are difficult 

to make because of the differing duration of starvation, 

partial tissue analysis of test animals and differing 

experimental temperatures.

Histological studies on starvation effects on prawns 

are very few* Papathanassiou and king (1984) reported 

fewer F-and B-cells in the hepatopancreas of Palaemon 

serratus starved for a week* Damage to the hepatopancreas 

is reported by various authors who studied other forms of 

stress and environmental pollutants. In the present study 

too heavy damage was observed in the hepatopancreas of 

starved prawn. Extensive vacuolation indicated depletion 

of reserves and accumulation of water. The disappearence 

of E- and R- cells indicated that the organ was rendered

non - functional/ doing neither secretion# nor storage.



S U M M A R Y

1* The present study was designed to observe the effect

of prolonged starvation on the biochemical constituents 

of muscle,hepatopancreas and haemolymph of the prawn 

Metapenaeus dobsoni , its metabolic rate and the as£o* 

d a t e d  histological changes in the hepatopancreas*

2. Biochemical parameters studied were Total Carbohydrates, 

Glycogen, Protein, Free amino acids. Lipids and Chole

sterol in all the tissues. Histological studies of the 

hepatopancreas of normal and starved prawns were made to 

observe changes at cellular level.

3. A significant reduction in the amount of Glycogen was 

observed in all tissues examined of starved prawns. It 

rose marginally after one week refeeding.

4. While the total carbohydrate level declined steadily 

in the muscle. It fell initially in the hepatopancreas 

and then rose gradually. In the haemolymph, the total 

carbohydrate level after an initial increase, decreased 

steadily.

5. Protein levels shpwed a sharp decline in all the tissues 

examined in starved prawns.



6. The level of free amino acids in the muscle decreased 

initially# then rose gradually. It returned to normal 

on refeeding. The same trend was observed in the blood 

also while in the hepatopancreas, it increased conti

nuously till refeeding, when it retured back to normal.

7. Lipid levels declined steadily in all the tissues 

examined in starved prawn. The fall was slow in the 

initial stages, and more steep after the first week.

8. Cholesterol levels decreased steadily in the muscle and 

haemolymph of starved prawns while it decreased initially 

in the hepatopancreas and then stablized to a constant 

level.

9. A steady decrease in the oxygen consumption rate was 

observed in starved prawns. It increased above normal 

when feeding wan resumed.

10. Moisture content increased substantially with increas

ing starvation. It returned to near normal levels within 

a week of refeeding.

11. Histo-logical studies made in the hepatopancreas revealed 

progressive utilization of stored materials, followed by 

the degeneration of secretory and storage cells. The 

architecture of the organ was completely damaged.
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of Alĝ -̂ -9- feeding on the tissue cholesterol 
levels in commercial shrimp - Penaeus azetecus. 
IVES .p roc. :i yrnp.c uastal. Aguaculturc, pp.215-2 22

LEHNIHGER. A.L. 1970. Biochemistry , Wortli Publishers Incor
porated. New York.

LOVE# R.M. 1970. The chemical biology of fishes.
Press, London and New York.

Academic

LOWRY, O.H., N.J. ROSENBROUGH, A.L, FARR and R,J. RAt^DALL.
1951. Protein measurement with the folin- 
phenol reagent, J. Biol. Chero., 193 x pp.
265 - 275.

HcCOID, V., R.MIGET, and G. FINNE. 1984. Effect of environ
mental salinity on the free amino acid compo
sition and concentration in penaeid shrimp.
J. Fd. Scl., 49 : pp* 327 - 330.

MAHLER, R.H. and H.E. CORDES. 1968. Basic Biological 
Chemistry. A Harper International Edition, 
pp. 52 7.

MARSDEN, I.D. . NEWELL and M. AHASAJ4ULLAH, 1973. Effect 
starvation on metabolism of shore crab - 
carcinus maenas. comp. Biochem. Physiol..
4 5(A) V“pp. 195 - 213.

of

MAYZAUD, P. 1976. Respiration and Nitrogen excretion of 
Zooplankton. IV. The influence of starvation 
on the metabolism and the biochemical compo
sition of some species. Mar. Biol., 37 s
pp. 4 7 - 58,

MOORTffY, C.V.N., V.K, MOORTIiY, G.V, REDDY, V,B. HARANATH,
REDDANNA,P. and S. GOVINDAPPA, 1980. Effect 
of starvation and refeeding on tissue proximate 
analysis of hepatic and muscular tissues of
Tilapja mossambica. Indian. J. Fish .̂  1_^ t
pp. 215 - 219.



