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PREFACE

Man in his quest to explore tooﬁ had tu;ncd towards the
oceans and during the last five decades, there has been phenc-
menal increase in the exploitation of the marine fisheries
resources, According to FAO statistics (1983), marine fish
landings of the World stagnated‘at about 73 aillion tonnes per
year during the last decade. It is gensrally believed that.
harvest of fisheries rescurces fram the oceans is either at
or ncar the maximum sustainable yield (Lawrence, 1981);
vwhereas the demand for marine fish and fishery products is

on the increase,

Crustaceans, as a group, contribute significantly to
the marine fish landings (sbout 13% of the total), with the
shrimps and prawns constituting bulk of the catch (about 87,3%),
The landings cf‘ahrimps and prawns had been increasing steadily
since 1960, In 1982, a production of 1,69 million tonnes was
recorded, which was about 71X higher than the production of 1,2
million tonnes recorded during 1972, During the last five years,
the Jorld production stayed at an average between 1,6 and 1,7
million tomnes,

Among the top 20 countries, produecing B3X% of “orld
catch of shrimps and prawns, India holds the premier place,
with a production of about 214, 980 tonnes during 1983 (:AC,

1983), lowever, prawn catches have remained steady during the
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years frdm 1974 to 1984, with production fluctuating between
164,2 and 250.3 thousand tonnes. This has generated consider
able concern among fisheries researchers, planners and develop-
ment personnel ,who have started loocking for new avenues to meet
the everwincreasing demand for prawns and prawn products,
Culture of prawns in coastal saline watér impoundments appears

to be a promising avenue.

he success of any aquaculture production system depends
upon the sum total interaction of all abiotic and biotic factors
which directly or indirectly influence production, These inter-
related parsneters have also marked influence on the success of
prawn culture operation, Many of the problems associated with
aquaculture production can be coped up through manipulation of
nutrientg in feed formulations, taking in view the cost of
production of feed and animal biomass per unit area,

In most of the cultivated species certain amount ofl_food
is obtained from the natural enviromment, yet, in high density
culture systems, supplementsry feeding becomes inevitable for
better farm production, This can be in the form of natural
diets or may be in the form bt compounded diets obtained from
different natural ingredient sources of both animal and plant
origin, Compounded diets alsc referred to as artificial diets
are either complete (containing all the required mutrients in
adecuata levels) or supplemental (meant to provide additional
energy rich ingredients) to animals receiving some natural food,

However, inspite of several years of research in this field,
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majority of the formulations proved rather unsatisfactory. when
campared to live or natural feeds for the production of
juveniles for stocking purposes, This is mainly due to
imbalance of essential nutrients in these empirically formulated
faeeds,

Thus, it is clear that knowledge of the nutritional
requirements of the cultured species is a prerequisite for the
formalation of practical feeds. However, the study of prawn
nutrition i{s complicated by maltivariate factors witﬁ imposing
dimcnliénl. Goodwin and Hanson (1975) consider 11 @ajor variar-les,
namely, stage of growth, species of shrimp, water quality and
temperature, feed stability (binding), presentation, percentage
and derivation of preotein, health of shrimps, effect of feeds
which rﬁfuz naturelly in the rearing enviromment and feeding
rates, I(which synergistically affect the overall production

rate of prawns,

The Indian white prawn, Pgnaeus lipndigus H, Miline Edwards
is one of the most suitable cultivated species, =xtensive
studics have been made in the past on the biology, fishery,
life-history and culture technigques of the species, However,
only very few studies have been carried cut on the mutritional
requirements of this species, though a mumber of studies hava
bean carried cut on the efficacy of a variety of campounded
feeds, Besides, the vitamin requirements of prawns in general

and penasid praswns in particular have been very poorly under-
stood,inspite of their importance in the metabolism,
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Therefore, nutritional studies were carried out in the
Juveniles of the Indian white prawn, P. ipdicus H. Milne Edwards
with the following objectives:

- to study the effect of different levele of proteins in
purified diets on the growth, feed efficiency and bo&y
cemposition and to determine the optimal protein recquire-

ments of jmenilol.‘

- to evaluate the nutritive value of cheaply available protein

rich ingredient sources (plant and animal origin) in diets,

« to study the deficiency symptoms associated with the
deletion of water=soluble vitamins (ascorbic acid, choline,
thiamine, pyridoxine, niacin, pantothenic acid, riboflavin
and inositol) from the diet,

- to study the dietary recuirements of important watersgluble
vitamins (ascorbic acid, choline, thiamine, pyridoxine,
niacin and pantothenic acid) using graded levels of the
teat vitemin in purified diets,

The thesis has been organised into nine chapters,
Chapter I deals with the protein requirement using purified
diet with casein as protein souree, Chapter‘II relates to the
nutritive value of chcaply available protein sources, which
can form alternative protein seurces for large-scale feed
prociuction for Ps indicug. Chapter III deals with the effects



of deletion of some of the water-soluble vitamins fram the diets.
Chapter IV %0 IX deals with the quantitative vitamin requirements
of the prawn for alcﬁrbie acid, choline, thiamine, pyridoxine,
niacin and pantothenic acid,

211 the experiments were carried out in the laboratory and
the following parameters were studied; survival, growth, specific
Food consumption, food conversion ratio, protein efficiency ratio
and body chemical composition, 1In addition to these, ammonia
excretion rates by prawns were recorded in few experiments,

Also, histological studies were carried out in prawns from
ascorbic acid and choline requirement experiments, to study
‘the effect of these vitamins on the cellular structures, All
the data obtained were statistically analysed and represented
in the graphs.

The present investigation shows that the juvenile prams
have a protein requirement between 35 and 40% in the diets,
Amongst the teated protein sources, both of plant and animal
origin, it appears that animal protein socurces, in general, and
a mixture of animal protein sources in particular have signifi-
cant effect on growth, !owever, plant protein sources like
soybean meal and groundmut oil-cake too can form alternative

protein sources in mixed diet formulations,

The vitamin requirement studies show that amongst

water-gsoluble vitamins-ascarbic acid, choline, thiamine,
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pyridoxine, niacin and pantothenic acid are indispensable, In
most of the studies, the survival and growth were affected
significantly when the prawns were fed without these vitamins,
Partial no'?.ting. changes in the cellular gtructures of musculature
and hepatopancreas, blackening of gills, and significant alter-
ations in behsviour and food intake are same of the major
deficiency symptoms recorded during the study. Sutracptimal
dos'age. raesulted in poor growth and survival, besides alterations
in dbiochemical composition of carcass, behaviour and efficiency
of utilization of food and protein, All these res:lts and
observations suggest that juvenile P. ipndicug require vitamins

in di=ts at optimal levels,

Thus, the present investigation in juveniles of P, jndicug
cleatly ocutlines the dietary requirement of protein and some of

the vitamins which significantly influence the growth and survival.
The recuunandcdidietary nutrient levels are ncar optimal levels
recquired by the species under similar experimental conditiocns.
However, the requirement for nutrients can be significantly
altered by a variety of andogenous and exogenous factars which
aﬁtoct-iﬁn:otnbolin of prawn and needs extensive further study.
However, the present stuly is the first attempt on the vitamin
requirements of the prawn P. jpdicyis amd the optimum levels
suggested would help formilate practical diets for large~ccale
culture of the species, theredy winimising wastage of nutrients,
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CHAPTER-I
PROTEIN REQUIREMENT




INTRODUCTION

The nutritional requirements of crustaceans have been
widely studied and reviewed, from time to time, by a number of
research workers (Kanasawa gt al., 1970; Subrahmanyam and
Oppenheimer, 1970; Cowey and Forster, 1971; Kigabay'uhi et al.,
1971 d; Deshimaru and Shigqueno, 1972y Hysmith et al., 1972;
Balazs et al., 19737 Forster and Beard, 1973 Shewbart et al.,
1973y Sick and Andrews, 19733 Deshimaru and Kuroki, 1974a,b,cy
1975a,bs Regnault gt al., 1975; Fenucci and Zein-Eldin, 1976;
Forster, 1976y New, 1976 Wickins, 1976; Hanson and Goodwin,
1977; Deshimaru and Yone, 1978; Conklin, 1980; Maguire, 1980},
These studies, in general, have shown that crustaceans have all
the dietary nutrient requirements usually associated with
complex metazoa (Dall and Moriarty, 1983), However, knowledge
of essential mutrient requirements of many species of
crustaceans still remains incomplete and many of the avenues

remain unscanned,

Nutritional studies in crustaceans, as such, is
comnlicated by a number of abiotic and biotic factors which
have tremendous influence on growth and utilizatio‘n of food,
2hiotic factors including temperature, pH, salinity, dissolved
oxygen, depth, ligkt and many others have been found to
Adirectly affect the growth and food utilization of crustaceans

Subrahmanyam, 1962; Teal, 1971 Buikema, 1972; Venkataramiah



et al., 1974y Delistraty et gl., 19777y Hu, 1978; Cameron and
Magnum, 1983 Vernberg, 1983),

Amongst bilotic factors, molting which forms an important
event in the life cycle has considerable influence on growth and
feed utilization of crustaceans, Wide variations in the bioche-
mical constituents of the body occur during the different phases
of the molting cycle and thus, the growth in these forms shows
discontinuity, It has also been established that each molting
in crustaceans results in considerable energy loss, about 7,3%/
molt in Mgéggggggg;gm_;ggggggggli (Nelson et gl., 1977b)
and potentially an average rate of 0,81%/day is lost, In the
case of juvenile prawns, it amounts to a large quantum of
energy, since at this stage a prawn molts every 8 to 10 days
(Stern, 1976) or even earlier, In Metapenaeus dobsoni, it has
been reported that the mean molt weight forms about 7,09% of
dry wt, of the whole prawn (Thomas gt al.,1984). Thus a
crustacean body must efficiently function so as to recoup the
lost nutrients, besides synthesizing and mobilising nutrients

essential for growth, before the onset of the next molt,

Carr et al, (1977) observed that the nitrogen retention
would be maximal in the young animals and tends to be zero in
the mature and noneproducing animals, Correspondingly, food
intake in younger stages is found to be high compared to the
adult stages in prawns (Sick et al., 1973; Colvin and Brand,
1977y Clifford and Bricks, 1978) and accordinc to Balazs and
Ross (1976) better food conversion efficiency by the young

stages results in high food intake.



The intake and utilization of feed not only depends
upon the ‘physioclogical state® of the organism, but also
depends upon its quality and quantity., ~Cualitatively, the
nutrients composition of the feed ingredients, their cochesive
ability on long storage, stability of nmutrients in the feed
when introduced in the water and the attractability of the
feeds are some of the factors which influence the growth
performance of the crustaceans (Meyers gt 8l., 19727 Meyers
and Zein-Eldin, 1972; New, 1976y Bdiddle, 1977; Hanson and

Goodwin, 1977; Fernandez gt al., 1981),

The quality of a feed, in general, is primarily based
on the energy nutrients, namely préteins. lipids and carbohy-
drates and non~energy nutrients comprising of minerals,
vitamins, growth factors and binders, Thus, for proper
physiological functioning and tissue synthesis, these nutrients
should be proportionately added in the diets,

Among the energy nutrients, protein is the most important
one,as it forms the major growth nutrient in animal tissues,
Protein molecule as such exists in different shapes and these
shapes directly reflect on the functional status of the
proteins, Giobular proteins are relatively soluble and readily
go into colloidal suspension, performs all the enzymatic
reactions and, transports nutrients and growth promoting
factors, On the other hand,fibrous proteins, primarily, form

the structural units because of their non=colloicdal property.



Besides these functions, proteins serve as a source of energy
under acute shortage of other dietary energy €cmponents.
Various authors, based on the dose-response (growth) curve,
have determined the minimal dietary protein level giving
maximal weight galn in different species of crustaceans
(Provasoli and D'Agostino, 1969 Xanasawa et 3l., 1970;

Andrews and Sick, 1972y Deshimaru and Kurokl, 1§75a: Colvin,
1976y New, 1976y Maguire, 1980y Veronica and Lim, 1983), Table
I shows the recommended optimum levels of protein for different
species and size groups of prawns. The Optimuh protein
requizrement for maximum growth varies from 22 to 60% in various
prawn species (Venkataramiah et al., 1975s Forster, 1976y

New, 1976), These variations can be attributed to both

intrinsic and extrinsic factors which effect the organisms.,

Protein recuirement considerably depends upon the
physiological state of the animal, DPuring early growth phase,
prawns require more of protein, about 60% in the case of
Crangon grangop of size group 19-2imm(Regnault and Luquet, 1974),
Regnault and Luquet (1974) reported that with every 3mm
increase in ;ength thgre was a 10% fall in nrotein requirement
as the stace increased, and by the adult stage the requirement
of protein was as low as 25«30%, The higher requirement of
protein in early stages was attributed to the faster growth
rate upto late juvenile stage and thereafter the growth becomes

more or less slower, though molting continues,



TABIE 114

PROTEIN RECGUIREMENT IN DIFFERENT SPECIES OF PRAWNS

Optimal level

Species Tteqe suggested (%) R”":”‘“
ml 35,0 Kanasawa ¢t al. (1970)
" 53,5 Kitabayashi gt al.{(19714)
“ 60.0 Deshimaru and Shigueno
(1972)

b 40.0 Balass ¢t al. (1973)

" 80,0 Deshimaru and Kurcki(1973a;

" 52,87 Deshimaru and Ycne (1978)
w Post-larva 30,0 XKhannappa (1978)

% . 55,0 Bages and Sloane (1981)

" Juvenile 45.8 Lee (1971)

" " 40.0 . Khannappa (19‘77)

" " 35,0 Lin gt al. (1981)

" " 40,0 Veronica and Lim (1983)
% 28 to 32 Andrews gt al. (19725
m 22 t0 30  Shewbart et al. (1973)

- 40,0 Venkataramiah et al,(1975)

" 36,5 Permicel and Zein-Eldin(1976

" 51.5 Zein-Eldin and Corllss(1976
m 28 to 30  Sick and Andrews (1973)

ContP@qqee



Optimal level

Species Btage suggested (%) Reference
35,0 Balass and Roess(1976)

" 15«20 S8ick (1976)

Penaeus

ipdicus Post-larva 40,0 Bhaskar and Ali (19234)
“ Juvenile 43,0 Colvin (1976)
. . 42,9 Ali (19820)

P .

ﬁ;ﬂm Juvenile 43045 Aquacop (1978)

" " 34-42 Sedgwick (1979)
%ﬂl Post=larva 50,0 Colvin and Brand(1977)
Fonassup
callforniensis 30-33 "

Penasus o i
veonaped 30-35

MFM Magquilre and Hume
magleayd 27 (1982)
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Variations in protein requirement of different species
of prawns have also been attributed to the biological value of
protein sources,which depends upon the amino acids composition
of the protein (Harper, 1981y Kies, 1981), Howaver, some
proteins are biologically unavailable for the animals due to
alterationa in the amino acids composition during processing by
combining with other compounds, thereby become resistant to
proteci ytic enzymes (Cowey and Sargent, 1972),

Protein recuirements are also influenced by the
composition of other dietary energy components, namely, fats
and carbohydrates, Protein=lipid ratio and proteinecarbohydrate
ratio in the diets also significantly influence the protein
requirements of prawns (Andrews et al., 1972y Sick and Andrews,
1973, Abdele-Rahman gt al., 19797 Teshima and Kanazawa, 1984),
Likewlise, protein requirement of crustaceans has been reported
to be influenced by the amount of organic salts (Sparks, 1971,
Deshimaru and Kuroki, 1974ay New, 1976y Maguire, 1980y Ponat
and Adelung, 1980) and composition of vitamin mixture (Adelung
and Ponat, 1977),

From the forsegoing review, it is clear that prawn
species show marked differences in their dietary protein
requirements and that protein requirement of a species is

significantly influenced by both intrinsic and extrinsic

factors, The present study was taken up on juveniles of Indian
white prawn P, jndicus, since very few studies have been

carried out reqarding its protein requirement, Earlier studies



on the protein requirement cof this species were by Colvin

(1976) and Ali (1982a) in juveniles and by Bhaskar and

Ali (1984) in post-larvae, The first two works were carriec

out using campounded ¢iets and therefore may not truly high-
light the protein-requircmont of the Species:because of the
interference of factors other than proteins. Therefore, the
present study was undertaken to detenmine the optimal renuirement
of protein for juvenile P.. indicus using purified diets and thus
minimizing the influence of interfering ccmponents om growth,

MATERIAL AND METHODS

Experiments were conmducted in the laboratory to study
the efficiency of different levels of dietary protein and to
determine the cptimum requirements of protain in the diets of .
juvenile B. indicus. Data on survival, growth, feed conversicn,
protein efficiency ratlo, and bcdy composition (moieture, ash,
protein, carb?hydrate, )ipid, RNA, DNA, calcium, ‘magnesium anc
phosphorus) ahd amnonia excretion rates were obtkined from

these experiments,

Experdmental Acyarias

Experiments were carried out using plastic tubs of
diameter, 54 an and heicht, 24 om, Farlier studies by Beirnhard
and Zattera (1970) have shown no harmfnl effect on the animals

so held. The tubs were arranged on vertical steel racks and



were randomly Qistributed., Each of the tubs was provided with
two rectangular aerator stones of 3 x 18 mm sigze, connected to
a set of aerators through.a plastic tube, The flow of air was
maintained uniformly throughout the experimental period, The
tukswere covered with mylon screen to prevent the escane of
animals. Aeration was suspended for 2'hour§ gvery morning,

while cleaning the tubs,

Seawater (salinity 32\-35%.') ‘coliqc~tud fram the open
sea Off Ccchin (depth 20-30 m), was transported tc the laboratory
in plastic jﬁxry cans, filtered thrice using bolting‘silk
(69 1) and pooled into 500 1 plastic pools, The salinity was
adjusted to 20 % 2,5%, by diluting with tap water, since
juvenile P._indjicus prefer lower salinities (Colvin, 1976s
Pau; Raj, 19767 Paul Raj and Sanjeeva Raj, 1980)., This water
was asrated for 3 to 4 days through a biological filter with
sun 4ri>d pand and oyster shells, Daily, the water was
irradiated foﬁ 2 hrs wi@h UV rays using 125 W UV lamp as the
bacterial load (Zobell and Feltham, 1938) was lowest in this
treatment, when subjected to UV raye for different time periods,

as shown in Table 2,

Experimental Animals:

Post-larvae of P, indicus belonging to the same broocde-

stock were obtained from Narakkal Prawn Culture Laboratory of



TABLE 23 IOG BACTERIAL COUNT IN SEAWATER IRRALIATED AT
DIFFERENT TIME PERICDS

Time Mean
(mins) Total Bacterial Number
0 | 19,95 x 10°
15 19,851 x 10°'
30 12,75 x 10'
45 10,85 x 10°
60 950 x 10
90 7.7% x 10°
120 7.2% x 10°
180 7.11 x 10’

After € hrs

of irradiation 9,98 x 10*




the Central i“arine Fisheries Research Institute, Cochin and
transported in polythene bags of 10 litre capacity, half-
filled with fresh filtered sea water (salinity-25 ppt) and
oxygen, Thcse poste=larvae were then introduced into 2 x 3 ft,
perspex glass tanks, equally distributing about 50 to 60
animals per tank, The animals were then sorted out into
different size groups, acclimated to laboratory conditions, and
reared for 15-20 days with a compounded pellet diet to obtain
the desired early juveniles (total length of about 20 mm) for

experimentation,

Juvenile prawns of mean total length 20 + 5 mm were
used for the experiments, The total length of apparently
healthy animals were measured to the nearest mm from the tip
of the rostrum to the telson, The animals were then blotted
dry carefully between the folds of filter paper (Bordner and
Cenklin, 1978), weighed on a Mettler electronic balance to the
nearest mg, and were immediately transferred intc the aquaria,
The prawns were allowed to starve for 24 hrs to recover from
handling stress prior to feeding, Before starting the
exxperiment, about 15 prawns were measured, weiched and left
for 4rying in an oven at 40°C for 48 hrs, The dried prawns
were reweighed and the initial dry weight of the prawns were

recorded,

Formulation snd Preparation of Experimental Foedss

Formulation and preparation of the feeds were done based

on earlier nutritional studies carried out in crustaceans



(Kanazawa et al., 1971, 1977a, by Deshimaru and Kuroki, 1974a,
b, ¢; Adelung and Ponat, 1977; Conklin gt gl.,, 1978; Ponat and
Adelung, 1980),

The ingredient composition of the formulated feeds, for
determining optimum protein levels for juvenile prawns, is
shown in Table 3, Casein has been widely used as a protein
source for experimental studies in nutrition as it is the only
protein source available in highly purified form (Halver, 1957:
Kanazawa gt gle, 1971, 1976), though it is deficient in some of
the amino acids (Halver, 1957 ; Ponat and Adelung, 1980), In
the present study to determine the protein recquirement of
juvenile P. indicus rurified lipid-free casein was used as the
major protein source. Gelatin and egg albumin were also used
as protein sources as they supplement some of the deficient
amino acids, Egg albumin in the feed is also reported to
serve as a feed attractant for juvenile prawns (Clifford and
Bricks, 1978), Gelatin, besideg being a protein, serves as a

binder for feeds (McLaren gt 3l.., 1947a),

The energy nutrients namely, proteins, 1lipids and
carbohydrates were adjusted in the diets to obtain approximately
a gross energy content of 4,2800 Kcals/g, The energy values for
proteins,lipids and carbohydrates were calculated based on their
gross calorific values of 5.65, 9.45 and 4,10 Kecals/qg,
respectively (Halver, 1957.),
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Test diets with graded levels of protein, ranging from
0 to 60%, were prepared by using casein as the principal protein
source, The ¢gross caloric content was adjusted to give
approximately isocaloric diets using sucrose and starch as
substitutes for protein, Carbohydrates were added both in the
form of monosaccharides (glucose), disaccharides (surrose) and
complex polysaccharides (starch), Polysaccharides have been
shown to be more efficiently utilized campared to simple sugars
(Forster and Cabbott, 1971 Andrews et al., 1972 Sick and
Andrews, 1973, Abdel-Rahman et al., 1979) and thus more

quantity of starch was included in the diets,

Lipics were added in the form of corn oil (rich in
linoleic acid) and cod liver oil (rich in polyunsaturated fatty
acids of w3l series) to provide the w6 and w3 fatty acids
which are essential for growth in prawns (Shewbart and Mies,
1973y Castell and Cowey, 1976y Colvin, 1976y Guary gt 8les
1976y Kanazawa gt al., 19778;by Bottino gt fl., 1980), Since
corn oil contains more of wé fatty acids, which is detrimental
to shrimps when in excess (Castell and Cowey, 1976), a mixture
of corn o1l and cod liver oil were used in the ratio of 1:2 and
a 1lipid level of 9% was maintained in the diets based on
earlier work (Hanson and Goodwin, 1977), Cholesterol was
added in the Aiets,since crustaceans are incapable of sterol
synthesis (Van Den Oord, 1964 Zandee, 1964y ‘hitney, 1970s
Kanasawa et al,, 1970y Deshimaru and Kuroki, 1974b), but
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cholesterol 1s essential as a precursor for synthesis of

steroid hormones, vitamin D and hypodermis pigmentation (New,
1976)s Thus, in the diet 0,5% of cholesterol was added based
on the recommendations of Kanazawa et al, (1970) for the prawn

Pensgus japonicus and Castell et al, (1975) for the lobster
Homarus gmericenus.

Though specific mine:al requirements have not been
worked out for shrimps, considerable importance has been laid
for CasP ratio (0,763 1 to 4:11) as reviewed by New (1976) and
Maguire (19680), In the present study, about 7.,4% of mineral
mixture was added@ (Table 3) in the diet, based on earlier
studies in crustaceans (Kanazawa gt al., 1970, 1976, 1977a, b;
Adelung and Ponat, 1977 Ponat and Adelung, 1980), Vitamins
were added in the diet as non-energy dietary nutrients based
on the amounts administered by various earlier workers
(Kenazawa ¢t ale., 1971, 1977ay Adelung and Fonat, 1977
Watmnabe gt al., 1977y Ponat and Adelung, 1980),

Table 3 shows the quantities of different fat and water-
souble vitamins used in the experimental diets, Agar, starch

and gelatin served as binders,

Finely ground, preweighed ingredients « casein, eqgqg
albumin, glucose, sucrose, mineral mixture, cholesterol,
additives and agar agar were mixed in a waring blender, Fat
soluble vitamins (A,D,E and K) were added into the mixture
of codliver oil and corn oil, All the water-soluble vitamins

were thoroughly ground and mixed using a mortar and pestle,
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Gelatin was dissolved in cold double distilled water (Halver,
1978y 1980) and boiled over a water bath, along with cellulose
and stgrch. After gelatinization. corn 0il and cod liver oil
containing fat soluble vitamins were added and the heating was
continued for another 10 mins, in the water-bath at slightly
lower temperature (70°C) and mixed thoroughly, To this mixture,
added the powdered protein-mineral-agar mixture, again mixed
thoroughly adding slowly double distilled water till the
required consistency of moist dough was obtained, The whole
mixture was then steamed at 115 lbs pressure for 5 minutes,

The steamed feed was allowed to cool to room temperature and
the water soluble vitamin mixture was added and mixed throughly,
The pH of the diet was ;djusted to 6.8 (Kanazawa et gl., 1977a)
using 0,1 N Nab and was stored in polyethyiene bags in a
freeger, The moisture content in the feed was adjusted to
about 30%, Fach time feed required for 15 days was prepared

s0 as to maintain the quality of the feed, Iach day before
feeding, the required amount of feed was thawed to room _
temperature and manually made into small balls, weighed and

fed to the prawns,

Feeding level apd Schedules

The juvenile prawns were fed with the experimental diets
at the rate of 10X (by dry weight) of the live body weight/day
as suggested by Subramanyam and Oppenheimer (1970), The
feeding was done twice a day, in the morning and in the evening,
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The amount of feed given was adjusted every 15 days of the

experiment based on changes in the body weicht,

Collection of Faecal Matter and Left-over Foods

The lefteover food and faecal matter were daily collected
from the acuaria by slow siphoning of the water through a narrow
plastic tube and collected at the other end on a bolting silk,
The fascal matter and left-over food, collected separately, were
washed in distilled water to remove the adhering salts, transfe-
rred to pre-weighed aluminium foils and kept for drying at 70°C
for 48 hrs, The dried samples were weighed and the dry weights
were recorded, The samples were stored in a desiccator for

subsequent analysis,

After 15 days of experiment, the animals were weighed
and the tanks were thoroughly washed with detergent, rinsed with
t;p water and reintroduced the animals in fresh dilute sea
water of 20 ppt salinity, The experiment was terminated on the
30th day and the length and weight of the animals were recorded,
The dried samples were powdered in a porcelain mortar and pestle
and biochemical composition studies were performed,

Monitoring of Physigo-Chemicg] Parameters in laters

Water tenperature was recorded twice a dey morning
(about 8 a,m,) and evening (about 6 p.,m,), usinc a greduated
mercury thermometer with an accuracy of 0,01°C, The dissolved
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oxygen content in water samples was determined employing the
Winkler’'s method (Strickland and Farsons, 1972y Spotte, 1979).

Sea water samples for ammonia estimation were collected
from the experimental tanks just before and after changing the
water and fixed with 4% phenol solution immeciately, astored in
refriqerato¥ and analysed within 2 hrs, of coligction'(spotte.
1979), The ammonia concentration was determined using phenol-
sodium hypochlorite method (Solor zano, 1969), Salinity of the
water in the experimental tanks was determincd thrice a week
using argentometric method (S%édkland and Parson$, 1972y Riley
et 3l., 1975), Standard sea water was obtained from IAPSO,
Institute Of Oceanographic Sciences, Surrey, England
(chlorinity, 19.37).

pH of the water samples from the experimental tanks was
determined thrice a week using Elico pH meter with an accuracy
of 0,01, All pH determinations were done at room temperatures,
During the experimental study, the prawns were maintained at
12L112D photopericd cycle. The mean temperature, salinity,
pH, dissolved oxygen and smmonia levels maintained during the
experiments are shown in Table 4, which were well within the
established tolerance limits of prawns (Wickins, 1973y Colvin,

1976y Delistraty gt al.., 1977).

Recopding of Datgs
Survival Rpgtes

Daily the population of prawns was recorded from each
of the experimental treatments and the mean number of surviving



TABLE 4: ENVIRONMENTAL PARAMETERS AND STOCKING SIZE OF
JUVENILE PRAWNS
Experiment I Experiment II
Parmater Meanvalues Meanvalues

Temperature (°*C) 27,71 & 1,94 27,63 + 2,27
Salinity (ppt) 20,9 + 2,8 21.23 T 2,59
pH 8,36 + 1,011 8,02 + 0.49
Armonia concentration
in the watex
( NH=N mg/1/d) 0.0352 + 0,0096 0.0236 + 0,0032
Initial length (mm) 16,95 & 1,122 20,06 4 0738
Initial weight (mg) 30.3 + 0,0145 44.95 + 2,193
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prawns per week was determined., The final vercent survival

was determined as follows,

Percent tial Pinsl |
Surviva?ge . a = ar X 100
Growth Rate:

.At the end of the expeiiment. the total length and
weight of prawns were measured',adoptinlg similar orocedures as
for initial measurement of these prawns, The prawns were
later killed by brief immersion in boiling water (Clifford and
Brick, 19563) and left for drying for 48 hrs at 40°C in an oven,
The drie.d samples were weighed and the -f&nal dry weight of the
prawns was recorded., The mean percent/tain in length and

weight were determined as follows:

Mean firnal — Mean initial
Mean percent sain _ length/weight length/velght X 100
in ‘length/weight Mean initial length/weight
s Food Consumption, Food Conversion Ratio and Protedn

Tfficlency Ratiot

The food consumption per body weight (wet weight) per

unit time (Bordner and Conklin, 1981) was calculated as follows:

Total initial Total £inal dry
dry weight of « weight of food
Spacific :
food con- = L1908 fed uneaten X 100

sumption (%) Number of animals Time in Mean
) surviving at the days of animal
end of the X experi= X wet
experiment mental welght
period (g)
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Food conversion ratio (FCR) was determined as followss

Total dry weight - Total dry weight of
Food convers of food fed left-cver food
sion ratio ® Final wet weight + Vet weight _ Initial wet
of prawns of dead weight of
prawns prawns

Protein efficiency ratioc was determined as followss

Final wet weight Initial wvet
Protein effici. of prawns __~ welght of prawns

ency ratio -
Total protein intake

All these parameters are apparent, since no correction
factor was introduced for the exuviae and dead prawns eaten by
the cohabitors during the experimental study,

Shemical Composjition of Feed gnd Carcaess:

Moisture content in the feeds and prawns was determined
gravimetrically by oven drying the samples at 100°C for feed
samples and at 40°C for prawns,till concurrent dry weights
were obtained, Percent moisture in the smmples was calculated

as follows:

Wet weight of - Dry weight of

Percent moisture = the sample the sample X 100
Wet weight of the sample

Weilghed dried samples of feed and prawn were ashed in
silica crucibles at 550°C for 6 hrs in a muffle furnace and
the percent ash was determined as follows:

Waight of the ash X 100
Weight of the dried sample taken

Percent ash =
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To determine the crude protein content, weigred samples
of feed were digested in tubes with a catalyst mixture
(K,50,3 CuSO s 5eC,1181111) and concentrated sulphurie acid
(Spe gre 1.94) for 3 hrs at 120°C, The total nitrogen content
of the digested samples was determined using Kjaldahl method
(A0AC, 197%), Crude protain content in the feeds was determined

by using the conversion factor of 6.25 per unit of nitrogen,

To determine the protein content in prawns, known.
quantity of dry samples of prawns were homogenrnized in chlorcfors
methanol mixture and the supernatant was collectedy To the
residue sdded cold 1%% TCA, homogenized and kept for 3 hrs in
cold chamber (4°C) for complete extraction of csarbohydrates,
The samples was centrifuged at 1200 rrm for 10 mins and the
supernatant weas collected, Then washed the sample with colad
5% 1Ch, centrifuged and the collected supernatant was mixed
with the first lot and kept for carbohydrate determination,
the residue added 1IN NeOH, homogenized snd left overnight at
37¢°C for compicte-tissue protein dissolution, Tissue protein
was determined using Biuret method (Gornall et al., 1949) and
the optical density was recorded on ECII.UV spectrcphotometer
at 83C nm, The protein content in the samrle was determined

albumin

from standard graph using Bovins |erumAas standard asnd the

pfotein content was sxpressed on percent dry weiaht,

Lipid content in feecds was determined using ‘oxhlet
extraction method (ACAC, 1870) using petroleu@@ther
{60=80"C) as solvent, Lipid extraction was ocarried out
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for 16 hrs, and the total 1lipid in feed was Getermined
gravimetrically, Tissue lipid content was determined using
Bligh and Dyer (1959) method of chloroform-methanolewater
mixture, (212:1) modified by Ando et 3al.,(1977), Weighed,
dried samples of whole prawn were hamogenized for five
minutes with a mixture of choloroform-methanol(1:2), The
samples were then kept overnight at 4°C in dark for the
complete extraction of total lipids, The extracted lipids in
the chloroformemethanol mixture layer was centrifuged at 800
rpa for 10 mins in cold and the supernatant was colleeted,

To the residue added chloroform again, centrifuged for 5
minutes and the supernatant was collected, To the supernatant,
added double distilled water and the final soluticn had
chloroformsmethanolswater in  the ratio 212311, The mixture
was thoroughly shaken and allowed to settle, Pipetted out the
layer of waterimethanol and dried the chloroform=lipid layer
in a desiccator with concentrated sulphuric acid as desiccant
and the total 1lipid was estimated gravimetrically,

Tissue carbohydrate was determined fram the TCA
supernatant extract using modified phenol-sglphuric acid method
(Dubois gt al., 1956), The optical density (D) was recorded

on ECIL.UV spectrophotcmeter at 490 nm,

Calcium in the whole prawn was determined by the
modified method of Clark and Collip (192%5), To the weighed
dry samples of prawn about 4% ammonium oxalate was added,
mixed thoroughly and allowed it to stand for overnight, The
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mixture was centrifuged at 1500 rpm and the supernatant was
collected for magnesium determination, The precipitate was
washed, centrifuged and washed three times with 2% ammonia
solution, ToO the washed precipitate, added concentrated
sulphuric acid (Sp.gr, 1.,84) and mixed well, The tube was
transfered to a boiling water bath for i=-2 minutes and titrated
against 0,01X potassium permanganate to a definite pink color
which persists for about a minute; ‘The percent calcium deter-
mined in prawns was expresgsed in percent dry weicht basis and
was calculated as

éVOIumo of 0,01N = Blank% x 0,2 x 100
KMhO4 required .

Weight of dried sampls taken

Calcium (%) -

where, 0,2 mg of calcium = 1 ml of 0,01N KMnO4

The supernatant collected was used for determination of
magnesium employing the modified method of Rriggs(1922)., Known
volume of supernatant was mixed with 5X ammonium phosphate
solution and concentrated NH4OH. The mixture was left cverniqht‘
for complete precipitationy centrifuged at 1300 rpm and the
supernatant was discarded, The precipitate was washed firsf
with 33% smmonium hydroxide solution, two to three times
centrifuged and sipnoned off the solution and finally washed
with alcoholic ammonia solution and decanted the same, Ammonia
was completely evaporated frem the sample by placing the tube
in hot air oven at 50-60°C for 1 hour, The precipitate was
dissolved with molybdate solution and to this added amino-
naphtholsulphonic acid, allowed to stand for 5 minutes, and

the optical density (OD) was measured in a ECIL spectrophotometer
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at 680 mm, The magnesium content was expressed as percent dry

matter and¢ calculated as follows,

Magnesium (%) = % x _T_.Q-.Qg_g.lg_
, stan Weight of dried sample

Total phosphorus was estimated by the method of Lowry
et als (1954) using phoschamolybdate and ascorbic acid, Weighed
samploes were added to the ashing mixture containing 70% HC104
and 20@?2804. ‘Hented the mixture in an oven at 95°C for 2 hrs,
followed by heating at 163°C for another 2 hrs, The mixture was
cooled to room temperature and added the mixture of ammonium
molybdate and ascorbic acid. Immediately mixed thoroughly and
vlaced the tubes at 37°C for 2 hrs, After cooling, the optical
density was recorded in a ECIL-UV spectrophotometer at 820 nm,
The phosphorus was expressed on peréent dry weight basis and

calcuiated as follows,

o 0D of 8 (] cen n of standard
Phosphorus (#) =  Foigtaniard X Welghe shsemple X 10

The weighed samples (10 ﬁg dry weight) were individually
homogenizad in 4 ml ice-cold distilled water with a tissue
grinders The RNA was extracted by the Halliburton and Thompson
(1965) method and measured at 260 nm on a ECIL-UV spectrophoto=
meter, RNA obtained from Sigma Chemical Company was used to
prepare the NA standard curve, The DNA content of the sample
was determined by the indole method (Ceriotti, 1952y 1955),
Highly polymerised calf thymus DNA (Type I, Sicma Chemical Co,)
was used to prepare the DNA gtandard curve, The detailed
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procedures are illustrated in Table 5,

Ammonis Excretion Rates:

Ammonia excretion rates in prawns were studied individually
using 3 1 conical flask containing 2,11 of fresh diluted irradiated
seawater (20 ppt), Each of the conical flasks was provided with an
aerator stone (3 x 15 mm size) connected with a vlastic tube to the
aerator, An additional tube was provided with a stop pinch cork at
one end, for collection of water sample, The whole apparatus was
plugged with rubber cork and the mouth was covered with aluminium
foil with a provision for the two plastic tubes to enter into the
conical flasks,

Prior to the introduction of the animals, the sea watet
was aerated, The volume of sea water taken for the experimental
study in each of the conical flask was so adjusted that at the
end of 24 hrs, the flask had about 1,5 1 of seawater, The
temperature, pH, salinity and dissolved oxygen were recorded at
the start and end of the experiment., The photoperiod was
maintained at 12Ls312D and no artificial light was provided
other than natural day-light during light period,

Intermolt prawns fed for 30 days on different diets
vwere selected in triplicate from each of thé treatment for
experimental study, Animals selected for the experimental study
were almost of the same size and weight, Prior to the introdu-
ction 4in the experimental flasks, the prawns were fed with
respective protein level purified diets, After two hours of



TABLE 51 ANALYTICAL PROCEDURE FOR MEASUKEMENT OF RNA AND DNA (FLOw CHART)

Prawn sample

Homogenized in 5 ml, ice-cold distilled water for
4 mins,

Homogenate 42,5 ml cold 0,6N PCA, Allowed it to
stand for 10 mins, 1

Centri, at 10,00 rpm, 4°C, 15 mins,
1—— Super. Adiscarded

rot.
Washed twice with 5 ml, of 0Oy2 R PCA

Centri, 10,000 rpm, 4°C, 5 mins

l—— Super, discarded
PP

t
Added 4 ml 0,3 N KCH

and cooled it in ice bath (15 mins)
Centri, 10,000 rpm, 4°C, 15 mins

ta.,,,. 1.

prt

lincubated at 37°C for 2 hrs

Washed twice with S ml cold 0,2 R PCA

Super, 2, added to 1 and read
at 260 mm for RNA

PPt
Dissolved in 5 ml, 0,3 N KOH
ltncubated overnight at 37°C

Diluted to 15 ml with distilled water,

l

0.5 ml diluted sample, added 0,5 ml
Indole and HCl reagent

Shoox, heated in water
bath for 10 mins, cooled

Extracted thrice in 1 ml, amyl acetate
or C!'l(.‘ll.3

Centri, 1000xrpm

Upper layer of Nlly',-
acetate or (J-IC13 discarded

Aquecus layer

Read at 490 mm for DNA

ppt =~ precipitate; Buper, = supernatant,
PCA « Perchloric acid; Centri, = centrifuge,



22

feeding, the prawns were transferred into the individual conical

flasks., A control was kept without any prawns,

After introduction, water sample was taken for determi-
nation of ammonia concentration, Water samples were collected
every four hours from each of the flask and quickly analysed for
ammonia, The experiment was carried out for 24 hrs, Amonia
concentration in water was analysed by the method of Solorzano
(1969), The ammonia concentration excreted by the prawns was

expressed as NH, <N mg/ day/g prawn,

Statisticel Analvsis of the Dates

The data obtained on various parameters from the
experiment were statistically analysed, Analysis of variance
(ANOVA) was carried out to test the difference between the
treatments, Least significant difference (LSC”) method was
followed to compare the means of the treatments (Snedecor and

Cochran, 1973),

RESULTSS AND OBSERVATIONS

Two sets of experiments were conducted to study the
effect of different levels of dietary protein on growth, feed
efficiency and body composition and to determine the optimum

dietary protein recuirement of the juveniles of the Indian

white prawn, P, M
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EXPERIMENT - I

In this experiment, protein levels ranging from 0 to 60%,
with an interval of 10X were used for compounding purified diets,
The diets vere fed to the prawns for a period of 30 days and the

results of the experiment are presented here,

Survivals

Dgta on percent survival recorded from different treatment
groups are shown in Fig, 1, Although, the protein content in the
diet, had spparent effect on the percent survival, analysis of
variance of the data did not show any significant influence of
dietary protein level on the survival of prawns, However, the
percent suvrvival of prawns increased with protein content in the
diet upto 40X and thereafter it showed a gradual decline, The
maximum survival (73,3%) was recorded at 40% protein level
in the diet and the minimum (26,7%) in the protein-free diet,

In all other treatments, the percent survival ranged between
51.1 and 66,7%, While an abrupt decline in survival rate of
prawns was observed during the second week in the protein-free
dietary treatment (0%)s; not much variation in the survival rate
was observed in the other treatment groups, However, a steady
decrease in the survival rate of prawns was observed from the
fourth week onwards in treatment groups of prawns fed diets

with protein levels ranging from 10 to 30%,



Fig. 1, ‘ieekly percent survival of prawns fed with
different levels of protein in the diets(0-60%)
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Crowths

on
Growth of prawns fed, the protein-free diet (0% protein

level) showed marked difference with that of other treatments,
Data on mean percent gain in length (37%), wet weight (200%)
and dry weight (138%), shown in Fig, 2, indicate that poor
qrowth has ogcurred in prawns fedilbo protein-free diet. and
the growth achieved can mainly be attributed to the cannibalism
by the cohabiting species on the post-molted and dead prawns,

before they were removed fram the aquaria,

Fige 2 shows the mean pefcent gain in length of prawns
fed diets differing in the percent protein, Results’of
analysis of variance showed that the protein levels in the diets
have significant ( P£0,05) effect on the mean percent gain in
length of prawns, The percent gain in length of prawns increased
with increasing protein levels in the diet fram 10% upto 30% and
showed a gradual decline, thereafter, with further increase in
protein ievel of the diet. The maximum mean percent gain in
length was observed at 30% protein level (74%) and the minimum
at 10% protein level (35%). There were no significant differences
between the mean percent gain in length of prawns fed diet with
30, 40 and 50% protein,

The diets containing various protein levels also had
highly significant (P { 0,01) effect on the mean percent gains

in wet woight and dry weight of prawns, The mean percent wet



Fige, 2. Percent gain in length and weight, and total
bianass (g) of prawnas fed with different
levels of protein in the Adiets (0-60%),
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weicht and dry weight increased with increasing protein levels

in the diet, However, the increase was observed upto 40% protein
in the diet and thereafter a gradual decline was observed as the
protein level in the diet increaséd to 60%, The maximum percent
wet weight gain (597%) and dry weight gain (521%) were recorded
at 40% protein level and the minimum at 10% protein level (wet
weight gain 190X and 213% dry weight gain), There was pronounced
increase in the percent gains in wet weight and dry weight of
prawns fed diets from 20X protein level upto 40% protein in the
diet, indicating the significant influence of protein in the
diet on the prawﬂh growth,

Specific Food Consumption (SFC):

Highly significant (P< 0,01) differences were observed
among the svecific fecod consumption of prawns fed diets containing
different levels of protein, Very high value of SFC (33,7%) was
obtained in the case of prawvns fed on the protein-free diet
(Fige 3), Detween 10X and 60% protein level in the diet, the
highest SFC was observed at 10% and 20X protein levels (11,7%
and 11,5%, respectively) and the lowest was recorded at 40%
protein level (4,3%)e In all other treatment groups SFC

ranged between 5,5 and 7,3%,

Food Cgavgrggon Ratio ‘FCR):

Food conversion ratios obtained from the experiment are
shown in Fige. 3. Highly significant (P<£ 0,01) differences were
observed in the FCRs cbtained by feeding different protein



Fig. 3. SFC, PCR and PER for different levels of

protein in the diets (0-60%).



FEED CONVERSION PROTEIN EFFICIENCY
RATIO RATIO

CONSUMPTION

SPECIFIC FOOD (%)

FIG. 3

o

OV I o
© 0 9

| | { |
o' 10! 20" 30 40 50' 60

PROTEIN (% IN DRY DIET)




26

concentrations in the diet, ‘Thile the maximum FCR was obtained
with 10X protein level (4,2), the minimum was obtained with 30%
protein level (0,96), In other treatments (20, 40, 50 and 80%),

the FCR values ranged between 1,35 and 3,4,

Protein Efficiency Ratio (PER)s

Analysis of the data showed that the protein levels in
the diets, significantly (P<0,01) influence the protein
efficiency ratio (Fig. 3). The maximum PER was recorded at 30%
protein level (3,7) and the minimum at 60% protein level (1,.1),
There were no significant differences among PLR obtained from
treatments with protein levels between 40 and 60%, The PER in

other treatments ranged between 1,3 and 2.4,
Biochemjical Compositions

The moisture, ash, protein, lipid and carbonydrate
contents of prawns were also found significantly (P< 0,01)
affected by the lsvel of protein in the diet, It was observed
(Fig. 4) that as the protein level in the diet increased,the
moisture content of prawns declined upto 40% protein level and
thereafter the moisture content increased with further increase
in protein concentration in the diet, The prawns fed diets

containing 10% and 20% protein had significantly higher moisture

content than most other groupse.