NEEDilAM, A.E., 1957. Factors affecting Nitrogen - excretion
in C a r c i n l d e s a e n a s , (Pennant)• Physiol. 
Comparate et Q o c o l ^ : pp, 209 - 239.

NEILAND, K.A. and B.T. SCHEER# 1953. The influence of 
fasting and of sinus gland removal on body 
composition of Hemiqrapsus nudus. Physiol. 
Comparata et Qecol., 3 i pp. 321 - 326.

NEV/ELL, U.C. and 13.L. Bayne. 1973. A review on temperature
and metabolic acclimation in intertidal marine 
invertebrates. Meth. J. Sea Res., 7 t pp. 421 - 
433.

NIVAIj. p ., G. MALARA, R. CIIARRA, I. PALAZZOLI and S. NIVAL.
1974. Etude de la respiration et de 1' excretion 
de quelques copepodes planctioniques (Crustacea) 
dans la zone de remontee d*eau profonde des 
cotes marocaines. J. Exp. Mar. Biol. Ecol. ,
13. X pp. 231 - 260.

ODESSY, R. E. KIIAIRALLAII and A.L. GOLDBERG, 1974. Origin and 
possible significance of alanine production by 
skeletal muscle* J. Biol. Chem. 249 j pp. 7623 * 
7629.

PAPATIIANASSIOU, E.and P.E. KING. 1984 Effects of starvation
on the fine structure of the hepatopancreas in 
the common prawn Pajaemon serratus Penna 
comp. Biochem. Phys ii-ol. , 77 A s pp. 243 -
249.

PHILLIPS, A.M. and D.R. BROCKWAY, 1954. Effect of starvation, 
water temperature and sodium amytal on the 
metabolic rate in brook trout. Proqve. Fish. Cult.,
16 : pp. 6 5 - 68.

RAJAMANI,M.

RALF BASTl^OP,

1982 Biochemical studies on 'soft* prawns 1. 
Protein Nitrogen and Non-protein Nitrogen 
contents in P. indicus. Proc. Symp. Coastal 
Aquaculture., 1 ! pp. 3 49 - 3 53.

RUDIGER, SPANGENBERG & KARL JURSS. 1991 Bioche
mical adaptation of Juvenile carp (Cyp^ini^ 
carpio. L) to food deprivation. Comp. Biochem. 
Physiol. , 98A (l) i PP. 143 - 150.



REGNAULT, M . , 1981• Respiration and Ammonia excretion of
shrimp Cranqon cranqon  ̂ L * Metabolic response 
to prolonged starvation* J. Comp. Physiol.,
141 j 549 - 555,

Lj, / 1949. Le cycle des reserves oz'ganiques chez ies 
Crustaces Decapodes. Ann, inst. Qceanoq..
(Paris). pp. 259 - 357.

HOBERTo, J.L., 1957. Thermal acclimatisation of metabolism
in the crab Pachyqrapsus crassipes Randell. I. 
The influence of body starvation and
mou'tlng. Pliyslol. Zool. ̂ 30 i pp. 223 - 242.

SCHAFER, H.J., 1968. Storage materials utilized by starved
pink shrimp Penaeus duorarum. FAQ. Fish.Rep. ,
57 t pp. 393 - 403.

SCHOFt'ENlELS, E., 1976. Adaptation witli respect to salinity.
Blochem. Soc. Symp. 41 : pp. 179 - 204,

SCHRECK, C.B., 1981. Stress and Compensation in Teleostean
fishes t Response to Social and Physical factors. 
In I "Stress and Fish*'. Ed. PICKERING,A.D. 
Academic Press London. pp. 295 - 314.