The prawns fed diets containing 40% protein had
significantly (P< 0.05) less ash (10,3%) and more protein (66,9%)



Pige 4 . Bilochemical composition of prawns fed with
different levels of protein in the diets
(0=€0%).
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than prawns from other treatments. The highest ash content

was recorded at 60% protein level in the diet (21,2%),

Although, the minimum protein content was recorded in
prawns fed with the 20% protein diet (58,9%), it was not
significantly different from the protein content of prawns
fed diet ;i§h 10% protein (%9,9%), Similarly, there were no
significant-dlfferences between the protein contents of prawns
from treatments with 30, 50 and 60% protein levels in the diet,

The 1ipid content was significantly higher in prawns
fed with 10% pro%ein diet (18,5%), Similarly, lipid contents
in prawns fed diets containing 50 and 60% protein (10,4%) were
significantly less than the lipid content of prawns fram other
treatments, which varied between 11,2 and 17,3%. There was a
steady decline in the total 1lipid content of prawns with the
increasing protein level in the diets, however, there was a
slight increase in the lipid content of prawns fed with 40%
protein diet which can be correlated with the low moisture
content of prawns recorded at this treatment, An inverse
relationship between total 1lipid and moisture content of the

prawns was observed,

Maximum significant (P< 0,05) differences in carhohydrate
content were observed between 10% and 20% protein levels, The
maximum carbohydrate content of prawns was recorded at 10%
protein level (3,4%) and minimum at 40% protein level (2,4%),

In all other treatments, the carbochydrate content of pravnms

varied between 2,5 and 2,9%, There were no significant
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differences among the carbohydrafe content of prawns fed diets
oontaining protein levels ranging from 30 to 60%, However, a
declining trend in carbohydrate content of prawns was observed
with the increase in dietary protein level upto 40X and there-
after a gradual rise in carbohydrate content occurred as the
concentration of protein in the diet increased,

The moisture, ash, protein, 1lipid and carbohydrate
contents of prawns fed ;he protein-free diet showed significant
(P<0,08) differences with that of prawns fed on other diets,

There was high incidence of mortality and cannibalism in
fhis group, which significantly (P<0,05) influenced the
composition, It is felt that camparison of the result with
that of other treatments may not provide any meaningful
conclusions, Despite this, the moisture (79,5%), ash (19,4%),
carbohydrate (3,5%) and lipid (23,3%) contents were observed to
be high in these groups of prawns with comparatively very low

protein content(51%).

The RNA content of prawns (Fig, 5) was also significantly
(P<0,05) affected by the protein levels in cdiets, The prawns
fed the protein-free diet and those fed with 10 and 20% protein

levels in the diets had significantly (P 0,05) less RNA than
AN
those fedi§iets with higher protein concentrations, While the

-

-

maximum INA content was recorded in prawns fed diets with 40%

and $0% protein contents (2.19/ug/hg). the minimumm was found in

ohiRe
prawns fed protein-free diet (1.13/ug/mq). In prawne from all



Fig. 5. Biochomical composition of prawns fed with diff-

erent levels of protein in the Giets (0=60%)
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other treatments, the RNA content varied between 1,39 and 1,96
mg/mg, Howewer, with increasing protein levels {n the diet of
prawns, the RNA content increased upto 50X protein level; and

further increase in the protein eontent of the diet resulted in

decrease of the RNA content,

The DHA content of prawns (Fig, 5) showed a similar
trend as that of RNA content; increasing with the protein concen-
tration in the dfet of prawns, However, the DNA content did not
show any decline beyond 30X level, as observed for RNA, but showed
increase upto 60% level, It was also observed that the DNA
content of prawns fed the protein-free diet was significantly
(P<0,05) less than that of prawns fed diets with different
levels of protein, The highest DNA content was recorded in
prawns fed on the diet: with 60% protein level (2,13 mg/mg)
and the lowest in prawns fed the protein free-diet (1.31)ug/hg).

In all other treatment qijoups. the DNA content ranged between

1.5 and 2,05)§g/hg.

Sionifiicant (P < 0,05) variations were also observed in
|the dry weight/total RNA ratio in prawns (Fig, 5) fed dlets
gcontaining different levels of protein, However, prawns fed
the protein free diet and those fed diets with 10% protein had
significantly (P < 0,05) higher ratios compared to prawns from
other treatments, The dry weight/RNA ratio showed a decreasing
trend with increasing protein content of the diet upto 50%, and

thereafter a slight increase was observed at 80% protein diet.
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Similarly, the dry weiqght/total DNA ratio (Fig., 5) decreased
with increase in protein content of the Aiet of prawns and the
highest wa® recorded in prawns fed oﬁ?ﬁfotein—free diet (0,79)
and lowesat in prawns fed with 60X protein (0.47)\1n the diet,
For all other treatment groups, the ratio ranged between 0,44
and 0,67, The ratio was significantly (P 0,05) higher for
prawns fed the proteinefree diet as well as those fed with 10%

protein level that for other treatments,

The RNA/DNA ratio increased with the protein concentration
in the diet upto 40X and thereafter it showed a decline, Though
the RNA/DNA ratio was significantly (P< 0,05) influenced by the
protein level in the diets, only prawns fed diets with 30 and 40
protein levels had significantly higher RNA/UNA ratios, then

prawns fron other treatments,

The dietary protein concentrations also had highly
significant (P< 0,01) effect on the calcium content (Fig. S)
of prawns, The prawns fed on the protein-free diet had
significantly (P< 0,03) lower calcium content (1,87%) than that
of prawns from other dietary protein treatments, The highest
calcium content was recorded in prawns fed 40% protein diet
(3,13%X) followed by those fed 50% protein in the diet (3,05%),

The magnesium and phosphorus contents (Fig, 5) of prawns
were not significantly affected by the levels of protein in the
diet, While the magnesium content ranged from 0,44 to 0,55%,
the phosphorus content varied between 0,95 and 1,02% in prawns

from various dietary treatments,
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Apmopja Congentration in Water:

The ammonia. concentration in water was significantly
(P<0,05) influenced by the dietary protein levels (Fig, 6).
With increasing protein level in the diet,the prawns showed

an increasing trend in ammonia concentration in water, The
highest ammcnia concentration in water was recorded at 60%

protein (C,47 mg/l) and lowest in prawns fed on the protein
‘ree diet (0,43 mg/l), However prawns fed between 20% and‘
40% protein in the diet showed almost the same ammonia

concentrazicn in the water,

Ammonia ::crctiop Rates:

The ammonia excretion rates showed significant
(P < 0,05) influence of dietary levels of protein (Fig, 6)
with increasing concentration of protein in the diet, the
prawns excrcted higher concentration of ammonia, The higheét
ammonia excretion rate was recorcded in prawns fed on 60%
protein (0,28 mg/g prawn/d) and lowest in prawns fed on
protein frce diet (0.19 mg/g prawn/day). >Prawns fed on 30%
and 40% protein 443 not show much variation in ammonia

lexcretion rates.



Fig, 6, ammonlia concentration in seawvater and ammonia
excretion rate in prawns fed on different levels

of protein in the diets (0=60%)
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Meyxings

bservations made on the basis of exuviae collected

(Table 6), indicate that mélting in prawns is affected by the
protein levels. in the diet, Greater numbezw ot exuviase were
collected from treatpents with 30%, 40% and 507 protein levels
(32 nos) canpared ::\; that of other treatments, The number of
exuviase recorded were not absolute figures since, molting occurs
during night and the exuviae at times were eaten by cchabiting
prawns. Pbat—m\glt deaths were relatively more in the treatment
%ed protein-freei" diet, after 18 days from start of experiment,
suggesting that post-molt deaths nccur due to the deficiency of
dietary protein in the diet, Similar, observations were also
made in the case of prawn groups fed diets containing 10X and
20% protein after the third week, indicating inadequacy of the

protein in the diet for normal physioclogical processes.

Eood Intakes

Food intake in prawns was not affected during the first
two weeks in all the treatment cgroups, However, from the gecond
week onwards, food intake was reduced in the prawns fed on the
protein free diet, From the end of the third week, food intake
vas greatly reduced and the prawns responded passively when the

feed was introduced in thie aquaria, There was not much variation



TABLE 6As OBSERVATIONS IN PRAWNS FED WITH DIFFERENT
EXPERIMENTAL DIETS

Protein in Mean nos, Mean nos. of Texture of
the diet of molts postemolt the body
recovered deaths

0 19 25 S0

10 21 16 20

20 25 16 Te)

30 31 8 H

40 32 8 H

50 32 13 SO

€0 31 16 SO

H « Hard, SC = soft
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in the foocd intake of prawns from various treatments, though

minor variations were observed during molting,

Behaviour Towards Lights

When table lamp light (1625 x 10% lux) was shown, prawns
from the various Aietary treatmenés. resp-nded. differently,
Nbrmally‘prawns preferred low intensity lights and evaded grightly
lighted regions, During the first two weeks, no striking differ-
ences in response to photostimuli occurred in prawns from various
treatments; but in subsequent weeks at:ox, 10% and 60% protein
levels, lancuid response of prawns was. observed, However, in
other treatments, the response was spontaneous and the prawns

moved away to shaded regions in the experimental tarks,

External Morphologys

The prawns subjected to different levels of protein in
the diet,showed distinct variability in their activity, While
the prawns fed diets with 0%, 10% and 60% protein levels showed
hvooactivity, those fed diets containing 20%, 30% and 40%
protein in the diet showed normal activity and prawns fed with
$0% protein in the diet showed hyper-activity., The hepato-
éancreas of prawns fed with diets contﬁining'lO%._ZO% and 50%
protein levels showed diffused,appearance and brownish color,
However, in all other treatments, the hepatopancreas of prawns
appeared campact, brownish in color underlined by a whitish
mass, NoO other significant charges in the mornhology was

observed in the different treatment groups.
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EXPERIMENT II

The second experiment was conducted based on the results
of the first experiment in which the diet containing a protein
level of 40% produced maximum growth, In this experiment,protein
levels ranging from 32,5 to 47,.,5%, with an interval of 2.5%, were
selected with & view to determining near optimum levels of
protein, which produce maximum growth,

Surviyals

The survival rate of prawns (Fig, 7) showed an increasing
trend upto 37,5% protein level in the diet, and thereafter showed
a decreasing trend as the concentration of protein in the diet
increased further, Analysis of variance performed on the survival
rate data failed to give any significaat differemces between
treatments, Whho. the highest percent survival (70%) was
recorded in groups of prawns fed diet with 37,5 protein level,
the lowest (52%) was recorded in the prawn groups fed diet with
32,5% protein level, 1In all other treatments, the percent
survival varied from 55,5% to 67,5%, There was also no
eignificant treatment to treatment difference in the weekly

survival of prawns,

Growths

Significant (P < 0,05) differences in the mean percent

gain in length of prawns were observed (Fig, 8) between the



Fig, 7. Weekly percent survival of prawns fed with
different levels of protein (32,.5-47.5%) in
the dietso
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treatments, The mean percent gain in length of prawns incroased
with the protein level in the diet upto 40% and thereafter
declined sharply with further increase in the dietary protein
level, The maximum mean percent cain in length was recorded

in the prawns fed with diet containing 40% protein (80%);
whereas the minimum was recorded at 45% protein (61%) in the
diet, The mean percent gain in length of prawns recorded in

diets with 35 and 37,5% protein level were almost equal (72%),

The mean percent gains in wet weight and dry weight of
prawns recorded from the various treatments are shown in Fig, 8.
The protein levels in diets had highly significant (P< 0,01)
influence on the mean'pefcent-qaiﬁl in wet weight and dry weight
of prawns., The mean percent gain in int welidht increased with
the protein level in the diet upto 37,5% and thereafter it
declined as the protein level in th- diets increased to 42,5%
and beyond this protein level, it remained more or less steady,
The mean percent gain in wet weight obtained at 35X protein
level (480%) and 40% protein level (445%) were not sionificantly
different from the maximum recorded at 37,5% protein level
(494%),

The nmaxinum mean dry veight gain of prawns was recorded
at 40% protein level (405%) and minimum at 47,.5% (251%X) protein
level and these results are different from that observed for
mean percent wet weight gains, The mean dry weightﬁzg prawns
also increased with the protein level in the diet upto 40% and

thereafter a steady decline was cbserved with further increase



Fig, 8, Percent gain in length and weight, and total
biomass (g) of prawns fed with different levels
of protein (32,5~47,5%) in the diets.
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in protein level in the diet, There was no sicnificant
difference between 37,5 and 40% protein,in the percent gain
in dry weight,

Specific Food Consumption (SFC):

bata on specific food consumption recorded from the
treatments are shown in Fig, 9. Significant (P< 0,05) differences
were observed in between the specific food consumption of prawns
fed on diets with different protein levels, The SFC was highest
in 42,5% protein level (7,26%) and lowest in 37,5% protein level
(3.68%X), However, the SFC recorded at 35% protein level (3,71%)
was slightly higher than that recorded at 37.5% protein level,
In all other treatments the SFC ranged between 4,8 and 6,2%,

Egod conversiop Ratio (ECR):

Food conversicn ratios obtained from the different
treatments are shown in Fig, 9, There were no significant
differences among the FCRs recorded from the dlfferent greatments,
though the FCRs recorded from treatments with 32,5% and 35%
protein levels were relatively less than that of other treatments,

In all other treatments FCR ranged between 0,99 and 1,02,

Protein Effictency Ratio (PER)

Protein efficlency ratio showed (Fig, 9) an inverse
relationship with that of food conversion ratio, There were

statistically no significant differences im between the PER



Fig#, SFC,FCR anc PER for different levels of protein

(32,5-47,5%) in the diets.
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from the treatments, The maximum PER was recorded at 35%
protein level(3.4) and minimum at 45% protein level (1,97),
The PER did not vary markedly between 40 and 47,.5% protein

levelq.

Biochemical Composition:

The moisture, ash, protein, lipids and carbohydrate
contents of nrawns from different dietary treatments are shown in
Fige 10, While the dietary protein level had significant
(PL 0,05) influence on the moisture, ash and lipid contents,
the protein and carbohydrate contents were not aignificantly
affected, The prawns fed on the diet containing a protein level
of 47,5%had the maximum moisture (80,9%) and ash contents
(21.8X), There was not much variation in the moisture content
of prawns fed diets containing orotein levels between 35% and
40%, There vas also a decrease in the moisture content with the
increase in protein level {n the diets upto 40% and thereafter
the moisture content showed a steady increase as the protein
level in the diet increased to 47,5%. The ash content of
prawns fed on diets containing 32,5% protein level (18,2%) 444
not differ significantly from the minimum (17,7%) recorded at
35% protein level, However, an increasing trend was observed
in the ash content with increasing protein level in the diet

above 35% protein,

No significant Aifferences were observed (Fig. 10)
between the  protein content of prawns fed diets containinag

different protein levels, The prawns fed the diet with 37,5%



Fige 10, Biochemical composition of prawns fed with
different levels of protein (32,5-47,5%) in
the diet.
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protein had the highest protein content (61,9); whereas the
lowest protein content was observed in prawns fed diets con-
taining 32,5% and 42.5% protein (59,3%).

Significant (P< 0,08) differences were also cbserved
between the total lipid content of prawns from the various
treatments, The highest lipid content was recorded at 42,5%
protein level (18,5%) and the lowest at 47.5% protein level
(10.9%)e However, no specific trend was obscrved between the
1ipid and moisture contents of prawns fed diets with different

protein levels,

The carbohydrate content in prawns fed with various
pr;toin diet also did not show any specific trend, thouéh the
iprawns fed diet with 47,5% protein level (3,5%) and 35% protein
level (3.4%) had relatively higher carbohydrate contents,

No significant variations were observed in the RNA
and in the DNA contents in between treatments (Fig. 10)., The
"highest RNA and DNA contents were recorded in pru@ns fed Aiets
containing 37.,5% protein (2.67/ug/hg) and 47,5% protein
(2.so,ug/hg). respectively, In all other treatment groups,
the RNA content ranged between 2,16 and 2.56/ug/hg. the lowest
RNA being at 32,5%.

The dry weight/total RNA ratio of prawns did not show
any significant variation with reference to the levels of
protein in the diet, However, prawns fed with lower protein
levels (< 35%) had relatively higher ratios compared to
prawns fed with higher protein levels in the diet, 8imilarly,



Fig. 11, Biochemical composition of prawns fed with
different levels of protein (32,5-47,5%) in
the dket.,
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dry weight/total DNA ratioc was alsoc not significantly influenced
by the different dietary levels of protein, though the ratios
varied between 0,39 and 0,45,

The RNA/DNA ratios of prawns were significantly (P< 0,05)
influenced by the dietary protein level, However, the prawns fed
with the 32.5% protein diet had significantly (P< 0.05) lower
RNA/DNA ratio than that of prawns fed diets containing other
dietary protein levels, The highest RNA/DYA ratio was obs;rved
in prawns fed diets with 37,8%, 40% and 45% protein (1,13) and
lowest ratio in prawns fed the diet containing 32,5¢ protein
(0.89), i Ceclining trend was observed in the U!A/DNA ratio in
vrawns fcd bayond 40% protein level, exceptinc an unexpected

rise at 45% protein level in the diete.

The calcium, magnesium and phosphorus c-ntents of prawns,
expressed as nercentages, from various dietary treatments are
shown in Fio. 10, Analysis of variance of the ata showed that
the protein lcvels in the diet do not simmi icantly influence
these parameters, “hile the calcium contents varied between 2,13
and 2.7%, the matsnesium contents varied betwern 0,41 and 0,57%

and the phoshorus contents ranged from 1,62 +o 1,83%,

Ammonia Excretion latess

Armmonia excretion rates of prawns (Fig. 12) was also
significantly (P« 0,05) influenced by the di-tary protein levels,

Significant treatment differences were observed in the ammonia



Fig, 12, Ammonia concentration in seawater and ammonia

excretion rate in prawns fod on 32,5=47,5%,
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excretion rates between prawns fed on diets with less than

42,5% to that of prawns fed on diets more than 42.5% protein,

The highest was recorded in prawns fed with 45% (0,32 mg/g prawn/
d) and lowest in prawns fed with 32,5% (0.21 mg/g prawn/d),

OBSERVATIONS

Moltigg:

The number of exuviae collected froam the various treatments
(Table 6b) ¢id not show much variation, Relatively few numbers of
exuviae werc collected from treatments with diets containing

32,5, 35 and 47.,5% protein, when compared to other treatments,

1

The number of post—m&ﬂt deaths (Table 6b)recorded were
invariably similar for all the treatments, excenting in the case
of treatment with 32,.5% protein level, whers a sliaght increase in

the numbcr of post-molt deaths was observed,
Food Intake:

Alt® ou~h not much variations were ocbserved in the amount
of lefteover feed in different treatments, slichtly reduced feed
intake was choerved in nravms feé diets con aining protein levels

greater than 45%, from the fourth week onwarcs,

Behaviour Towards Lights

2 lux)

When a light source from a table lamp (1625 x 10
was suddenly flashed into the experimental tanks, almost in all
the treatment groups, similar active response was observed dur-

ing the first two weeks, However from the third week onwards,



TABLE 6bs OBSERVATIONS IN PRAWNS FED WITH DIFFERENT

EXPERIMENTAL DIETS

Protein in Mean nos, of Mean nos, of Texture
the diet molts recovered post molt of the
% deaths body
32,5 22 24 S0
35.0 22 18 H
37.5 24 18 H
40,0 29 18 H
42,5 29 22 H
45.0 28 i8 H
47.5 21 23 H
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the prawrs fed §1ets containing 32.5, 42,5 and 47.,5% protein
shovedl quite passive response, In all other treatment groups,
actlve response was observed thr_oughou"c the experimental period
ané the prawns moved away from the lighted area in response to
light.

Extarnal ! '

No specific changes in the external morphology were
observed in prawns from differetxt treatments, after 30 dgye of
feeding with the test diets, However, few prawns fed Aiete
contain'ir)g 32,5 and 47.%% protein werce observed to have few
scattered brown spots in thé abdoni._nal region, These prawns.\

however, ¢rew as well as those without these brown spots.

DISCUSS8TON

Dietary protein requirements of a number of crustaceans,
especially the penaeid prawns, have been widely studied and
optimal protein levels in diets for different develormental
stages have been recammended (New, 1976 Biddle, 1977;

Maguire, 1980y M1114 kin gt al., 1980)s In most of these
studies; protein requirements have been reported based
on experimental trials using semiepurified or com-

pounded diets and very few studies have bsen conducted with
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purified dlets using casein as a protein source (Kanazawa gt al..
1970, 1976; Deshimaru and Kuroki, 1974a; 19753y Boghen and
Castell; 1980y Bhasker and Ali, 1984), Since casein is the

only protein source available in highly purified form, its

use as a protein source réduces considerably extraneous
Inutritional factors, which markedly alter the protein requirement
‘of prawn species, Thus, purified diets allow precise nutritional
studies, wvhereby relationships between particular dietary
ingredients and physiological indices can be observed (D'’Abramo
2t 8l., 1982), In the present study, to define the protein
requirement of juvenile P. indicus, a purified dies, with casein
as the primary protein source, was used,

The present £indings clearly show that protein level in
the diet significantly influence the survival and growth of
prawns, which is in accordance to earlier observations in
crustaceans (New, 1976y Maguire, 1980), In the first experiment,
using wide range of protein intervals, survival rate was found
Ito increase vith the protein level in the diet upto 40% and
thereafter it declined, In the subsequent experimental study
using narrower ranges of protein level, survival rates increased
with increasing protein level upto 37,5% and thereafter a
declining trend was ocbserved, The survival rate of prawns at
40% protein level differed insignificantly between the two
experiments, The variations may be due to minor changes in the

experimental conditions as -well as due to genetical variations

in the brocdstock, since the juvenile prawns used for the two
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exveriments came from different parentage,

The results slso indicate that protein levels below
32,5% and above 45% have detrimental effect on survival and
growth, 1In the case of prawns fed on the protein free-diet,
almost the whole population was wiped off with very low
survival, largely due to their cannibalistic behaviour, as
well as due to devouring of freshly molted prawns by the
cohabitors, This severe effect of protein déficiency in
nrasn's diet suggests that prawns lave a mininum requirement
for protein to meet their basal metabolic needr, However,
the hishest survival: in prewns fed the 37,5% protein in the
diet, signifies that the ﬁtvenilo prawns may have a requirement
arcound this levsl for normal metabolism, According to Colvin
and Srand (1977), protein requirement decreaselwith the
increcase ir size and the post-larvae of P, dicus have been
reported to require about 40% protein in the diet (Bhaskar and
Ali, 1984), All these observations indicate,the significant
variations in the dietary protein requirement of various crowth

stages of prawns,

Lika the survival rate, significant effect of protein
levels was observed on grouwth, In the first experiment, crowth
of prawns was found to be relatively hich between 30% and 40%
protein, But the subsequent experimsntal stuvdy, significantly
high growth was obtained with 35 %o 40% protein in the diet.

“While P, japonicus (Kanazawa gt al., 1970), Palaemon serratus
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(Forster and 3eard, 1973) and lomorug americanus (Castell and
Budson, 1974) have been found to require less than 50% protein
in the diet, E. azetecus (Shewbart et al., 1973), P. getiferus
(Andrews gt al., 1972) and P, guorarum (Sick and Andrews, 1973)
scems to require relatively lower protein levels ranging from
20-30%, and in Procambarus clarkil (Huner anc iieyers, 1979)

and B, pergjiionpls(Sedgewick, 1979), the protcin requirement is
found to be about 34 to 42X, Thus, it is evi ent that the present
exnerimental species {s having a relatively lower protein
requirement than many of the other species so far studied,
However, Colvin (1976) and Al4 (1982a) found that 2. dndicus
recquire around 43% protein im the diet for optimal growth,

These values are significantly higher than what has been
observed in the present study and can be accounted for the type
of protein source useéd, as the above ressarchers used campounded
diets as acainst the purified diet in the present case,
Probably, campounded feeds might have had growth promoters which
could have influcncod the growth, However, use of purified diet
in the present study seems to have removed the effect of growth

pramoters (Keanazawa et al., 1970; New, 1976¢;Conklin et al., 1980),

Although, the growth and survival in pramms showed
slicht difference between 38%, 37,5% and 40% protein levelsy the
observed differences vere not statistically significant, So it
is evident that dietary protein levels ranging from 35 to 40%

can be used for formulation of complete practical diets for
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Juvenile P, indicus without affecting survival and arowth
sionificantly, On the other hang, considerably reduced growth
attained by prawns fed diets with 32,3% or less of protein or
above 40% protein level, indicate that underfeeding and over-
feeding of protein, significantly affect growth probably due

to alterations in the metabolism, As in the protein deficient
diet, pocr growth and relatively poor survival were observed at
10% and 20% protein levels, which clearly indicate that at these
protein levels and restricted feeding, the prawns are unable to
meet their dietary protein requirements for proper growth,

The protein level in the diet also had siaonificant effect
on the spr cific food consumption (SFC), with the values increasing
with levels of protein from 0 to 30% and above)thesc lev;ls. no
significant variation was observed between the treatment groups,
These results indicate that the prawns tend to reach a satiation
level for protein requirement, resulting in optimm food
consumption, maximum growth, and hich survival rate,above 30%
protein, In comparison, the food consumvtion was relatively
poor in prawns fed with less than 30% protein in the diet and
in prawns fed without protein, the food consumption was very
low leading to poor growth and survival, Similarly, high
values of 5rC against poor growth in prawns fed with high
protein (> 50%)diets, indicate the interference of excess
dietary protein on the growth of the prawns, Following the

second sct of experimental results, it is evident that there
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is no significant variation in SFC values between 35 and 37,.5%
protein levels and so the optimal protein level could be well
within this range, The values recorded for SFC in these
levels of protein fed prawns are almost same to that recorded in
Juvenile H. gmericanus which were fed on a natural diet( Bordner

and Col¥in, 1981),

The FCR and PER values are also significantly influenced
by the protein levels in the diet, Protein levels less than 20%
in the diet,gave significantly higher F®CR and PER values than
higher levels of protein, Howewver, the lowest FCR and highest

PER at 35% protein level in the diet indicate that food as well
as protein are efficiently utiliged, But considering the growth
and survival, 37,5% protein seeme to0 be better than that of 35%
protein, :owever, since the FCR and PER were not significantly
different between 35% and 37,5% protein,it is apparent that the
optimal protein requirement may fall within the range of 35% to
37.5%., On the other hand, high FCR and low Fi.l values recorded
at protein levels below 32.5X and above 40%, indicate that
dietary protein inadequacy or excess, affect food conversion and
dietary protein utilization,

The biochemical composition of carcass of prawns further
prrovide evidences in support of the above sucgcstions relating to
the optimal requirements in the prawns, Amongst, the various

biochemical parameters determined moisture, protein, lipid, ash
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and calcium are the most prominent to be affected by the dietary
levels of protein, It is evident that prawns fed below 35% or
sbove 40% protein levels, tend to have more moisture than prawns
fed diets containing protein batween 35% and 40%, This sionifies
that when prawns are fed with supra=optimal or sub-optimal
protein levels, the organic matter accumulation is reduced
considerably, 'Hovwever, it was observed that th‘e ﬁoisture content
in prawns fed with 35«40X protein was low, indicating that

at near optimal protein requirement, maximum nutrient deposition

occurs,

Fraom the results 1£ is evident that the ash content of
prawns is significantly affected by the dietary protein level
with the prawns fed below 35% protein in the diet having
significantly lower ash content than those féd diets containind
above 35% protein, However, in the first experiment, prawns
fed diet containing 40% protein level recorded the lowest ash
content for unknown reasons, but in the subsecuent exveriment,
the ash content recorded at 40X protein level was almost as

high as in other protein level fed prawns,

Ash from prawns fed with experimental diets when
analysed for calcium, magnesium and phoaphorus, showed signifli-
cant variations only in the calcium content, The prawns fed
with the protein deficient diet had signif{cantly lower calcium
content than those fed with more than 30¢ protein levely
however, at higher protein levels () 50%)s the calcium content

showed a gra‘ual decline, Prawns fed Adiets with protein
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ranging between 32,.5% and 47,5% showed an increasing trend in
caleium content but ‘plateauing beyond 37.5% protein level, This
suggests that poseibly calcium contents is not influenced by
protein levels bétweon 37.% and 47,5%. No eignificant variations
were observed in magnesium and phosphorus content of these
prawns fed diets containing increasing protein levels though

in higher vertebrates protein level in the diet has been shown
to influence the degree of utilization of phosphorus and
magnesium (Georgievskii gt gl.,, 1979), The variations in the
present observation with that of the above workers may be due
to the differences in the physiological processes taking place

in these forms,.

So it appears, from the results obtained on calcium
content, that possibly the uptake, repletion and depletion of
caleium in nrawns is influenced by the protein levels, since
caleium in crustaceans forms an important major inoracanic
constituent, On the other hand, magnesium an? phosphorus are
relatively minor components (Richards, 1931, Huner gt 3l.,1978)
and are probably not influenced by dietary protein levels, so
insignificant variations were observed in the different treatment

CrOUDSe

The protein content in prawns, helps interpret the
effect of Cietary protein level, as well as other metabolic
changes associated with the dietary treatment, Frotein content
in prawns was significantly influenced by the protein level in
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'the diet, The vrotein content increased with the protein level
upto 40% and thereafter declined, On the other hand, the prawns
fed the wnrotein deficient diet had significantly low protein
content, indicating that under dietary protein deficiency, the
tissue proteins are cataboliged leading to depletion in tissue
protein levels, The ammonia excretion rate was also found to be
significantly low in prlwnnpfzjiwkhil treatment on prolonged
deprivation of protein, Furfhsg; Mendes and iaterlow (1958),
demonstrated that protesin malnutritioﬁ\}esults in the loss of
cellular protein fraction, and thus, the low protein content

in thege prawns are quite expected,

The prawns fed with more than 30% protein in the diet
had higher protein content than prawns fed with less than 30%
érotein. This indicates that since dietary proteins availability
was limited, both due to the low protein level in the diet and
restricted feedinqg, protein deposition in the body is greatly
affected, However, insignificant variations in protein content
of prawns was observed with further increase in concentration of
protein in the diet, DBesides, the protein contents recorded
in the first experiment sre not exactly comparable to that of
the second experiment, Probably, differences in brood stock
from which prawn juveniles were obtained could have contributed
to this variation in protein content, Even then, it appears
that protein level in the diet does not significantly affect
the protein content in prawns fed on diets having protein levels

ranging from 32,5% to 47,5%, The experimental study, however,
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shows that when threshold levels of protein are adced in the
diet to meet the minimum protein requirements of the animal,
the protein deposition is not zignificantly affected with any

further increase in the levels of dietary protein,

The RNA and DNA content in prawns are important parae
meters since the ratioc of these explaiﬁs the state of metabolic
activity undergoing in the tissues (Hotchkiss, 19553 Buckley,
1979a) and in many cases, the RNA content in organisms has been
related to their growth rates (Leick, 1968, “utcliffe, 1970;
Dagg and Littlepage, 1972), However, the changes in RNA-DNA
ratios are primarily due to changes in RNA-P rather than DNA.P
which remains constant (Bulow, 1970), According to Bulow (1971)
and Buckley (1979a, D), RNADNA ratios are very sensitive to
changes in feeding levels and could be used as indicators of
growth, The present study also shows the significant influence
of dietary protein levels on the RNA and DNA content in prawns,
The increase in the concentration of RNA upto 40% protein
level in the diet shows the increased reate of protein synthesis
with the increase in protein level in the diet, The highest
RNA content at 40% protein level,indicate active efficient
protein synthesis, which was also reflected in the highest
arowth achieved at this level, The RNA-DNA values recorded in
the prawns during the present study are within the limits
reported by Bulow (1970) and Buckley (1979b) {n fishes and
Sutcliffe (1970) in smphipods,
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Since the RNA=DNA ratio as well as the growth of
prawvns vas observed to be highest at 40% protoin level, the
suggestion by Bulow'(1971)‘;nd Buck;ty (1979a, b) for fishes
that RNA-DNA ratio can be used as Qroufh indicator may also
hold true for prawns, Similar, observations were also made
in the,second set of experiment where the hicghes® RNA-DNA
ratio was recorded at 37,.5% and 40% protein levels. These
resulis indicats that the high growth dttained'at 37.5% protein
level is jugtifiable. gince the protein synthesis was perhaps
most efficiently functioning, resulting in hich protein
deposition in the tissues for grewth, 7This 1; in conformity
with the observations of Leslie (195%5) and Brachet (1955) wvho
vostulated that zlthowgh DNA content of the fish tissue wili
vary iittle. RNA content will vary much more and be hichest in

those fishes undergoing fastest growth cr protein synthesis,

Lipid content in vrawns decre:sed with the increase
in protein level in the Aiet and prawns fed with protein-free
diet had significantly high 1lipid content compared to pravms
fed with more than 45% protein which had significantly low
lirid content, These :oculﬁa clesarly indicate the effect
of Aletary protein ‘on lipid metabolism, As observed in the
present study, high 1ipid content was also obtained in the
fish, sea bass, fed on a proteinedeficient diet (Metailler
et 8lee 1973), On the other hand, prawns fed protein
diets ranging from 20 to 40%, Aid not show any significant

variation in the 1ipid content, though there was variation in
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Jrowth, 7he relatively low lipid content in prawns fed with
high protein diets indicate that probably energy derived from
lipid is used for deamination associated with protein catabolisnm
which requires energy. The process of active deamination of
proteins in these prawns is evident from the high ammonia
excretion rates. The carbchydrate content also shows similar
trends like lipid content in these prawns decreasing with
increasing protein level, though not prominent as the lipid

content,

Fram the ammonia concentration in water, it is evident
that prolonged protein deficiency leads to low ammonia excretion
indicating reduced metabolic activity (Harper, 1971y Clifford
and Bricks, 1978). The passive responsas observed in these
prawns when disturbed, further support the above observations

of low metab®lic rate,.

ih
wt
In the case of prawne fed|the high protein diets (more

than 42.5%%), the carbohydrate content was hich and the ammonia
excretion rates were significantly higher than that of prams
fed dlets with lower (less than 42.5%) protein levels, This
suggests that in this case,the excess proteins are catabolized
and probably part ef the energy liberated is converted into

carbohydrate and lipid,relealing‘-nnonia in the process,
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CONCLUSIONS

The present study indicates that juvenile prawns,
2e indicus require proteins for normal growth, survival and
general maintenance of body funections, TDeficiency of proteins
in diets for longer duration results in near complete mortality
of prawn poonulation, Fromitho second week on. ards these prawns
show increasing cannibalistic behaviour, Prolonged deficiency
reéults in alterations in metabolic activitics,which is evident

from the carcass composition and general declining activity,

Sub=optimal levels of proteins in diets are unable to
sustain growth for longs and to meet their cnergy and protein
requirements, the cohabiting prawns resort to feeding on

freshly molted prawns and thereby lower survival was recorded,

The perferable levelz of protein in diets of juvenile
P, indicus seems to be within the range 35 to 40%, These
results are sufficiently supported by other parameters studied
and are well within the protein levels sugg-sted for this
species using compounded diets (Colvin, 1976), However, it is
diffdcult to point out optimal protein requirement speciflcallg
for a species as multivariate factors are involved in
determining the mutritional requirements for a species which

are difficult to control at a time (Goodwin and Hanson, 1977),
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Also, Colvin and Brand (1977) observed that protein requirement
decreases as the size increases and thus the developmental
stage of prawn has significant influence on protein

requirements,

Protein diets above 40% results in reduced growth,
increased catabolism of protein, increased ammonia excretion
rates and affects the deposition of inorganic and organic
nutrients, finally resulting to lower survival rate. Thus, for
proper maintenance of body metabolism which reflects on the
growth and survival,prawns like any organism needs optimal

protein concentration in their diets,



CHAPTER-II
NUTRITIVE VALUE OF NATURAL

PROTEIN SOURCES
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INTRODUCTION

It is now well established that the g;owth of prams
apd the cost of feed are aignificantly affected by the quality
and quantity of protein in the feeds, Therefore,it is essential
to identify protein sources, which can promote maximum growth
and protein retention in the body, by comparing the biological
value of easily available and aesthetically non-usable protein

sources for human consumption.

Since am;no acids con.t{fute the proteins, a comparison
of the amino acida pfgfiio 6f tho)ptoioin source with that of
the amino acids profile of the cultivable prawn species, to a
greater extent, would indicate the nutritive value of the
protein source for the species (Volvekemp and Waterman, 1960;
Cowey and Zargent 1972). The protein cuality can also be
assessed based on its influence on nitrogen tetention (Carr
et al., 1977). Protein sources with any of the deficient
essential amino acids will show poor nitrogen retention and
the best output can be achieved only by adding more of this
protein source in the diet, which will enhance the cost of
feed formulation, In‘this case, hitrogon retention per unit
intake of prctein will be less than that of a rrotein source

with balanced amino acids profile (Boorman, 1979), Thus, for
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economically viable feed formulation, dietary protein sources
which satisfy the amino acid needs of the animal are escential
(Deshimaru and Shigueno, 1972y Hanson and Goodwin, 1977y Shang
and Fugimurs, 1977; Aquacop, 1978; Boghen and Castell, 1980),

Protein sources can be obtained from either plant or
animal procducts, provided the amino acids profile of these
catisfy the requirement of the animal under study, In juvenile
M. rosenberqii (Nelson gt al., 1977b) highest assimilation
rates were found using a diet containing animal protein (249,41
Cal/g/day) followed by a mixed diet (plant = animal source)
(218,04 Cal/g/day) and plant diet (183,72 Cal/g/day), However,
the animal protein diet produced poor growth rates compared to
the mixed diet, apparently due to the higher metabolic rate in
the prawns fed the animal diet, In addition to this, the
caloric cost of food utilization was reported to be high in the

case of animal protein diets compared to the mixed diet (Nelson

ot al.. 1977b),

However, soybean meal has been found to be a superior
ingredient among all the plant protein sources tested for many
crustaceans (Kanasawa gt al., 19707 Balazs gt al., 19737 Sick
and Andrews, 1973) Balass g% al., 1974by Pascual and Destajo,
1978), vhile Kanasawa ¢t al. (1970) agreed that soybean meal
i3 the best pnrotein source for P, japopicus, Deshimaru and
S8higqueno (1972) reported poor growth rates with soybean meal

compared to animal protein sources, Similarly, Ponat and
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Adeluns (1920) reported poor qrowth rates in crabs fed on soybean

meal diets compared to animal protein sources and purified diets

(casein),

Thus, other than few plant protein sources, animal
protein sources always proved best for formulation of diets for
prawn, Among the animal,protein sources, proteins of marine
origin are found to be superior because of rclatively hich ash
content, which influences the growth significantly (Colvin and
Brand, 1977; Boghen and Castell, 1980), Shigueno gt al. (1972)
reported that diets containing high levels of protein from
diffefent sources including squid meal, white £ish meal, dried
euphausia and active sludge were more efficient than diets
containing low protein levels for P. japonicys. In many studies,
squid was used as protein source because of its high content
of arginine (Subrahmanyam and Oppenheimer 1969; Kitabayashi gt al,,
1971¢c 2 Deshimaru and Shigueno, 1972 Kittaka, 1976, Fenucci
and Zein-Lldin 1976), However, diets based on blood meal
produced poor growth rates im P, gretecus (Colvin and Brand . ,1577).

A mixture of two or more protein sources, invariably
show better groﬁth than a sincle protein source (Deshimaru and
Shigueno, 1972), Compounded dilets with a mixture of shrimp
meal and 7ish meal (marine protein sources) were found to
cover the protein needs of juvenile lobsters {Boghen and
Castell, 1980), A mixture of two or more protein sources in

the diets showed better growth performance in prasms,
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« rosenbergii than when used individually (New, 1976). 3alazs
et al., (1974 b) revorted better growth rate in M. ,an_b_e_mj.L
with a mixture of soybesn meal and tuna meal compared to soy-
tuna or shrimp meal used 1nd1vidua11y._ S:hailarly, Venkatara-
matah et 3l. (1978) reported better growth performance by
shrimps feeding on a diet with shrimp shell waste and grass,
owing to the high percentage of protefin. Sandifer and Jose»h
(1976) reported enhanced levels of free amino scids and J
pig:ne,n-tation of the body, whan shrimp head meal was used in
diets, Joseph mnd Meyers (1975)also advoceted the use of
crustacsan wastes, such as shell, heads or any other waste
products for fornmlation of practical diets as these sre rich

in sulphur amino acids which influence growth in ghrimps,

2s such no protein is complete in itself, so as to
provide all the essential asmino acids in proportions required
by all the apecies, Therefore, supplementation of deficient
emino acids to diets should improve crcwth rate, However,
conflicting results have been obtained by supplementing amino
acids to crustscean diets., While Boghen and Castéll (1980),
in Homarus gmaricanus, and Stahl and Ahearm (1978) in
juvenile M. rosenbergii, found better qrowth respense in diets
lacking individual indispensable amino acids, Kanasawa et cl.s
(1970); Sick et pl. (1972); Deshimaru and Xuroki (1974c, 1975a,
b)y Deshimeru (1976a); Colvin (1976) and Ponat and Adelung (1980)
found pure amino acids and reptides resembling most other

vrotein sources in amino acids composition, unsuitakhle in tho
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diets for crustaceans, However, attempts were made in balancing
dietary amino acid cemposition by manipulating intact ingredients
(Deshimaru and Shigueno, 1972),but conclusive results are still
at large, It is unlikely that any multi-ingredient rations fpr
shrimp will be gqualitatively deficient in any of the ten
indispensable amino acids; yet, it is still impossible to
forurulate rations with & balanced amino acids profile (New,
1976) until the quantitative amino acids requirements are
established, Qirrent diets are certain to be qualitatively
deficient in some amino acids,while providing excess of others,
Thus, the formulation becomes inefficient, uneconomical and
excess of amino acids in diets may indueve inhibition due to
toxicity.

Eventhough many studies have shown that purified diets
are as such not successful as those made from whole protein
sources, such as fishmeal, soybeam meal, whole egg, house-£ly
meal and chicken feather (Kanazawa et al., 1970s Sick gt al.,
1972y Deshimaru and Kuroki, 1974c¢, 197%5a, by Stahl and Ahearn,
19783 Tinsley et al., 1984), purified diets are used extensively
to determine optimal recuirements of protein and other mutrients
for crustaceans in many lsboratories. The better growth in the
latter is cuite probable since the use of natural ingredients in
compounded feeds for determining optimum requirements of specific
nutrients will affect the results due to the nresence of nutrients
already present in the ingredients, However, poor growth with

purified dicts (compared to natural protein socurces) has been
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attributed to the poor gut bacteria, low pH of the diet (Nose
et al., 1974), more gastric evacuation time and deficiency of

some of the amino acids in casein, etc.

Although numerous studies have been carried ocut to
avaluate the mitritive value of various sources of protein for
crustaceans, as evident fram the foregoing review, studies on
the nutritive value of various protein sources for the Indian
prawns are very few, The existing few studies (Colvin, 1976;
Ali, 1982a)on Pepgeus ipdicup deal with the nutritive value of
fow protein sources .buod mainly on growth and conversion
effieiency, Therefore, in the present study, nutritive value
of a variety of protein socurces have been evaluated by
gathering data on survival, growth, food conversion,protein
efficiency ratio, biochemical composition of the body and

amonia excretion,

MATERIAL AND METHODS

The plant and animal protein sources used for the
study are as followss

Plant origin ¢ Ground nut oil-cake, soybean meal,
coconut oilecake and gingely oil-cake,

Animal origin ¢ Fish meal (Nemipterus japonicus)
Crab meal (Scyllas gerrata),
Prawn meal(P, indigus and Mgtapenaeusg dobsoni)
Clam meal (Meretrix castg)
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These protein sources were taken individually and in combination
for formulation of diets, Along with these,purified diet using

casein (control) wasalao formulated for comparison purpose,

The protein sources were initially oven-~dried, powdered
in a electrically run kitchen grinder and then seived through a
sieve of mesh size 2oo/u and stored in polythene bags in a
desiccator, Prior to formulation of experimental diets, proximate
analysis of the protein sources was done and the results are
shown in Table 7, Based on their erude protein content, diets
were formulated to have about 25X crude protein level, except
for the purified diet. The ingredient composition of the diet
are shown in Table 8, In the present study, lecithin
(phospholipid) was used at a level of 3% in the diet as it
improves survival rate in crustaceans (Boghen and Castell, 1980,
Conklin et al, 1980), The total lipid content was however

maintained same as that used for the first experimental study.