SCHRECK, C.B., 1990. Physiological, Behavioral and Performance
indicators of strees. Bioloqical indicators
of stress in fish, Amer. Fish, Soc. Symp. 8 s
pp. 29 - 37,

SPECK, U., and K. URICH, 1969. Der Abbau Korperigener
Substanzen in dem Flusskrebs Qrconectes limosus 
wahrend des Hungerns. Z. Verql. Physiol. 63 s 
pp. 410 - 414.

STANIER, M.A. IVOODUOUSE and R.L. GRIFFIN, 1968. The
fine structure of hepatopancreas of Carclnus. 
maenas. 1». (Decapoda, Brachyura) . Crustaceana. ,

5 PP• 56 - 66.

STEEVKS, H.R. 1963. Effect of starvation on Glycogen and
Lipid Metabolism in the isopod Lirceus brachyurus 
(Harger) . J. Exp. Zool. 154 j pp*. 21 - 27

STEFFENS, W. , 1985. Grundlagen der Fishernahrung. VEB.
Gustav Fischer Vorlaq, Jena.



STIHPSON, J.H,, 1965, Comparative aspects of the control 
of Glycogen utilization in vertebrate liver, 
comp. Biochem. Physiol. 15 i pp. 187 - 197.

SURENDRANATH/ P.^ A. KASAIAH^ V. SHEKAR, K. SURENDRA BABU 
and K.V. UAMANA KAO. 1987* Starvation 
induced alterations in oxygen consumption

organic constituents of Penaeus indicus.
20 (3) : pp. 199 - 203.

and 
Mahasaoar.,

TESHIMA, S., and A. KAl-JAZAWA. 1971, Biosynthesis of sterols 
in the lobster Panulirus japonica, the Penaeus 
japonicus and the crab Portunus trituberculatus. 
Comp. Blochem Physiol., 38 B : pp. 597 - 602.

TORRES# C., 1973, Variations diu pool des acides amines libres 
diu muscle abdominal de Penaeus Kerathurus au 
cours du cvcle d*intermue. et au aoiirs dii

VOGT, G . , V.

UJ.U muscjLe Quaominaj. ae Jr'enaeus Kerathurus au 
cours du cycle d*intermue, et au cours du jeune. 
Comn. Biochem. Phvsiol.. B 45>. B : pp. 1 - 12.

STORCH^ E.T. UUINITIO and P.P. PASCVAL. 1985. 
Midgut gland as monitor organ for the mutri- 
tional value of diets in Penaeus monodon 
(Decapoda). Aquaculture, 48 t pp. 1 - 12.

VONK, H.J. 1960. Digestion and 
logy of crustacea. 
Academic Press New

Metabolism. 
1., Ed. T.H, 
York, pp

In: The Physio- 
WATERMAt^,

291 - 316.

WALLACE, J.C. 1973. Feeding, starvation and 
in shore ‘̂rab Carcinus maenas. 
pp. 277 - 281.

metabolic rate 
Mar. Biol. 20 :

V7EDEMEYER# G.A., and D,J. McLEAY, 1981 : Methods of determ
ining the tolerance of fishes to environmental 
stressorso **Stress and Fish”. Ed,
PICKERING, A.D. Academic Press London, pp.
247 - 260,

WHITNEY, J.O* 1969, Absence of sterol synthesis in larve 
of the mud crab Rhithropanopeus harisii, and 
of the spider crab Libinia emarqinata. Mar. 
Biol. , _3 : pp. 134 -r 135.

WIE3ER, W. 1965a. Electrophoretic studies on blood proteins 
in -in ecological series of isopod and amphipod 
species* J. Mar. Biol, Ass. U»K. 45 t pp,
507 - 52 3.



WIL»LIAK:i, A.J*, and P.L, LUTZ, 1975* Tlie role of the
haeinolymph in the carbohydrate metabolism 
of Carcinus Maenas, J. Mar* 31ol. Ass* U.K.,
^  : pp. 667 - 670,

YEMM, E.W. and E.C. COCKING^1955. The determination of
amino acids with ninhydrin. Analyst, 80 i 
pp. 209 - 213.

ZAi^DEhJ, D.I. 1967. Absence of Cholesterol synthesis as
contrasted with the presence of fatty acid 
synthesis in some arthropods. Comp. Biochem, 
Physiol. / 20 : pp. 811 - 82-2.

Not referred in original