Experimental procedures adopted for recaring of prawns
were same as described in Chapter 1, Table 9 shows the mean
envirormental conditions maintained, initial size and weight

of the animals taken for the study,

The parameters considered to evaluate the nutritive
value of protein sources are similar as that adopted for the
experiment in Chapter 1, These include survival, growth, food
consumption and conversion, protein efficiency ratio, body
chemical composition, and ammonia excretion rates after feeding



TABLE 7t DPRCXIMATE COMPOSITION OF PROTEIN SOURCES

Ingredient % .
Ash . Protein Lipid Carbo-
hydrate

Ground nut oil-cake 14,32 38,0% 6.98 40,61
Soybean meal
(BDH Chemicals) 8,56 45,6 5.32 38,32
Coconut oll-cake 22,48 27.8 4,18 44.36
Gingely Cilecake 19,26 32.6 5,72 41,64
Fish meal (Nemipt 24,8 59.7 1la.8 3.69
japonicug)
Crabmeal (Szylla 2246 60,2 10,2 3,10
gerratg)
Prawn meal
(P. indicus; M., dobsoni) 19,2 6546 9,7 2.58
Clam meal
(Meretrix casta) 11,2 5666 8.2 20,8

Casein (Vitaminefree)
(ICN~Bio=chemicals) 1,2 96,2 - -
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TABLE 93 ENVIRONMENTAL PARAMETERS AND STOCKING

JUVENILE PRAWNS

SIZE CF

Parsmeter

Mean values

Temnerature (°C)
Salinity (ppt)

Ammonia concentration in
the water (NH =N ma/1/4)

pH
Initial length (mm)

Initial weight (mg)

26,3

20,3

0.061
7.719
23.47

85,31

i+

0.71

2.8

0,011

0,37

1.14

0,041
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for 30 days with the diets, The procedures adopted were similar
to the earlier experiment, as described in Chapter 1. The data
obtained for variocus parasmeters were statistically analysed as

described in Chapter 1,

RESULTS8 AND OBSBERVATIONS

Survivals

The survival rates (%) of prawns recorded fram the
treatments are shown in Fig, 13, Analysis of variance of the
data showed that the dietary protein sources significantly
(P¢ 0,05) influence the survival of prawns, Among the diets
compounded with plant protein sources the hichest survival
(86%X) was raecordsd in the prawn groups fed on the diet
containing ground nmut oilecake (A) and the lowest (67%) in
prawn groups fed on the diets with coconut oil-cake (C) and a
combination of plant protein sources (B) at the end of 30 days,
The prawn groups fed with soybean meal (B) in the diet recorded
relatively higher survival (80%) than those fed on gingely
oilecake (D) (73X),

Among animal protein sources, the diet with a mixture
of animal protein sources (J) produced the highest
where as the
(33%) survivaly diet with clam meal produced the lowest survival
(67%)., Diets containing fish meal (F) (78%), crab meal (G)

(76%) and prawn meal (H) (84%) also produced relatively highe:



Pig., 13,

Weekly percent survival of prawns fed with diff-
erent protein sources A-grtoundnut oil-cake,
Begoybean meal, Cecoconut ollecake, D=gingely
oil-cake, E-all plant proteins, F-fish neal,
Gecrabmeal, Heprawn meal, I-clam mgal, J-all
animal proteins, K-cambination ofygli\plant-

- -

animal proteins, I-purified diet,
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survival than clam meal diet, Diet with a cambination of animal
and plant protein_sources (K) and purified alet (Control«l) gave
relatively low survival rates (69%), which was almost similar

to the survival cbtained in prawns fed diets compounded with a
combination of plant protein sources (E) and coconut oilecake
(C) (67%),

Grouth

The mean percent gain in length, wet weight and dry
weight of prawns fed on the experimental diets are shown in
Fig, 14. Analysis of variance of the data showed that the
dietary protein sources significantly (P<0,05) influence all
the above three qgrowth rnarameters. The prawms fad on the diet
ceritaining soybean me;l had the highest mecan pereent gain in
length (92%) among the tested plant protein sources, which was
hovever not sionificantly different from that obtained vith a

V'I-

combinaticn of plant proteir sources (91%). Sﬁmi{grly. therc
vaz‘no-iignificant 4ai fference between the percent

ain in
lengths of prawns fed diets containing gingely oil-cake (81%)
and coconut oilecake (82%), The mean percent gain in length
of prawns f;a'iiﬁh‘thc diet ccataining ground mut oil-cake was
significantly (P< 0,05) higher than thosa fed with diets

containing gingely oil-cake and cocomut oil-cake.

In the case of animal protein sources, clam meal
procuced +the highest meam percent gair in length (112x) and
the lowest mean percent gain in length was observed in prawns

fod diet containing crab meal (82%), There were no



Fig. 1‘.

‘Percent gain in length ané weight, and total

bicmass (g) of prawns fed with different protein
sources A=groundnut oil-~cake, B-soybean meal,
Cecoconut oile-cake, D=gincely oil-cake, E~all
plant proteins, F-fish meal, Gecrabmeal, Heprawn
meal, I-clam meal, J-all animal proteins,
Kecambination of all plant-animal proteins,

Lepurified diet,
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significant differences among the mean percent gain in lengths
of prawns fed diets with fish meal (96%), prawn meal (92%) amd
mixture of animal protein sources (96X) in the diets., The
prevns fed dlets with a mixture of plant-animal protein sources
and purified diet recorded mean percent gain in lengths of

96 and 99%, respectively, which are comparable to that recorded
with most of the other individuel animal protein sources.

The mean percent gain in wet weight of prawns (Fig. 14)
fed diets with plant protein sources were found to be signifi-
cantly (P ¢ 0,05) less than those fed diets containing animal
protein socurces, Among the plant protein scurces tested,soybean
meal gave the highest mean percent gain in wet weight (568%),
which was followed by diets with a mixture of all plant protein
sources (529%) and ground nmut oilecake (496%), Diets compounded
with gingely oilecake and coconut oil-cake cave significantly
(P<0,05) lower percent gains, 361% and 341%, respectively,
then that of other plant protein sources.

In the case of animal protein socurces, the highest
mean percent gain in wet weight was rscorded with a mixture
of animal protein sources (644%) and the lowest (537%) with
prawn meal, The wet weight gains recorded in prawns fed with
f1sh meal (552%), crab meal (576%) and clam meal (575%) were

not significantly different from each other,
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Digt with a mixture of plant and amimal protein sources
produced a m~an percent wet weight dain of 551%./?which was not
different from that observed in prawns fed v'ii?:g/fish meal in the
diet, However, purified diet fed prawns recorded relatively
high percent wet weight gain (581%),

The protein source used in the diets also had highly
significant (P <0,05) effect on the percent dry weight gain of
prawns, /mong plant protein sources, the highest percent gain
in d‘ry weight ‘was recorded with & mixture of plant protein
sources "(5‘75%). but the lowest was obtained with coconmut oil-
cake (332%) closely followed by gingely oil-cake (341%),
Although.' the highest mean pcrcent' wet weicht gain was abtained
with soybcan meal in the diet, the percent Ary weight (558%)
gain was relatively less than that obtained with a mlixturo of
plant protein sources, Similarly, among the anima} protein
sources tested, diet with a mixture of animal protein sources
produced hq.c,hest percent Ary weight cain (697°'); whereas,i‘x;‘énl
diet produced the lowest dry weicht gain (4537%), Among the
other individual animal protein sources, crab meal (627%),
and prawn meal (580%) produced relatively higher percent gain
in dry weight of prawns when compared to clam meal (517%),
Statistically significant differences (P (0,05) were however,
observed only between the mean dry weight gains of prawns fed
on the dif‘ferent diets containing plant protein sources,

Also, the diets containing animal protein sources Jave
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significantly (P<£0,05) higher dry weight gains than diets
containing plant protein sources excepting, the diet with

soybean meal,

Specific Food Copsumption (SFC)s

Significant (P« 0,08) influence of dietary protein
sources was also observed on the specific food consumption of
prawns (Fig, 15), Prawns fed on diets with coconut oil-cake
and gingely oilecake showed significantly (P< 0,05) higher SFC
than those fed diets with other dietary protein sources, There
‘ware no Bignificant differences in the SFCs between prawn groups

fed on various diets with animal protein sources,

Food conversiop Ratde (FCR):

Food conversion ratio (FCR), as shown in Fig. 15, 4id
not show much variation between the protein sourcesy however,
diets with plant protein sources gave relatively higher values
than those fed diets with animal protein sources., Among, plant
protein scurces, diets with coconut oil-cake (1,44) and gingely
oilecake (1,38) gave relatively higher FCRs compared to soybean
meal, g¢ground nut oil-cake and mixture of plant protein sources,
The FCRs obtained for diets with different animal protein
sources, did4 not vary markedly from each other and it ranged
from 0,92 for clam meal to 0,81 for prawn mesl, Among, the
plant protein sources, soybean meal gave PCR valus (0,.88),
almost equivalent to that of most of the individual animal

protein sources, Also, the diet with a mixture of plent and



Fig. 15,

S¥C, FCR ard PER for different protein sources,
A=groundnut oil-cake, B-soybean meal, C-coconut
0ll-cazke, T~gingely oil-cake, r-=all plant proteins,
F=fish mcal, C-crabmeal, Heprawn meal, I-clam meal,
Gecrabmezl proteins, Ke-combinaticn of all plante

animal proteins, L-purified diet.
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animal protein sources (0,89) and purified diet (0.85), gave
FCR valucs similar to that recorded for soybean meal, However
analysis of variance of the data did not give any significant
F value showing that all the observed differences were statie

stically nctegignificant,

Pxeteldn Eifficiency Ratjo (PER):

Protein efficiency ratios recorded from different
treatments are shown in Fig, 15, Among the clets, ground nut
oilecake, soybean meal, fish meal, prawn meal, mixture of animal
protein scurces and mixture of plant and animal protein sources
gave significantly (P <0,0%) hicher PER gompared to that of
prawng fed with cocomut oilecake and ground mut oil-cake, The
highest PER was recorded with Soybean meal (4,72) amongst plant
protein sources and lowest with cocomut oil-cake (1,98), Amongst
animal protein socurces, the PER was hichest for prawn meal (4,.,47)
and lowest for crab meal, However, amongst all diets, mixture
of plant-animal protein sources recorded the highest PER (4,73).
Purified diet fed prawns showed significantly (P <0,05) lower

PER (3,13) than most other protein sources,

Rlochemical Composition:

With & view to ascertaining if there was any significant
influence of the diets, containing the varicus protein sources,
on the body composition,biochamical composition of the whole
prawns were determined after the experiments and the results are

presented helow, The percentages of moisture, ash,protein,
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1ipids and carbohydrate in prawns from different dietary treatment
are shown in Fig, 16,

Analslis of variance of the data showed that the protein
scurces used in the diets significantly (P 0.01) influence the
moisture, protein, lipid and ash content of prawns, The moisture
content of prawns fed q1etq with plant protein socurces was
relatively hicher éh;n those fed diets with animal protein sources,
Howewer, there were no significant Adifferences between prawn
groups fed diets containing the various plant protein sources,
as the moisture content ranged from 76,8% to 77,9%, On the
other hand,prawns fed on diets with animal protein sources showed
significant (P 0,0%) differences in the moisture contents, The
prawns fed on diets with fish meal (79,2%) and clam meal (78,3%)
had relatively higher moisture c¢ontents than prawns from other
treatments, The moisture content of prawns fed on diets with a
mixture of plant-animal protein sources (73,1%) and the purified
diets (72,8%) were also not significantly different from that
cbserved in prawns fed on the diet with a mixture of animal

protein sources (72.,4%).

Total ash content was teiatively higher 4n prnmi fed
on diets with plant protein sources than those fed on diets
with animal protein sources, Among the plant protein sources,
cocomit oil-cake diet fed prawns had the highest ash content
(25,3%)s whereas prawns fed on the diet with gingely oilecake
had the lowest ash content (16,9%), There were no significant

differences between the ash content of prawns fed on diets with



Fig. 16,

Biocchemical composition of prawns fed with
differcnt protein sources, A=ground mit oil-
cake, B-soybean meal Cecoconut oile-cake,
Degincely oill-cake. C-all plant proteins,
F=fish mcal, Cecrabmeal, H-prawn meal, lIe-clam
meal, J-all animal proteins, Kecambination of
all plant-animal proteins, L-purified diet.
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soybean meal (21,3%), mixture of plant protein sources (21,5%)
and ground mut oil-cake (19,7%), In the case of prawns fed on
~dets with animal protein scurces, the hichest ash content was
recorded with a mixture of animal protein socurces in the diets
(18,9%), which was closely followed by clam mcal (18,2%) diet
fed prawns, The prawns fed on diets with crab meal had the
lowest (10,95!) ash. The ash content of prawns fed on‘:\%fich
meal diet (15,4%) was not significantly differenﬁ from that
fed with prawn meal (15,3%) diet, Prawns fed on the diet with
a mixture of plant and animal protein socurces had ash 17,3%
which was not significantly different from that observed in
prawns fed on diets with most of the animal protein sources,
Purified diet fed prawns had lower ash content (14,5%) than the
prawns fed on diets with all other dietary protein sources,
excepting crab meal. The ash content of prawns fed on diets
with groundmut ofil=cake, coconut oil-cake, ginqgely oil-cake
was significantly (P, 0,05) different fram that found in

pravns frem all other treatments.

The protein content of prawns showed distinct variability
in relation to the Adietary protein scurces, Diets based on plant
protein scurces prqducea significantly (P 0.05) lower protein
contents than animal protein nource-; Among, the plant protein
sources treatments, diets with gingely oil-cake (63,77%) and a
mixture of plant protein sources (63,7%) produced relatively

higher protein contents, Whereas, the prawns fed with cocomut
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O0ll-cake in the diet had significantly (P 0,05) lower protein
content (57,2%) than those fed on diets containing other plant
protein sources, Similarly, the prawns fed on diet with fishe
meal had¢ the highest protein content (69,4%) and those fed with
clam meal (60,8%) had the lowest protein content, among prawns
fed on animal protein diets, Prawns fed diets with a mixture

of animal protein sourods (67,5%) and crab meal (69,6%) had
significantly (P< 0,05) higher protein content than those fed )
diets with clam meal, No significant variation in the protein
content was observed between the groups of prawns fed on diets
with fish meal, crab meal and' mixture of animal protein sources,
The prawns fed with a mixture of vrlant and animal protein
sources had a protein content (65,2%), vhich was relatively
higher than prawns from most other treatments, Similarly,
prawvns fed on the purified diet had high protein content

(67.6%), vhich was almost equivalent to the protein content of
prawns fed with diets containing fish meal or cradb meal.

It was also observed that the prawns fed on diets
containing animal protein sources had higher lipid contents,
when compared to the prawns fed on diets with plant protein
sources, Amongst prawns fed on diets containing plant protein
sources, soybean meal (14,3%] fed prawns had relatively higher
1ipid content,whereas prawns fed on the diet containing a
mixture of plant protein sources (9,4%) had the lowest lipid

content , There were not much differences between the lipid
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content of prawns fed diets with groundnut oil-cake (13.1%),
coconut oil-cake (12,1%) and gingely oil-cake (11.2%)., Among
the animal protein sources, prawns fed on crab meal (16.9%)
diet had significently (P« 0,05) higher 1lipid than all other
treatments, Whereas, prawns fed on diets with fish meal
(10,0%) and mixture of animal protein scurces (10,9%) had low
lipid content, The libid content of prawns grown on diets with
cradb meal, prawn meal, clam meal and mixture of piant and
animal protein sources was significantly (P 0,05) 4ifferent

from that of prawns from most other treatments,

Analysis of variance of the dsta showed that the protein
sources used in the diets significantly (P<0,0%5) influence the
carbohydrate content of prawns, Amongst prawns fed on diets
compounded with plant protein sources, those fed on cocomut
oil=cake (1,7%) diet had significantly (P< 0,05) lower
carbohydrate content and those fed on diets with gingely oile
cake (2,3%) had the highest total carbohydrate content,
However, there were no significant differences hetween carbo-
hpdrate contents of prmao ndfcd on other protein sources diets
which rangcd between 1.,89)2,13%, There was also not much
difference in the carbohydrate content of prawns fed on diets

containing various animal protein sources, as well as a

mixture of plant and animal protein sources,

The RNA/DNA ratios for prawns from various treatments

are shown in if'ige 17. There were significant differences
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(P{0.,05) between the RNA/DNA ratios for prawns from various
treatments, The prawns fed on the Aiet with a mixture of
animal protein scurces had significantly (P< 0,05) higﬁor
(1,13) <NA/DNA ratio compared to pravng fed on clan meal

(0,61) diet, However, RNA/DNA ratios of prawns fed on diets
with £4sh meal (0,96), crab meal (0.,9) and prawn meal (0,99)

d1d not Aiffer significantly from that of purified diet (0,98,
The RNA/DNA ratios were relatively low in prawns fed on the

rlant protein diets and it ranged from 0,62 to 0,88,

Among, the various treatments, soybean meal (1,61) diet
fed prawns had significantly (P ¢ 0.05) high dry weight/total
RKNA ratio, It waz also observed that the Adry weight/total RNA
ratio (Fig, 17) was relatively hicher in prawns fed on diets
with plant protein socurces,when compared to those fed on diets

with animal protein sources, except clam meal,

The dry weight/total DNA ratio did not show any
significant variation in relation to dietary protein sources
(F1ge17)., However, the ratio of dry weight/total DNA was
relatively higher in prawns fed diets with groundnut oil-cake
coconut olle-cake and mixture of plant protein soureces (1.03)
vhen canpared to diets with other plant protein sources,.
Amongst anﬁnal protein sources, the highest ratio was recorded
in prawns fed on the diet containing a mixture of snimal
protein sources (1,38) and the lowest ratio in prawns fed on
diet with clam meal (0,78), The dry weight/total DNA ratios

obgerved in prawns fed Adiets with fish meal (1,1), crab meal



Fige. 17,

Biochemical cunpooit;on of prawns fed with diff-
erent protein sources, A~groundrut oil-cake,
Be-soybean meal, Cecoconut oilecake, D=gingely
oil«cake, C~all plant proteins, Fefish meal,
Gecrab meal, H-prawn meal, I-clam meal, J=-all
animal proteins, K«combination of all plant-

animal vroteins, L-purified diet.
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‘(0.9‘7), pravn meal (1,06), a mixture of plant and animal
protein sources (1,08) and purified diet (1.,18) were not
significantly Aifferent from each other,

The calcium, magnesium, and pho:phoru’s contents of
p::awnl £ram variml treatments are shown in Fig., 17, Analysis
of variance of the data showed that the calcium, magnesium and
phosphorus content of prawns are significantly (P& 0,05)
influenced by the dietary protein sources.

The calcium content was significantly (P4 0,05) less
in prams fed with gingely o0ilecake and mixture of plamt protein
sources among plant protein sourced, The highest calcium
content m recorded in prawvns fed with soybean meal (3,9%) Adiet,
which was closely followed by prawns fed with groundmut oil-
cake (3,8%) and cocomut oll-cake (3,5%) in the diets,

In the case of animal protein sources, no significant
variation was observed between treatments, excepting prawns
fed with clam meal diet which had significantly (P<£ 0,05)
lower calcium content than prawns fed with other animal
protein sources in diets, Calecium content in prawns fed on
diets with animal proteins socurces was relatively higher than
those fed on vlant protein sources in the diets, Prawns fed
on diet with a mixture of plant and animal protein sources
had signiZicantly (P< 0,05) lower calcium content (3.4%)

than prawns from most other treatments. In the case of
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purified diet fed prawns,the calcium content (3,7%) was
significantly (P< 0,05) higher than their counter_parts fed
on diets containing most plant protein sources and clam meal,

Frawns fed on diets with gingely oil-cake, crad meal,
mixture of animal protein scurces and mixture of plant and
animu protein sources showed significant (P (0.05) variations
in the magnesium content with that of prawns fed on diets with
other protein sources, In the case of animal protein sources,
only prawns fed with fish meal (0,65%) in the diet had
significantly (P4{ 0,05) higher magnesium than prawns fram

other treatments,

The phosphorus content of prawns fed with coconmut oile
cake (0,84%) and gingely oilecake {0,85%) in the diets were
significantly (P {0,05) lower than that in prawns fed with
other dietzry protein socurces in which the phosphorus content
varied between 0,91 and 1,04%, Amongst, the animal protein
sources diets fed prawns, the phosphorus content was relatively
higher in prawns fed on the diet containing a mixture of animal
protein sources (1.22%), 1In all other dietary protein sources
fed prawns, the phosphorus content ranged between 0,91 and
1,04%,

Ammonia Excretion Ratess

Anmonia excretion rates of prawns (Fig. 18) was also
significantly (P < 0,01) influenced by the dietary protein



Fig, 18,

Ammonia concentration in seawater and ammonia
excretion rate in prawns fed different protein
lodrces. A=groundnut oile-cake, Be-soybean meal,
Cecoconut oilecake, Degingely oil-cake,E-all
plant proteins, F-fish meal, Ge-crab meal, He
pravm meal, I-clam meal, J=-all animal proteins,
Kecanbination of all plant-animal proteins,
Lepuirified diet,
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source, Zcitmificant (P 0,08) treatment Aiffercnces were
observed in the ammonia excretion rates between prawns fed
diets with cocomut oil-cake, gingely ofilecake, mixture of
plant protein sources and fish meal with that of prawvas fed
diets with other dletary protoin sources, Among prawns fed
diets with plant protein sources, the mmmonia excretion rate
was highe;t with gingely oilcake (0,148 mg/ ¢ prawn/day) and
lowest with ground nut oile-cake (0,0697 mg/ ¢ prnn/dly).

The prawns fed on diets with animal protein sources
excoreted less asmonia when compered to many of the prawn
groups fed on diets with plant protein sources with the
exception of fish meal diet. The lowest rate of smmonia

excretion (C,061 mg/ ¢ prawn/day) was recorded in prawns fed
on the diet with a mixture of animal protein sources, On the
other hand, amonia excretion rates observed in prawns fed on
diets with a combination of plant and animal protein sources
(0,081 mg/ g prawn/day) and purified diets (0,082 mg/ ¢
pfewm/day) were almost equal,

OBSERVATIONS

During the 30 days of experimentation, cbservations
wvere also made__ on noLiting. food intake, behaviour towards

light and external morphology of prawns,
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Medtdng

Observations were made on the incidence of occurrence
of exuvias and post-molé deaths during.the experimental study
and the data are shown in Table 10,

The number of exuviae collected in 30 days, from
trcatments with soybean meal, prawn meal, crgb meal and a

mixture of animal protein sources (31~32 nos) were hicher

than that of other treatments, Treatments with cocorut oil-
cake, agingely oilecike, and mixture of plant protein sources

had relatively less number of exuvias (18-19 nos), The numbcr
of exuvize given in the Table 10 are appatent, bacause at
times fresh exuviae were devoured by cohaditing non-molted
prawns in the night, before the ccllection could be dene on

the following morning.

Post-molt deaths (Table 1C) usually occurred due to a
number of factors, but primarily as a result of devouring ot
fresnly molted animals by coipnaniturs. Post-molt deaths wers
simnificantly hicher in the case of prawn groups fed on diets
with plert prctein sources, with the exception of soybean meal,

than prawn groups fel on diets with animal protein sources or
the purifiecd diet, During the £first two weeks there was not

much variation in the occurrence Of posta-molt Jeatns betwern



TABLE 10: OBSERVATIONS IN PRAWNS FED WITH DIFFERENT
EXPERIMENTAL DIETS

Diet Protein Source Mean nos of Mean nos,of Texture
molts reco- postemolt of the
vered deaths body

A Ground nut Oilecake 26 4 H
B Soyabean Meal 30 6 H
c Coconut Oil-cake 18 14 SO
D Gingely Cil-cake 19 10 SO
E Mixture of Plant

protein source 18 10 H
P Fish ileal 23 8 H
G Crab !leal 31 8 H
H Prawm il'eal 31 5 H
I Clam Meal 27 11 H
J Mixture of Animal

protein socurce 32 4 H
K Mixture of Plant=Animal

protein sources 22 10 H
L Purifi~-d Diets 27 8 H

H « hard, 50 - soft
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the treatments, Howaver, from the third week onwards post-molt
deaths were higher in the case of prawn groups fed on diets
with gingely oil-cake, mixture of plant and animal proteins
sources, coconut oilecake and clam meal, In all other

treatments, post-moll deaths were relatively less,

Zood Inkake:s

During the first week of the experiment, no variation
in the feed intake was observed between the treatments and the
food offered was almost completely ingested by the animals,
From the 2nd woeek onwards, food intake was observed to be
less in the prawn groups fed on diets with coconutoil-cake,

A reduction in food intake was also observed in the third

week in the cese of prawn groups fed on diets with ground nut
oil-cgke. gincely oilecake and mixture of plant protein sources,
During the final week, before the termination of the experiment,
food intake was severely affdédcted in the case of prawn groups
fed on diets with groundnut oilecake, coconut oil-cake and
gingely oile-cake snd avprecisble amounts were seen strewn all
over the bottom of the experimental tanks., Amongst the prawn
g;:up- fod on diets with animal protein sources, reduced food
intake was observed only in clam meal fed prawns, Differences
in attractability to fe2d on introduction in the experimental
tanks could be seen clearly between prawn group fed with animal
protein sources and that of coconmut oil-cake and gingely oilecake



78

treatments. While active response of prawns was Observed
towards diets with animal protein sourcesy; the prawns fed .
with coconut oile-cake and ginqnlf-oil«-cdce. responded
passively to the introduced feed.

Behavior Toygrds Lights

When table lamp light {1925 x 1()z lux) was suddenly
direr.:/t'ed into the experimental tanks,  the prawns from various
treatments showed veriation in resnc;nses. ¥hile, the prawns
in the treatments fed with animal protein sources resvon-ed
actively to the light, prawnsg fec with plant protein sources,
with the exception of soybean meal, showed passive response,
The most active and agitated movements vere shown by prawns
fed on the diet with crab meal, With pur%fied dlet, the

responnes of prawns towards light were normal,

Exterpal Morphology:

The prawns fed on soybean meal, crsb meal, clam meal
and purified diets had dense brownish-black spots on the
rostzum and abdominal rsgion., Rowever, in prawms from other
treatments the spots were distributed sparsely on the body

and the roatrum, .

Tha prawns fed on clam meal and mixture of animal
protein socurces had greenish color gut, Tnis green coloration
of the gut may be due to the presence of aljal cells that was

eaten by the molluscs earlier, The hepatopancreas were found
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to be diffused in form in most of the prawns fed on diets with
most of the plant protein sources and a mixture of rlant and
animal protein sourcesy whereas the hep-:topancreas was campact
in all the prawns fed on diets with animal protein sources

and soybean meal,

DISCUSSION

Different sundry protein socurces of plant and animal
originchave been widely tested for their biolocical values, to
identify cheap protein sources for formulation of practical
diets for prawn culture (New, 1976a), In the presemt study
also few locally available protein socurces were tested for
their matritional quality for éarly Juveniles of Penaeug indicus
based on the survival, growth, food conversion ratio (FCR),
protein efficiency ratio (PER), specific food consumption(SFrc),
body composition and ammonia excretion rates in prawns, These
parameters were also employed by few other authors to test the
biological value of protein sources, when used in the 4iets of
various penaeids and palaemonids (Balags and Ross, 1976p New,1976),

However, results from d4fferent experimental atudiei
are not easily comparable, since the percentages of various
protein sources added to the diets varied fram species to
species (Andrews et al.., 1972), Also,other factors such as
envirommental parameters used for the study, type of species

selected, 1its age, size and its dietary protein requirements
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significantly influence the results (New, 1976a;Maguire, 1980),

Most plant proteins have been shown to yield poor growth
rates in prawns, when used individually, excepting a few like
soybean meal (Kanazawa et al., 19705 Sick and Andrews, 1973y
Millikin gt al.. 1980y Maguire and Hume, 1982),wheat gluten
(Forster and Gabbott, 1971; Desﬁimaru and Shigueno, 1972) and
peanut meal (Lee, 1970 Sick gt gl., 1972; Forster and Beard,
1973y Balezs and Ross, 1976; Balazs et 3l., 1973). The improved
growth rates produced by some of the plant protein sources
have been attributed to their hicher pdlysaccharide contents
compared to monosaccharides (Forster and Gabhot, 1971;
Kitabayashi et al., 1971ay Andrews et al., 1972y Sick amd
Andrews, 1973), These plant protein sources have also been
observed to nromote superior growth rates when mixed with animal

protein sources (Lee, 1970),

In the present study with early juveniles of P, jndicus,
soybean meal diet fed prawns were found to grow best, and
convert the ingested food and protein more efficiently into
tissues; amongst the plant protein sources tested, Though,
the survival rate was only 80%, compared to ground nut oilecake,
which gave a survival rate of 86,7%, the difference observed in
the survival rate was not significant, Studies of Kanazawa
at 3., (1970) 4in B, japonicug and Sick end Andrews (1973) in
P. duoraruym have also shown that soybean meal is nutritionally
superior among plant protein sources, These results indicate

that the amino acids profile of soybean meal may almost satisfy
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the requirement of prawns. This is further supported by the
cbservations of Deshimaru and Shicueno (1972) that the amine
acids profile of soybean meal resembles that of prawns to a
large degree, Although ground nut oil-cake cave the highest
survival, the growth, fodd conversion and protein efficiency
ratios were relatively less than thaf of soybean meal, The
differences between these two protein sources can be primarily
attributed to the differences in their amino acids pattern.
Bure (1948) reported relatively higher levels of lysine and
threonine in the soybean meal compared to groundnut oil-cake.
Eut. these two amino acids have been shown to be essential for

growth in prawns (Cowey and Forster, 1971; Shewbart gt al.,1972),

Similarly, poor growth in prawns fed on diets with
coconut oilecake and gingely oil«cake can be attributed to the
poor amino acids profile in these ingredients, and according to
Swvaminathan (1967) partial deficiency of any one EAA affects
adversely the utilization of proteins for the maintenance of

nitrogen equilibrium and growth,

Besides the amino acids pattern, poor growth obtained
in prawns fed with cocomut oil-cake, gingely oileceke and also
to scme extent in ground nut oile-cake, compared to soybean meal,
could be because of raelatively higher levels of unavailable
carbechydrates, such as cellulose, hemi-cellulose, gums and
pectins in the cell walls in these sources, which are not acted

upon by the digestive enzymes and excreted mainly through the
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faeces (Swaminathan, 1967), Besides, certain CAA present in
the protein may not be fully ieloaned after digestion,as well
as the rate of release of Aifferent amino acids during

digestion varies from protein to protein (Swaminathan, 1967),
All these conditional availability of dietary nutrients might
have influenced the growth and utilization of food in prawns,

Amonyst, the biochemical parsmeters studied, the
moisture and lipid content 4n prawns fed on cdiets containing
different plant protein sources, did not show any significant
variation between themselves, which suggests that possibly
these dietary protein sources do not have any significant
influence on these parameters, On the other hand, major
dif ferences were observed in the ash, protein and to some extent
in the carbohydrate content of prawns, Prawns fed on the diet
containing coconut oilecake had higher levels of ash, probably
due to the higher levels of calcium and maonesium, especially
the latter, which was highest, among the four protein sources
tested, Pravns from other treatments had almost same ash
content (excepting gingely oil-cake fed prawns) and correspond-
ingly the calcium, magnesium and phosvhorus contents did not
vary significantly, indicating that the utilization of these
minerals are not affected by the dietary protein sources.
However, when compared to animal protein sources, prawns fed
on diets with plant protein sources, recorded lower phosphovus,
levels, This can be expected since, major part of phosphorus
in plant products is bound to phytic acid (Lall, 1978) which
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is usually found unlvailable'to animals due to the absence

of the enzyme phytase (Muir and Roberts, 1982),

In the coconut oil-cake fed prawns, the protein content
wasg significantly lower than prawns fed on diets containing the
other thres protein sources. This together with the low PER
values indicates that dietary protein is poorly converted
into tissue protein in prawns., In all other protéin sources
fed prawns, no significant variation was observed in the
protein content and the PER values were found to be higher,
indicating that dietary proteins are efficiently converted

into tissue proteins,

The RNA content of a wide variety or organisms has been
related to growth rate (Sutcliffe, 1970) and the RNA/DNA
r;tio has been widely used as an indicator of the potential
future growth rate of a population (Buckley, 1979a). While,
higher RNADNA ratio suggests faster growth rate, lower
RNADNA ratio indicates slower grewth rate (Zuckley, 1979b).
Correlations between RNA goncentrations or NA=-DNA ratios and
growth rate for a wide variety of organisms (Vennell and
Magasanik, 1962y Bulow, 19707 Cutcliffe, 1970) have shown
that RNA concentration will vary much in fast growing
indivicduals and those undergoing high protein synthesis
(Brachet, 1955y Leslie, 19355). However, in the preasent study
by comparing the protein content and the RNADNA ratio in
these plant protein sources diet fed prawns, no gpecific

could
conclusions be drawn because of the fluctuating values in the
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protein content and the RNA-DNA ratios in various treatments,
Similar observations were also reported in Crancen grangon
(Regnault, 1977), However, from the ammonia excretion rates,
it is evident that soybean meal and ground nut oilecake are
more efficiently utilized for tissue growth with relatively low
rates of catabolism of protein, On the contrary, coconut oile
cake and gingely oil=cake are poorly utilizéd for tissue
synthesig, since the ammonia excreticn rates were high due

to catabolism of the proteins, Thus, groundnut oilecake and
soybean meal secem tO be batter protein sources for prawns when

compared to other plant protein socurcese,

One of the earliest compounded rations for shrimps was
that of Kanazawa gt al. (1970) for P. iapopicus using silkworm,
chinoock salmon, and brine shrimp as protein sources., Subsequently,
Shigueno gt al. (1972) have shown that high levels of protein
cbtained fram several protein sources such as squid meal, white
fish meal, dried esuphausia and active sludge are more efficient
‘than low protein levels, Thus, these studies led to the
identification of animal protein sources that can be effieiently
used for formulation of feeds for prawns, Among animal protein
ingredignt sources, proteins of marine origin are preferred to
freshwater origin not only due to their amino acids profile but
also due to their better composition of unsaturated fatty
acids (Cowey and Sargent, 1972) essential for nrawns, as well
as higher ash content (Boghen and Castell, 1931),
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Amongst the animal dietary protein socurces tested in the
present study, shrimp meal fed prawns showed highest survival
rate and gain in dry weight, Sick and Andrews (1973) also
obtained higher survival in P, duorgrum fed on a diet with
shrimp meal, Camparativel&. on peroent gain in wet weight
basis, prawns fed with fish meal and crab mcal in the diets
showed hicher pereent gain tﬁan those fed on diet with shrimp
meal, Howover on dry weight basis fish meal ciet fed prawns
recorded lower percent gain than those fed on ciets with crab
meal and shrimp meal, These variations in percent gain in dry
weight and wet weight in prawns could be well correlated with
the sicnificant variations in the moisture content of prawns,
The improved growth (dry weight basis) in prawn meal diet fed
pr&una indicates the superiority of the prawn meal as a protein
source for juvenile Bs indicuge. Earlier stadies by Forster
and Beard (1973) also indicated that shrimp meal is nutrition-
ally superior to f£ish meal in the diet of P, perratus. The
superiority of prawn meal may be because of its amino acids
profile,vhich may satisfy the nutritional demands of the
juvenile prawn, According to Deshimaru and Shigueno (1972)
only diets with an amino acids profile similer te shrimp and

rich 4in basic amino acids would produce relotively good growth,

Camparatively, clam meal fed prawns, showed poor survival
and gain in dry weight, but on wet weight basis, the growth was
highest compared to all other animal protein sources. The
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variation in dry weight and wet weight gain could, however, be
due to hich moisture content in these prawns fed with clam meal.
However, Forster snd Beard (1973) 4n Palaemopn gerratup, and
Kanazava et al. (1970) 4n P, japemicus heve cbtained highest
growth rates, with fresh musssl mantle or fresh short-necked
clam, respectively, The significant differences observed
between the present study as well as those of sarlier suthors
may be due to the form of molluscs used, since during the
present study dried and powdered clam meal was used, Prrbably,
during drying, certain essential amino acids are lost as a
result of reaction with reducing sugars and carbohy:l' eompounds
present in the diet (Swaminathan, 1967), It {s also not known
whether the clam meal utilised in the present study had any
anti-nutritional factors, Bivalves, especially clams have been
generally known to accumulate toxic camponents (Bayne, 197%5),

as well as alcae ingested by bivalves alsoc may contain compounds
which inhibit growth and affect survival, However, no attempt

has been made in this study to examine the above possibilities,

Sick and Andrews (1973) have shown high survival and
growth in P, getiferug fed on a diet with memhaden meal
campared to that of shrimp meal where the survival was low but
growth was high, However, in the present study, it was
iobsegved that crustacean meals had better influence on growth
and survival of prawns compared to f'iah meal and other animal

protein source,
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Significant differences observed in the SFC, FCR and PER
between the various animal protein sources could be accounted
for the vaviations in acceptability of feed, digestion and
assimilation rates, depending upon the protein make up of the
source, Jhrimp meal may be accepted better than the other
three diets because of the amino acids profile which may, to
2 greater extent, meat the recuirements of prawms. (Deshimaru

and Shigeuno, 1972),

The biochemical composition of the prawns showed significant
differences between treatments in many of the parameters
considered, Significantly. prawns fed on the diet with cradb
meal had very low ash content, inspite of relatively high
percentage of ash in the crab mcal, Probably, ash from crab
meal is not efficiently assimilated, and daposited in tissues
of the prawn, On the other hand, clam meal fed prawns had
iaignificantiy higher ash content than prawns fed on other
animal) protein sources fed prawns,may be due toc delayed molting,
\vhich was similar to the observations in crebs fed on diets
with higher salt content (Ponat and Adelung, 1980), These
differences were, however, found to be reversed, wvhen the
calcium and phosphorus contents in prawns were considered,
Prawns fed with clam meal had significantly lower calcium and
phosphorus levels compared to those fed on diets with f£ish
meal, crab meal and shrimp meal which indicates that calcium

and phosphorus metabolism are perhaps affected in these prawns,
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resulting in high mortality rate (New, 19760), especially
during poste-molt stages,

Prams fed on diets with fish meal and crab meal had
significantly higher protein content compared to those fed on
diets containing shrimp meal or clam meal, Howewver, these
variations in the protein content of prawns could be due to the
variation existing in the levels of other organie and inorganic
matter present in the tissues, It is alse possible that the
presence of certain amino acids in higher dosages in the fish
protein might have influenced the protein content in these
prawns as suggested by Cowey and Forster (1971)., 1In Cplamys
finmarchicug, Cowey and Corner (1963) reported that dietary
concentration of non~essential as well as essential amino
acids affect metabolic performances, So possibly, variations
in the concentration of non-EAA and EAA in different animal
protein sources could have brought about metabolic changes

resulting in variability in the digestion of varicus constituents.

The prawvns fed with crustacean meals in diets accumulated
high levels of lipids, indicating that the nutritional demands
for various unsatureted fatty acids are met by feeding
crustacean meal, as they contain the sawe profile of unsaturated
fatty acids which the fish meal and clam meal may be lacking
(Sicx and Andrews, 1973y New, 19760). However, the carbohydrate
content in prawns was observed to be not sionificantly

influenced by the different animal protein sources,
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The 3§a/DNA ratic shows same correlation with the protein
content of prawns, Fish meal diet fed prawns had relatively hig!
protein content and RNA-DNA ratio, indicating efficient protein
synthesig in these prawns, Conversely, clam meal diet fed prawns
had low protein content and RNA-DNA ratio, which ars reflected

on poor growth and survival,

The efficiency of protein metabolism in prawns is evident
from the ammonia excretion rates., The high level of protein
metakolisn as observed in fish meal fed prawns was reflected in
the hich ammonia excretion rates indicating the catabolism of
excesé dietary protein, However, the ammonia excretion rates
observed in prawns fed with crustacean meale, suggests that the
feed is efficiently utilized for maximum growth with the minimum

catabolism,

Earlier studies in crustaceans (Shewbart gt al.., 1972;
Shigueno gt al., 1972; Conklin gt al., 1978y Ponat and Adelung,
1980) hzve shown that diets containing a mixture of protein
sources, significantly influence growth in prawns, Invariably,
a mixture of ﬁlant and animal protein sources are used in the
diets (New, 1976a), with relatively lesser quantities of plant
protein sources than animal protein sources, Nelson ¢t 8l..
(1977b) showed that the assimilation rates of juvenile prawns,
M, rosenbergii *ed on mixed diet were low compared to the
animal diet fed prawns, but hicher than prawns fed on only

plant diets,
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According to Deshimaru and Shigueno (1972),only diets
with an essential sminc acids profile similar to shrimp and rich
in basic smino acids would produce relatively good growth,
However, mixing two or more protein sources in the diets, should
enhance the growth in prawns, since deficient amino acids in one
protein may be compensated through the amino acids present in
the other protein,

Thus, inspite of these conflictincg results about the
nutritive value of animal and nlant protein sources in the diet,
Penucci and Zein-Eldin (1976) speculated that a number of other
nutritional factors synergistically influence the results in the
same s-ecles itself., These interactions of varicus dietary
components, sometimes effect the quality Q?tthe feed as a result
of toxicity or unpalatability (Zein-Eldin and Corliés, 1976) .
Thus, variocus ingredients should be included in correct propo-
rtions s0 as to obtain better growth rate and survival of

penaeld prawns,

In the present study in P, ipndicus, the diet containing
mixture of animal protein sources gave significantly higher
survival rate and growth than all other protein sources indicat
ing that the mixture of dnimal protein sources is better suited

for the diet ¢of juvenile prawns,

However, data indicates that prawns can be fed on a di¢
containing & mixture of animal and plant protein scurces witho

adversely affecting growthy but diets containing only plant
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protein sources induce growth retardation, Besides the imbalance
of essential aminoacids, the low survival and retarded growth in
prawns fed exclusively on plant proteins, can be due 0 the pre-
sence ofﬁ,ntinut;;ggqygl-tactor- or exness use of some impalatable
1ngrediea£i in the d4iet resulting in reduced food intake, In

P. azatecus, when different levels of rice bran, in place of
soybecan meal, was used (Zein-Eldin and Corliss 1976), the food

intake was greatly reduced resulting in reduced growth rate,

Even thouch mixed plant~animal protein sources diet produced
lower survival and growth rates, the efficiency of conversion
of food and protein wasg superior to that of diet containing
mixture of all animal protein sources. tHowever, if omly plant
protein andéd no animal protein scurce was inciuded in the diet,
the 3SrC, FCR and PER values were simnificantly effected suggest-
ing that plant proteins sources are nutritionally inadequate
for prawns, Similar observations were made in fish-s where
complete renlacement of fiush meal with soybzan meal resulted in
poor growth anéd higher cost of feed as a result of supplemente
ation of aminc acids and oii (Viola gt al., 1981/ 1982; Kim
2t 3l. 1984), Thus, partial replacement of animal protein
sources with plant protein scurces gives better growth than

only plant protein sources diets,

Significant variations were observed for all the biochemica
paraneters studied, except for carbohydrate content in prawns fed
with the three types of diet containing a mixture of protein

sources, This clearly suggests that the prawns show variation
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in their body compcsition depending on the quality of protein
sources in the diets, The low lipid content in prawns fed
with animal protein sources may be dus to faster mobilisation
of 14pid for energy purpose, sparing protein resulting in
higher growth and survival in thase prawns, On the otber han,
lower 1lipid deposition in plant proteins fed prawns may be as ¢
regult of 1nhlb1gory effect of highef levels of fatty acids of
W6 (linoleic) series which have inhibitory effect on growth of

animals when in excess(Cowey and Sargent, 1972).

The moisture, ash and magnesium contents were relatively
higher in prawns fed on diet with a mixture of plant protein
sources than the other groups. However, insnite of high ash
content in these plant protein fed prawns, the calecium content
was relatively low. -+his suggests that thc high incidence of
post-molt deaths could have occurred dus to some changes in

calcium metabolism in these prawns,

Data for protein content shows that wnrawns show prefer-
ence to animal protein sources compared to plant protein sources
for maximum protein synthesis, Since the cquality of protein and
its amino acids profile determine the growth and devosition of
protein (Cowsy and Forster, 1971; Deshimaru ané Shigueno,1972),
it can be expected that the animal protein socurces, when
included in the diet, promote higher growth rate and protein
deposition, because of their superior biological value. The
inc¥eased rate of protein synthesis was also evident from the

higher RNA~DNA ratio in prawms fed with animal protein sources,
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However, prawns fed diets with a mixture of plant and animal
protein sources showed higher protein econtent and lower
ammonia excretion rates, than other treatments, indicating
that this protein source was not indiscrimirately catsboliged
by the prawns unlike those fed on diets containing plant
protein sources which had lowr protein content and higher

smwnonia excretion rates,

In recent years, casein is widely used, as a reference
protein source in the diets, (Castell gt al., 1978, 1976) as
it 1is the only highly purified protein source available in
enough quantities to carry ocut nutritional studies. Inspite
of its deficiency in some EAA(Palakas gt al., 1979, Mason and
Castell, 1980), nutritional studies in prawn are still designed
mainly using casein (Castell gt al., 197%, 1976)., Deshimaru
and Kuroki (1974c, 1975a, Db) shoﬁed that casein and eggealbumin
mixture of 10:1 yields good growth in P, japonicug. Similarly,
casein when supplemented with mineral mixture, gave good qgrowth
in P, azetecus (Sick, gt al., 1972), Kanarzawa gt al. (1970)

showed that supplementation of daolesterolla:‘imm mixture
influence growth when casein was s30lo protein source in the
diet, In the present study too, casein based protein diet was
formulated, fortified with ingredients such as cholesterol,
lecithin, mineral mixture and vitamin mixture as suggested by
other authors and fed to juveniles of P, indicup, However, the

purified diet containing casein produced relatively low survival
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rate, which was comparable to that recorded for diets with
coconut oll-cake, mixture of plant protein socurces, clam meal
and mixture of plant-animal protein sources; eventhough the
crude protein content was high in the purified dies, 8ick
and Andrews (1973) also reported relatively lower survival
rates in P. gduorarum with casein based diet. But én the
other hand, mixture of animal protein sources showed supericr
growth to that of purified diet inspite of lower crude protein
content in the diet, However, this superior gxowth in these
prawns could have been due to othexr nutritional factors present
in the natural feed ingredients which influence the growth

significantly,

Despite The low survival, the purified diet was efficiently
assimilated by the prawns, However, the survival can be improved
through inclusion of more quantity of lecithin in the dlet as
suﬁgested by Boghen and Castell (1980), According to Kanagawa
gt al. (1970), Sick gt al. (1972), Deshimaru and Kurcki (1974a),
Pona€ and Xlelung (1980), supvlementation of casein with certain
other ingredients in small amounts is necessary for better growth

of pravns. Thus, the efficient assimilation rate in these
purified diet fed prawns, as indicated by the low 8FC, FCR and
high PER values, suggests that the purified diet has hidh
palatability which resulted in efficiemnt conversion of dietary
proteins for tissue growth and protein and lipid synthesis,
Earlier studirs also demonstrsted, the accumulation of high
levels of lipid in prawns and lobsters fed on purified diets
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(Brockernoff and Hoyle, 1967; Stewart gt ales 1972; Mauviot
and Castell. 1976; Ando u “.. 1977).

CONCLUSIONS

In the present study, different plant and animal protein
ingredient sources were tested for their nutritional qualities
for juvenile P. igdicug. Among the plant protedin sources,
soybean mcal and ground nut oil-cake and among animal protein
sources, a mixture of animal protein sources, shrimp meal and
crab meal were found to be better for feed formulation than
other prctein socurces, However, by manipulating the ratio of
ingredients it may be possible to obtain better growth with

tther combinations,

Fish meal was found to be not very suitable for juvenile
prawns, even when the protein congent in prawns was highest,
Clam meal in the present study was also less successful because
of poor survival, low growth and protein content in prawns,

The poor performance can b~ attributed to the reduction in.
food value due to drying.

Among plant protein sources, soybean meal and groundmut
oilecake served efficiently as protein source by promoting
growth of prawn, Between the two, soybean meal gave high
survival and growth rate equivalent tc the animal protein
sources tested showing that the mutritional demands of prawns
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for smino acids were mostly met, even thouch lysine and
methionine content are low (Swaminathan, 1967), Thus, in
comnercial dietary formulation soybean meal can successfull:
replace fish meal (Viola gt al., 1981/82), Besides, the
content of arginine, one of the essential amino acids, is very
high in soybean meal (Swaminathan, 1967), 4round nmut oidecake
can also be used in lieu of soybean meal because the results
show that 1% haa good potential as that of sovbean meal,to
produce better growth rates, Though the levels of lysine,
threonine and methionine in ground nut oilecake (Bwaminathan,
1967) are low,it can be used as an ingredient for formulation
of practical diets along with animal protein scurces.

In the present study on P. indicus juveniles, there was
no significant Adifference in survival, gein in weight,protein
content, lipid, ash, calcinm and phosphorus contents in prewns
between shcimp meal diet and soybean meal diet as protein
sources, Thus, soybean meal is as effective as shrimp meal,
as protein ;;;fcgnﬁpr prawns, So, soybean mcal can effectively

replace shrimp meal or can be used in proportions with shrimp

muc

As the present study highlights, though the casein
based purified diet serves as good protein source, which was
alsoc observed by D'Abramo gt al., (1981) in lobsters, yvet it

needs same mocification so as to enhance the poor survival
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rate recorded. The survival rate recorded in other treatments fed
with different protein sources were comparatively higher, since the
ingredients were not purified before formulating the 4diet, It is
alao probable that growth promoting substances present in natural
food ingredients cculd have influenced higher survival rate, For
this reason dietary studies in prams and other crvystaceans are
uncomparable because of numerous factors which are overlooked hy
prawn nutritionists of which the type and form of protein source
used in the diet has a dominant role (Zein-fldin and Meyers, 1973;

New, 197€a).

Poor growth rates in prawns fed with purified diets were
also recorded by number of researchers cdue to inadequate proportion
of dietary nutrlents supplementation such as minerals and vitamins,
However, minerals are abundant in sea water (Shewbart gt 3l.,1973)
axcepting for phosphorus, which needs to be supplemented because
prawns require higher cuantities (New, 1976a). Yet, in the present
study minerals have been added in adecuate levels to avoid dietary
mincral deficiency. ©On the other hand, vitamins supblcmentation
in the purified diet is essential as the vitamins can only be
derived by the animals from the diet, ljowever, vitamins supple-
mentation has to be done cautiously in compounded feeds as the
vitamins already present in ingredients may add to the supple=

mented, leadinc to hypervitaminosis (New, 1976a).

S50 the present study suggests that mu}tiprote;n diets
are fruitful for the overall growth of juvenile prawns and that
casein based puyrified diet can serve ably as a reference protein

source diet for various basic nutritional studies in prawns,



CHAPTER-III

EFFECTS OF DELETION OF WATER
SOLUBLE VITAMINS FROM THE DIETS
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INTRODUCTION

The importance of vitamins as essential constituents
in the diets of animals came to licht in the early part of this
century and during the past five decades active and rapid
progress in vitamin research was made, almost in all the
commercially important species, However, vitamin research is
still in its infancy in aquatic species, especially in

crustaceans,

Studies on the essentiality and requirements of
vitamins suffer from different maladies, unlike other dietary
nutrient requirement studies, In vitamin studiecs, requirements
in animals cannot be establighed on the basis of vitamin expen-
diture or vitamin bhlmcos, because the end products of
vitamin metabolism include not only the vitamins themselves
and their kncwn dexrivatives but also quite probably unknown
metabolites (Mit:chell, 1964), Again, the rate of depletion
of the body stores of a vitamin i3 not a reliable basis for
computing the daily requirements (Baumann gt al., 1934y Frey
and Jansen, 1947), Soame of these practical difficulties led
to the slow progress in vitamin research, Till date, all the
studies are based on the prophylactic or curative procedures,
The minimum dosage recommended is based on the fact, 80 as to
prevent or cure some incipient symptoms of deficlency of the

specific vitamin in question,
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Vitamin requirements of animal species 41 also much
dependant on their 'Physiological State' besides the influence
of other dietary nutritional factors which mav be synergistic
or antagonistic (Frasier and Friedemann, 1946), Age, sise,
sex, svecieg, food intake and calorie intake were found to
influence the vitamin requirements of animal groups (Beaton

et al. 1952).

Studies have shown that most of the B vitamins « thiesmine,
riboflavin, niaein, pyridoxine, pantothenic acid, biotin,
q"anocobalmine and, folic acid, are essential nutritional
/fact\oz:) and are required in microcuantities in the diets,
;c/:ther nutritionally essential water soluble vitamins are
choline, inositol and ascorbic acid, which are required in

appreciably high dosages compared <o the former group.

While contributions to vitsmin requirement research
from mamals and poultry are numerous (Mitchell, 1964),
contributions from acuatic species are relatively less and
mostly came from studies with finfish (Cowey and Sargent,
1972, Halver, 1972, 1978, 1982y Lovell and Li, 1978,
Mshajan and Agrawal, 1979, 1980ay Millikin, 1982), In
recent years, active research has bedn in procress on the
vitamin requirements of crustaceans, becmuse of their growing
commercial importance {Deshimaru and Kurocki, 1976b, 1979:
Guary et 3le., 1976y Kanazawa et al., 1976; Deshimaru and Yone,
1978y Hunter gt gl., 1979, D'Abramo and Baum, 1981, D'Abramo
at al.. 1982; Heinen, 1984), However, the major contributions
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to vitamin requirements of prawns came from studies with ascorbic
acid and vitamin A, and only mcagre information exist on the
requirements of other vitamins (New, 1976), (ecent studies have
shown conflicting results as to the requirement of vitamins in
various crustacean species., Whils most penaeids were found to
require vitamin C in their diets (Kitabayashi gt al.., 1971 b
Guary gt al.. 1976 Kanasawa gt al., 1976; Lightner gt al.. 1977,
1979; Magarelll gt al., . 1979; Heinan, 1984), Artemia,
Moina, and iiomarus americanug have been reported to have no
requirement for vitemin C(Conklin and Provasoli 1977; Heinen,
1984), Most of the B Vitemins have also been reported to be
essential in the diets of most crustacemns and the quantiative
requirements significantly vary among the various species
studied,

Vitamin requirement studies are difficult in crustaceans
because of the influence of a3 number of factors, of which mg&ting
in crustaceans, and leaching of vitamins fron diets into the
Fulture medium ars very important, Besides these, contributions
from the microbial flora present in the gut may also complicate
the vitanin requirement studies. It has also Leen observed that
vitamins and their precursors, since already present in the raw
materials, ‘SBlanket Applications’ of vitamin premixes in multie
ingredient shrimp diets may result in some excesses (New, 1976),
Conversely, as the vitamin requirements of shrimps remain unknown,
formulated diets may still be deficient in other vitaming even

after supplementation, For instance Oregon salmon vitamin mixture
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when administered to the prawn, ¥alagmon m;_m (Forster and
Beard, 1973) in a multi-ingredient diet, no advantage was
ocbserved, Thus, prior knowledge of the vitamin requirements
of prawns will be advantageous to economise the formulation
and preparation of diets and also to avoid wasteful axpenses
of some vitamins, which may be even toxic or antagonistic to
shrimps, wher supplied in e xcess,

McLaren ¢t gl.{ 1947b) developed a vitamin test diet
containing crystalline vitamins, casein, dextrin and oils with
crab meal or dried liver as the source for th: antianemic factor.
Thus, these pioneer fish rmutritionists pived the wuy for vitamin
requirement studies in aquatic species and reported the qualite-
ative and cuantitative requirement of thismine, riboflavin,
pyridoxinre, pantothenic acid, inositol, biotin, folic acid,
choline and niacin for rainbow trout, These studies were based
on the fish's growth responses and food conversion, Dietary
vitamin deficiency symptoms associated with 11 water soluble
vitamins were identified in a short time in many f£infish
species using vitamin free casein in purified diets (Halver,
1957 ) Coates and Halver, 1958; Kitamura et al,, 1967)

Hashimoto g% &l.., 1970).

However, only few studies have been carried out caa the
effect of defetion of water soluble vitamins from the diet of

crustaceans, Heinen (1984) reported the symptams associated
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with the deficiency of some of the water soluble vitamins in
juveniles of the prawn, M. rosenbergiji. He reported that
supplementation of vitamins such as riboflavin, peaminobenzoic
acida (p282), cyanacobai%in and pantothenic acid in diets
resulted in reduced growth rate, compared to fast growth rate
in prawns, fed on diets deficient in these vitaming, This
reduced growth rate in vitamin supplemented diet fod prawns was
attributed to the detrimentally high concentration of vitamin
used, Heinen (1984) also reported few deficiency symptoms in
prawns associated with the amission of water soluble vitamins

from diets,

Thus, the foregoing short revwiew indicates the poucity
of information om the vitamin requirement of crustaceans. The
axisting few studies mainly relate to dietary deficiency symptoms
and in few cases, quantitative requirements of specific vitamins
have been worked out based on survival and growth, In most of
the studi~a existing, the influence of vitamins on food conversion,
protein efficiency ratio and body composition has not been worked
out. On-e the essentiality and requirement of the vitamins is
understocd, it should be possible to formulate costeeffective

diets which would promote growth rate significantly,

Moreover, there is no published information on the
essentiality or requirement ofvvarious water soluble vitamins
for E’ngggg dndicus. Therefore, the present 1nvcotigation in

early juveniles of P, indicys was taken up to understand the
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effect of water soluble vitamins on the survival, growth and to
study dietary deficiency syndromes associated with the deletion

of the vitamins from the diets,

MATERIAL AND NMNETHODS

An experimental study was conducted for 45 days in
‘triplicate aquaria using isonitrogencus and isocaloric purified
diets with vitamin free casein as protein scurce, The vater-
'soluble vitamins deleted from the diets were ascorbic acid,
r;bofllvin. choline, thismine, pyridoxine, niacin, pantothenic
acid and inositol,

‘Post-larval prawns were obtained from Narakkal Prawn
Culture Labcratory of the Central Marine Fighecries Research
Institute, for experimental study. The prawns were reared
under laboratory conditions for a period of 15-20 days till
the appropriate size for experimental study was obtained,
All conditions for rearing before and during experimental
Qtudy were similar to those preserited in earlier experiments
and described in Chapter -, Table 11 shows environmental
conditions maintained and the initial length and weight eof

the pryaams used for the study,

Dietary formulation for vitamin deficiency studies were
pased on earlier work in fishes by Halver gtal, (1957),
Supplementation of various vitemins in the prawn's diet was

also made based on earlier works in various crustacean species



TABIE 11: ENVIRONMENTAL PARAMETERS AND STOCKING SIZE
OF JUVENILE PRAWNS

Paraneter

Mean values

Temperature (°C)
Salinity (ppt)

pH

Ammonia concentration in
the water (RH4-N mg/1/4)

Initial length (mm)

Initial weight (mg)

27.7

21,1

7.54

0,0959

23,436

7549

+

i+

+

1.293

1.896

0,310

0.0181

1.2814

0.0025
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(Kanazawa et gl., 1970, 19763 Cowey and Foﬂster. 1971y Adelung
ec. o\, ,
and Ponat, 1977; Acuacop, 1978; ConklinA 1978; Bages and Sloane,

1981),

Based on the protein requirement of the species found
out in the present study (chapfermx). isonitrocenous diets
(37.5% pfotein) were used for the experimental study. Vitanin-
free casein obtained from ICN biochemicals, US2, was used as
protein scurce, Most of the other ingredients were same as thav
used for the formulation of protein requirement study at 37,.5%
level (Chapter-1); except for lecithin (phospholipid) and
vitamin mixture (Table 8). Leacithin was added at a level of
3% in the diet as it has been reported to improve the survival
rate in crustaceans (Conklin, 1980sDaAbramc gt al., 1981,
Kanazawa, 1983; Heinen, 1984), Howevar, the total 1lipid
content was maintained at 9% by adjusting with fish oil and

corn oil,

Diets deficient in each of the selected vitamins namely,
ascorbic acid, choline, thismine, pyridoxine, niacin, pantothenic
acid, riboflavin and inositol were prepared by replacing with
ecqual quantity of o -cellulose, an inert material {(Halver, 19723
Guary gt al., 19763 Deshimaru and Kuroki, 19797 Heinen, 1984),
Additionally two diets weore prepared in which one had all the
essential vitemins (control diet with fat and water soluble)
and the other had no vitamin supplementationi, Table 12 shows
the composition of diets and varicus experimental vitamin
mixtures uscd for the study,
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TABLE 12¢ COMPOSITION OF FEEDS

Contd,

Ingredient g/100 g
Casein (Vitamin-free) 39.0
Gelatin 1,0
Egg-albumin 1,0
Glucos_amine-HC1 1.0
Sucrose 6,28
Glucose 4.20
Starch 12,6
Codliver-Cil 677
Corn oil 3.38
Lecithin 3.38
Cholesterol 00.50
Sodium succinate 0,30
Sodiun citrate 0«30
Mineral mixture* 7.41
Vitamin ixture** 3.35
Agar-a~ar 2.0
Additives’ 4.5
Cellulose 4,0

TOTAL 100,97

* same as in Chapter 1 Table 3

+ same as in Chapter 2 Table 7
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The experimental diets were prepared following similar,
procedures as for the dietary protein requirement study,
(Chapter-I). However, lecithin was mixed thoroughly with the
dry powdered ingredients before mixing with the preheated
geletin=cellulose-0il mixture,

The effects of deletion of variocus vitamins fram the
diets were studied based on the parameters similar to that
considered for protein requirement study. Deficlency symptoms
observed during the experimental study were also recorded,
Data obtained from various parameters were statistically

analysed as described in Chapter 1,

REBULTS AND OBSERVATIONS

The results of the experiment conducted ¢o ascertain the

essantiality of water-soluble vitamins sre presented here,

Survivals

Survival rate (Fig. 19) was significantly (P 0,08)
influenced by the supplementation or deletion (either individu-
ally or camplete) of vitamins from the diet. Prawn groups fed
on the control diet (vitamin supplemented diet) showed
significantly (P {0,05) higher survival campared to all the
vitamin deficient diets. However, no significant (P> 0,05)
differences in survival rates were observed between prawn

groups fed on the diet with no vitamin supplenentation and those



Fig. 19.

Weekly percent survival of prawns fed diete

with and without water-soluble vitamins,

A=no vitamins, B-all vitamins,. C-ascorbic acid
deleted, D-thiamine deleted, F=choline deleted,
Fupantothenic acid deleted, Cepyridoxine deleted,
p-niacin deleted, I-riboflavin deleted, J-inositol
deleted,
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fed on diets in which individual vitamins were deleted, The
hichest survival rate (70%) was obtained by feeding the control
diet, which had all the escential vitamins and the lowest
survival (50%) was recorded in prawn groups fod with the thiamine
deficient cdlet, after 45 days of experimentation, The survival
rates obtained by feeding dize¢s deficient in all the water
soluble vitamins,pantothenic acid and niacin were not signifi-
éantly different from each other (53,3%), There were also no
significant differences among the survival ratcs of prawns fed
on diets deficient in ascorbic acid, pyridoxine, riboflavin

and inositol, However, prawns Zfed with the choline deficient
diet showed relatively higher survival rate (66,7%) than most

other treatment grours,.

Data on weekly survival rates (Fig, 19) showed relatively
higher mortality rates fram third week onwards in prawns groups
fed diets deficient in all vitamins, niacin and riboflavin.
However, prawn groupt fed on;?ciié’icient in thianina, pantothenic
acid, pyridoxine and iriositol, showed low survival rates only
fram the fourth week onwards, The mortality in other treatments

groups of prawns was however, gradual,

Growehs

Analysis of the data obtained from the experiment
showed that the diets (control as well as test diets) had
significant effect (PL0,05) on the mean percent gain in length



Fig. 20.

Percent gain in length and weight, and
total biomass (g) of prawns fed diets
with and without vater snluble vitamins,
A=no vitamins, Beall vitamine, C-ascorbic
acid deleted, T=thiamipe deleted,
Fwcholine deleted, t=pantothenic acid
deleted, Gepyridoxine deleted, He-niacin
deleted, I-riboflavin deleted, J-inositol
deleted,
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(Fige 20), The control diet gave significantly higher percent.
gein in length (98,9%) than all other diets, However, there were
no significant differsnces in the mean percent gains in length
among prawns fed on diets deficient in all the essential
vitanins (84,1%), thisaine (86X), pyridoxine (80,7%), nisecin
(88,2%), riboflavin (83%) and inositol (81,9%) and these

results were significantly highex than that obtained for prawns
fed with pantothenic acid, accorbic acid and chonline deficient
diets (75-78%), -

The mean percent gain in wet weight of prawns (Fig. 20)
obtained from various treatments showed some deviation fram that
of percent gain in length, However, the deletion or supplement-
ation of vitamin also had significant (P £ 0,05) influence om the
mean percent gain in wet weight of prawns, The prawns fed with
the control diet, containing all the essential vitamins, recorded
significantly (P {0,05) higher percent gain in wet weight than
prawns from all other groups, fed with vitamin “eficient diets,
While the niacin deficient diet gave better mean pe.cent gain
in length of prawns, the rantothenic acid deficient diet gave
relatively better mesn percent wet weight gein, Among other
treatment groups relatively, higher mean percent gain in wet
weight was obtained in prawns fed with diets deficient in choline
(492,5%), riboflavin (476,5%) and inositol (447.8%), There were
also no sicnificant differences in the mean percent wet weight

gain of prawns among diets deficient in all the essential
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vitamins (433,3%), ascorbic acid (430,3%), thiamine (428,3%)
and pyridoxine (416,8%), Although prawns fed with choline /
and ascorbic acid deficient diets had almost same mean percent
gain 4n length, there were significant differences between
them in the wet weight gains,

The mean percent gain in Adry weight of prawns (Fig. 20)
was also observe@ to ke significantly (P 0,05) influenced by
the diets, "hile prawns fed with the control diet and riboflavin
deficient diet had significantly higher dry wsight gainsg, those
fed on &iets deficient in niacin und inositcl had significantly
(P {0,05) lower mean percerit gain., The highest percent gain in
iry weight was observed in prawns fed on the riboflavin
Jeficient Adiet (475,6%) which was followed by those fed on the
control diet (461.4%), The lowest mean percent dry weight
gain was observed in prawns fed with the niacin deficient diet
(3_13."%). However, no significant differences in percent gain
in 4dry weight of prawns was observed between treatment groups
fed on Alets deficient in all the vitanins (446,9%), thiamine
(448,9%) and choline (414,7%), There were also considerable
differences between the percent gains in wt‘weight and drxy
weight of prawns -fed on diets deficient in riboflavin, inositol)
choline and thiamine, indicating the significant influence of
these diets on the dry matter content of prawns,

Specific Food Consumption (SFC)s

Specific food consumption in prawns (Fig, 21) was
significantly (P < 0,05) influenced by the diets, Prawns fed



Fig, 31, 8FC, FCR and PER for diets with and without
watersoluble vitamins, A~no vitamins, Beall
vitaminz, ~“-ascorbic acid deleted, D-tHiamine
deleted, ‘-choline deleted, F-pantothenic acid
deleted, f-’-?yridoxine deleted, H=niacin deleteqd,
I.riboflavin deleted, J=inositol deleted.
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diets deficient in all the vitamins, ascorbic acid and niacin
showed significent differences (P 0,05) in SFC with that of
other dietary treatment groups. The highest SFC was observed
in prawn groups fed on the diet deficient in all the vitamins
(3.84%), which was closely followed by the prawn groups fed on
the niacin deficient diet (3,61%), On 'the other hand, lowest
SPFC was recorded in_ prawn groups fed on the choline deficient
diet (1,64%), which was followed by prawns fed with the control
diet containinqul the essential vitamins (1.86%),

Food Conversion Ratio (FCR)s

Food conversion ratio recorded fram various treatments
are shown in rig, 21, Analysis of variance of the data gave a
'FP' value which was significant (P £0,05) indicating that the
diets fed to-the prawns significantly affect I'CR, Prawn groups
fed on the niacin deficient diet gave the hishest FCR (1,29),
which was followed by those fed on the diet deficient in all
the vitamins (1,09), The FCRs reccrded from the above two
groups were significantly (F<{0,05) higher than that recorded
in other groups, The FCRs recorded for prawn groups fed on the
ascorbic acid deficient diet (0,72) and the diet containing all
the vitamins (0,77) were significantly (P<{0,05) lower than
that of other groups, However, no significant treatment
differences could be observed in the FCRs between prawn groups
fed on diets deficient in thiamine (0,91), choline (0,81),
pantothenic acid (0.92), pyridoxine (0.8%), riboflavin (0,93)
and inositol (0,87),



110
Protein Efficiengy Ratio (PER):

Protein efficiency ratios (Fig, 21) were significantly
(r £0,08) influenced by the diets, In ulmost all treatment
qroups, the Pﬁn values were cbserved to shov an inverse trend
with that of the FCR values, Prawns fed on the diet containing
all the vitamins recorded the highest PER value (4,12) which
was followed by pruwns fed on the ascorbic acid (3,78) and
pantothenic acid (3,72) deficient dietny and these PER values
were significantly (P 0,0%) higher than that recorded frem
other treatment groups., £imilarly, prawns fed on the niacin
degicient cdiet (2,13) recorded the lowest PER, However, there
wvere no significant differences in the PER recorded among prawn
groups fed on diets deficient in thiamine (3,09), choline (3,13),
riboflavin (2.97) and inositol (3,19),

Riochemioal Composition’

‘The data on moistufg. ash, protein, lipid and carbohydrate
contents of prawn:'frcmearicus treatments are shown in Fig, 22,
Analysis of variance of the data showed that the diets had
significant (P <0,05) influence on the moisture and carbohydrate
contents and hichly significant (P< 0,01) effect on the protein,

1ipid and ash contents,

The prawns fed on the choline deficient diet had the
highest moisture content (79,2%) and showed sirmificant (P< 0,08)
differences with most other treatments, The lowest moisture



Fige. 22,

Biochemical composition of prawns fed diets
with or without water~soluble vitamins
A=no vitamins, B«all vitamins, Ceasoorbic
acild deleted, D=thiamine deleted, E=choline
deleted, :-pantothenic acid deleted,
Gepyricoxine deleted, H-niacin deleted,
I-riboflavin deleted, J=-inositol deleted,
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content was recorded in prawns fed with the ascorhic acid
déficient diet (74.4%). Among the treatment groups, prawns
fed on diets deficlent in thianine (21,5%) and choline (22,3%)
had significantly (P< 0,05) higher ash contents, Similarly,
the ash contents of prawn ted\ on diets deficient in ascorbic
acid (16,3%) and niacin (16,5%) were significantly lower than

all other croups of prawns,

The protein content in prawns fed on diets deficient in
ascorbic acid (62%) und choline (62%) were cignificantly (P<0,05)
higher than that of ail other groups, However, there were no
significant differences in the protein content among groups of
prawns fed diets deficient in pyridoxine, riboflavin, inositol,
thiamine pantothenic acid, Relatively higher protein content
was recorded in prawns fed on diets deficient in all the
essential vitamins (59%), niacin (59%) and@ the control diet(60%),

The total lipid content of prawns was alsc significantly
(P<0,01) influenced by the dietary treatments, The lipiad
contents of prawns fed on diets deficient in riboflavin which
had the highest total 1lipid content (22,2%) and inositol(20.4%)
were significantly (P < 0,05) higher than that of other groups.
The lowest lipid content was recorded in prawns fed with the
choline deficient diet (10,1%), which was followed by those
£fé4 on dlet deficient in all the vitamins (13,7%¥), In most
of the other treatment groups of pruwns, the lipid content
varied significeatly.



112

The carbohydrate content of prawns (fig, 22), from various
dietary treatments ranged from 1,61 to 2.41, and prawns fed diets
deficient in choline (2,41%), pantothenic acid (2,39%),
pyridoxine (2,39%) and control diet (2,35%) had significantly
higher carbohydrate contents than the other groups, The lowest
carbohydrate content was recorded iﬁ'prawns fed on inositol
deficient diet (1,61%), followed by those fed on the diet
deficient in riboflavin (1,19%), and these values were signifi-

cantly iawer than that obtained for all other groups,

The RNA content and 4ry weight/RMA ratio of prawms were
also significantly (P, 0,01) tnfluenced by the experimental diets
(rig. 23). The prewns fed with diets deficient in all the
vitamins, ascorbie acid and pyridoxine showed significant
(P 0,08) differencaes in the RNA content with all other treatment
groups., The highest RNA content was recorded in prawns fed on
diets deficient in ascorbic acid (3.20/ug/hg) and pyridoxine
(3.21/ugﬁmg) and the lowest in prawns fed on the diet deficient
in all the vitamins (1,19 jg/mg). There were no significant
differences between RNA contents of prawns fod diets deficient
in pantothenic acid (2.17/ug/hg). niacin (2.33/ug/mg). riboflavin
(2412 pg/mg) and ‘inositol (2,02 jag/mg) .

The significant (P{ 0,05) influence of the diets was also
evident fran the data on dry weight/total RiiA ratio (Fig. 23),
"hile the prawvns fed on the diet deficient in all the vitamins
had significantly higher dry weight/RNA ratioc (0,84), those



Fig. 23,

Biochemical composition of prawns fed diets
with or without water-soluble vitamins
A-no vitamins, B-all vitamins, C-ascorbic
acid deleted, D=thiemine deleted, Eecholine
deleted, -pantothenic acid deleted,
Gepyridoxine deleted, Heniacin deleteqd,
I-riboflavin deleted, J-inositol deleted,
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fed on diets deficient in ascorbic acid and pyridoxine had
significantly lower ratio (0,32), cowmpared to prawns from other
treatments, However, there were no significﬁnt differences
between the dry weight/total RNA ratios recorded in the various
groups of prawns fed on diets deficient in choline (0,56),
pantothenic acid (0,46), niacin (0,43), riboflavin (0.47),
inositol (0,49) and the control diet (0,81),

The DNA contentg of prawns showed similar trend (Fig, 23)
as that of &lMNA content and was significantly (P<0,05) infiuenced
by the diets, There vere also significant (P 0,08) differences
between the DNA content of prawns fed on the different experimental
diets, The hichest DNA content was recorded in prawns fed on the
choline deficient diet (3.25/ug/hg); whereas the lowest DNA content
was recorded in prawns fed on the éhiamine free diet (1.23/ug/hg).
closely followed by the prawn groups fed on the diet deficient in
all vitamins (1.28 mg/mg). However, there werc no significant
differences between the DNA contents of prawns fed on diets
deficient in pantothenic acid (2.47/ug/hg), riboflavin (2.35/ug/hg)
or control diet containing all the vitamins (2,3 ﬂgﬁnq).

The Adry weight/total DNA ratio obtained £from the different
treatment groups of prawns (Fig. 23) showed that the experimental
diets significantly (P<0,05) influence the dry weight/total DNA
rat16 in prawns., A comparison of the data on cry weight/t;tal
RNA ratio and dry weight/total DNA ratio for various treatment
groups of prawns would show considerable differences in the trends

in values between these two parsmeters, The highest dry weight/
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total DNA ratio was observed in prawn groups fed on the thiamine
deficient diet (0,83), followed by prawn groups fed on the diet
deficient in all the vitamins (0,). The lowest dry weight/
total DNA ratio was observed in prawns fgd on the aseorbic aci
deficient diet (0,31), There were no significant diffeorences
between the dry weight/DNA ratios of prawn groups fed on diets
either deficient in pantothemic acid {0,41), riboflavin (0,.43),
choline (0,57), inositol (0,54) or the control diet (0,44),

The RNA/DNA ratios recorded for different groups of pr.wns
(Fig, 23) also showed significant (P<0,01) effect by the
experimental diets, However, only prawns fed diets deficient
in thismine (1,22), pyridoxine (1.,16) and inositol (1,09) had
significantly (P Z0,05) higher RNA/DNA ratios..

The calcium, magnesium and phosphorus contents of the
experimental prawns recorded from the dietary treatments are
shown in Fig, 23, Analysis of variance of the data showed the
highly sicnificant (¥< 0,01) effect of diets on the calcium
content of prawns, Prawns fed on diets deficient in ascorbic
acid, pantothenic acid, niacin, riboflavin and inosipol had
significantly (P¢ 0,05) lower calcium compared to prams fed
on other diets, The highest calcium content was recorded in
prawns fad on the control diet with all vitamins (3,71%) and
the lowest in prawnz fed on the ascorbic acid deficient diet
(1.63%)

Magnesium content of prawns (Fig, 23) was not significantly

affected by the diets fed to them, However, prawns fed on diet
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deficient in pantothenic acid@ had slightly higher magnesium
content (0,65%) than those fed on the control diet (0,57%).
The magnssium contents recorded in prawns from other treatment
groups did not differ markedly and ranged from 0,43% to 0,52%,

Phosphorus content in prawns (Fig, 23) was also
significantly (P <{0,01) influenced by the experimental diets
fed to tham, The diets deficlent in pyridoxine (1,84) and
choline (1,77) produced significantly (P 0,05) higher phosphorus
contents in prawns than other diets, Diets deficient in
pantothenic acid (0,70%), riboflavin (0.74%) inositol (0.88%)
and all the essential vitamins (0,82%) produced significantly

(P C0,05) lower phosphorus content in prawns,

Ammonia Excretaons

With a view to studying the influence of the experimental
diets on ammonia excretion by the prawns, ammonia concentration
in thb water of the experimental tanks was determined, twice
weekly, during the 45 days of experimentation, The data were
analysed and the mean ammonia concentration per day per

treatment was recorded .(Fig. 24),

The mean ammonia concentration in water Fig, 24 showed
that the expmrhnéntal diets aicnificantly influence the ammonia
excretion by the prawns, and the prawn groups fed on diets
deficient in ascorbic acid, niacin, and innsitol showed maxiraum
significant (P¢ 0,0%) differences in the amonia excretion

with that of other groups,



Pig. 24,

Mmaonia concentration in seawater and ammonia
excretion rate in prawns fed diets with or
without watcrsoluble vitamina, Ae~no vitamins,
Bwall vitamins, C-ascorbic acid deleted,
Dethiamine deleted, E-=choline deleted,
Fepantothenic acid deleted, t~pyridoxine
deleted, li-niacin deleted, IT=riboflavin
deleted, J-inositol deleted,



FIG. 24

AMMONIA CONCENTRATION IN WATER

- B

o
|O
)

3—N-mg/|/treatment/day

mean NH
(@]
(@]
O__h! (é)
1
1

>

o

< 05

‘; T T

s04 T [| = _

;03 :q s T T

-1 )

> 92 :

E

=z 01

:;:n

< ol AT BT ¢™ pl gf ¢l g H 7 JI

DELETED WATER SOLUBLE VITAMINS

4—"8 L P

IN THE DIET
S:VITAMINS SUPPLEMENTED DIET



116

Ammonia Excretion in Prawng Subjected o the Ixperimental Djets:

Amtonia excretion rates in intemmolt stage prawns, from
each experimental treatment, wire monitored for a period of 24
hrs, after the 485 days of experimentation, ihe amamonia excretion
rates expressed as mg NH‘-N/g prawn/day recorded fram different
treatments are shown in Fig, -24. Analysis, of variance of the
data showed the highly significent (P 0,01) effect of experi-
mental dicts on ammonia excretion rates, Least signific&nce
difference test showed that prawn groups fed on diets deficient
in pantothenic acid excrete significantly less ammonia (0,17 mg/
g/dsy) comared to all other groups. Similarly, the ammonia
excretion rates of prawn qroups fed on the control diet (0,48
mg/a/dry), and those fed on diets deficient in all the
essential vitamins (0,42 mg/g/day) and ascorbic acid (0.41
mg/ ‘g/day) were significantly higher than all other experimental
groups of prawns, There were no significant Cifferences in
ommonia excretion rates among prawn groups fed on diets
deficient in thiamine (0,35 mg/qg/day), pyridoxine (0,33 mg/c/day),
niacin (0,29 ma/qg/day), inositol (0,32 mg/q/day) and riboflavin
(0,26 mqg/qg/day). However, the ammonia excretion rate was
significantly (P ( 0,05) higher 4in prawn groups fad on the
choline deficient diet (0,39 mg/c/day) campared to the above

groupns,



OBSBRVATI,ONS

Prewn groups fed on the vitamin deficient diet for 45 days
were gbserved to show scme differences in molting activity,

response to licht and external morphology.
Modsings

There were differences in the number of exuvise collected
and post-molt deaths encountered from the various treatment
groups Auring the experimental study (Tadble 13), Relativelv
more number of exuvise (2% Nos) were collected frem the treatments,
where prawns were fed with the control diet,compared to all
other groups. The number of exuviae collected from treatments
with ddets deficient in choline (20 Nos), pantcthenic acid
(19 Nos) and pyridoxine (18 Nos) were also relatively higher
than that recorded in most of the cther treatment groups.

The exuviae recovered from most treatments were almost
ccmpietc. though in some cases they were half-ecaten dy the
ocohabiting individuals,

Pram groups fed on diets deficient in all the vitamins,
niacin, inositol and riboflavin showed relatively less number
of post-molt deaths compared to those fed with diets deficient
in vascorbic aci¢ and thiamine, Hcwever, prawn roups fed on
diets deficient in thiamine pantothenic acid and pyridoxine

showed maximum post-~molt deaths corpared to all other treatment

groups .



TABLE 13¢ OBSERVATIONS IN PRAWNS FED WITH DIFFERENT
TXPERIIMENTAL DIETS

Dietary Mean nos, Mean nos of Texture
treatments of molte post-molt of the
recovered deaths body
Diets deficient in all
vitamins 11 3 8O
Control diet with all
vitamins 25 3 H
Ascorbic acic deficient 13 4 SO
Choline deflciant 20 3 H
Thiamine deficient 12 ] H
Pantothenic =cid
deficient . 19 5 SO
Pyridoxkne deficient i8 4 80
Niacin deficient 11 3 H
Riboflavin deficient 10 3 H
Inositol deficient 10 3 H

H=hard, So-soft,
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Ecod Intake:

Food intake by prawns in various treatments 444 not differ
markedly from sach other during the first 15 days of experimental
study, However, variations in food intake botween treatment
groups became apparent from the third week on-ards, Prawvns fed
on diets deficient in all the vitaming, choline, niacin and
inositol incested relatively less food with ircrease in experi-
mental duration, The prawns were observed to move away from the
food, in the above treatments probably due to lack of appetite
or aversion towards the food, Pruwns also did not quickly respond
to the feed on introductiorn into the tank., Similar type of
symptoms were observed after four weeks of axperiment in prawns
fed on diets deficient in ascorbic acid and pantothenic acid,

In all other treatment groups normal feed intake was obsoivod.

Behaviour Touards Lights

When a sudden flash of licht fram a table lamp (1625 x 10°
lux) was directed into the experimental tanks, variations in the
response Of prawns were observed between di<ferent treatments,
During the first two weeks, thers were no ohservable differences
in the response of the prawns from various treatments, however,
prawms started showing variation in response to light from the
third week onwards, The prawns fed on diets deficient in
ascorbic acid, pyridoxine, riboflavin and choline showed

aggresive and irregular movements, €111 the light source was

removed, Canparatively, passive response was observed in the

case of prawns fed on diets deficient in all vitamins, thiamine,



119

pantothenic acid, niacin and inositol, No significant responses
could be initiated even on disturbing the water column or on

hitting the side of the experimental tanks, 3ut, the prawns fed
on the control diet containing all vitamins, showed normal light

evading responses, which lasted for few seconds,

Externsl Morpholeqgy:

Differences were also observed between treatments in the
distribution and du?_gi_t_yﬁ ?f. cqtain brownisheblack spotes on the
sbdominal region and rostrum of prawns. Prawns fed with the diet
deficient in all the vitamins and those fed on diets deficient
in ascorbic acid, choline, thiamine, vyridoxine, riboflavin and
inositol had spots on the abdomen, rostrum and in certain cases

on gills as shown in Takle 13,

DISCUSSION

Vitamins as non-snergy micronutrients have prominent role
in metabolism and significantly influence the growth and survival
of prawns, From the present study, it is evident that amission
of all vitamins (fat and water-soluble) or individual water=
soluble vitamins such as ascorbic acid, thiasnine, pantothenic
acid, pyridoxine, niacin, riboflavin or inositol from the diet
of prawns results in low survival rates, However, deficiency of

choline in the diet does not affect the survival significantly.
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Amongst treatment, diets deficient in all vitaming, thiamine
and niacin resulted in relatively poor survival, This indicates
that thiamine and niacin constitute very important indispensable
vitamins for prawn diets, Comparatively, the higher survival
rates recorded in other treatments fed on diets deficient in any
of the other water-soluble vitamins, suggest that may be the body
stores of these vitlnina;;elowly exhau%bd (Mitchell, 1964
Halver, 1972),

On the other hand, the low mortality rates occurred in
prawns fed on the dlet deficient in choline, indicates that
possibly deletion of choline from diets may not have significant
effect when lecithin is included (vide Chapter V), Lecithin,
which contains the nitrogenous base choline, has been reported
to improve survival in crustaceans (Conklin gt sl., 1980;
D'Abramo and Baum, 1981y Kanazawa, 1983)and probably, crustaceans
are adble to subsist on choline derived from this phospholipid
(phosphatidyl choline), resulting in higher survival (Conklin
et al., 1980; D'Abramo and Baum, 1981). On the other hand,
the highest survival in prawns fec on the contrcl diet indicates
that all the essential vitamins are required to maintain the
metabolic balance in prawns, without causing any stress,

In addition to the influence of the other vitamins, lecithin,
choline and inositol in the diets must have contributed for the
higher survival rate in the control, as they have been shown to
improve survival in P, jsponicup (Kanazawa, 1983), Hgmarus
gmericanus (Conklin et gl., 1980p D'Abramo et al.., 1981) and
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Moinp (D'Abramo and Baum, 1981), Thus, dietary supplementation
of vitamins form an essential aspect in purified diets, when
fed to the prawns (New, 1976@;Penat and Adelung, 1980).

The present findings in P, dndicue do not support the
cbgervations of many of the earlier workers who found that the
deletion of thismine (Deshimaru and Kuroki, 1979y Heinen, 1954)
choline (Deshimaru and Kuroki, 1979) pyridoxine, niacin and
riboflavin (Heinen, 1984) from diets do not significantly affect
the survival rates in P. jsponjcus or Mggrobrachium rosenberqii,
However, the present study shows that deletion of any of these
vitamins from the diet results in lower survival rate than the
control diet containing all the essential vitamins, The present
£indings agrees with the observations of Guary gt al.( 1976)
and Kanasawa et gl.{ 1976)in P. japonicusy D'Abremo and Baum(1981)
in Moipss D'Abramo gt 3l.{ 1981)in H, americapus and Ponat and
Adelung (1980)in Cancer pagqurys where in the deficiency of these

vitamins have been shown to cause hich mortality.

The growth of prawns fed on the control diet with all
the vitamins was significantly higher than prawns fram most
other treatments, Although, gain in wet weight of prawms fed
with the control diet 4id not differ significantly from that
of prawns fed with choline or riboflavin deficient diets, on
dry weight basis, prawns fed with the choline ard riboflavin
deficient diets showed improved growth compared to those fed on
the control diet, Probably, the dietary concentration of
riboflavin in the control diet may be in excecss and thereby acted
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detrimental to the prawns, as reported for juvenile M. Zosenbergil
also (Heinen, 1984),

It was also observed that growth of prawns fed with thiamine
and niacin deleted diats were significantly affected, suggesting
that these prawns are unable to grow normally on deletion of the
vitamins from the diet, On the other hasd. prawns fed with
ascorbic acid, pantothenic acid and pyridoxine deficient diets

showed incignificant variations between them in dry weight but
showed variation in percent gain in length and wet weight,
indtcating that probably the prawns are able to subsists on body

reserves unlike thiamine andl niacin deficient diet fed prawns,

Prawvns fed with inositol deficient diet showed higher
growth on percent gain in length and wet weight,but poor growth
on dry weicht basis, compared to most other treatment groups
fed praams, The variation in wet weight and dry weight
observed in prawns, is primarily due to the difference in moisture
content which reflects on the depositigp of crganic and inorganic
nmutrients in tissues, The significantly higher growth recorded
in prawns fed on diets deficient in all vitamins cannot be
considered as proportionately equivalent to the crowth obtained
in prawns fram other treatments, as the numbcr of surviving
animals was extremely low due to cannibalism, mg&t eating
behaviour ané devouring of dead prawns, which could have been

the reascn for higher growth recorded fram the surviving prawns,
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The study also shows that the prawns show a requirement for
all the vitamins, though choline and rihoflavin appears to be
partially dispensable, Of ecourse, long periods of deletion of
these vitamins may not sustain the positive growth and may result
in dietary deficiency symptoms, Amongst the vitamins -thiamine,
niacin and pantothenic acid seems to be the most important ones
as growth and survival studies indicate, However, the present
findings differ markedly fram that of Heinen (1984) in the survival
rates, especially for thiamine, niacin and pantothenic acid
deficient diets; who repdrted higher survival rate in juvenile
M. zesepbergii. These variations may be due to the experimental
procedures adopted in either case or may be &ue to the differences

in the recuirement of vitamins by penaeid end non-penaeid® prawns,

Cbservations on specific food consumption (SFC), food
conversion ratio (FCR), protein efficiency ratio (PER), carcass
composition, ammonia excretion rates and some of the observations
made during the experimental study, further reveal the influence

of the vitamina on the prawns,

Prawms in various treatments seem to show distinct

variations in food intake and conversion for body growth, In
the case of prawns fed on diets deficient in all vitamins and
niacin, poor food consumption, poor food conversion and protein
conversicn were evident, On the other hand, in prawns fed with
the thiamine deficient diet, though the survival was low, the
values ocbtained for S¥FC, FCR and PER were not significantly
different fram those fed with other vitamin deficient diets,
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However, the growth in thismine deficient diet fed prawns was
same as the other vitamin deleted diet fed prawns, which
signifies that thiamine doss mot significantly affect the
food intake or conversion as that of prawns fed with niacin

defic’.mt die‘e.

The praams fed with ascorbic acid, pantothenic acid,
pyridoxine and inositol deficient diets show-d insignificant
variation in the SFC and FCR values but showed significant
variation in PER. The PER values obtained for ascorbic acid and
pantothenic acid deficient diets were higher than that of inositol
and pyridoczine deficient diets, This suggest -, that possibly,
ascorbic acid and pantothenic acid may not have direct influence
on the protein utilization compared to pyricoxine or inositol,
The SFC, FCR and PER values obtained for ascorbic acid and
pantothenic acid deficient diets did not vary significantly from
that of prawns fed with the control diet, even though they
significantly varied in growth, So the influence of these
vitamins may not be on the food consumption and utilization
but may be on other metabolic processes that influence growth

and survival,

further, the effects of cdeletion of various vitamins
from diets can be substantiated from the body chemicel campo-
sition and ammonia excretion rates of prawns. The moisture
content in prawns does not seem to be much influenced by the
delation of vitamins fram diets, excepting for those prawms

fed cn diets deficient in ascorbic acid, thianine, choline and
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riboflavin, The higher moisture content in the case of prawns fed
on the choline deficient diet could be as a result of lowest lipid
content, On the other hand, ascorbic acid deficient diet fed
prawnz did not differ significantly in the different chemical
constituents with that of other treatment group fed prawns,

even though, the moisture content recorded was slightly less than

the others,

Low lipid levels and higher moisture content in prawns fed
on the choline deficient diet, suggests that under this vitamin
deficiency prawns were actively utilizing lirids as a source of
metaboliéable energy, sparing protein for growth. On the other
hand, additiom of choline in the diet (control diet) resulted in
comparatively higher 1lipid content than the choline deficient diet
which may be due to the syneraistic effect of the other vitamins
present in the diet, However, the high ash content in prawns
fed on the chocline deficienﬁ.dieé. suggects that possibly some
changegs micht have resulted in the canrosition of biomembrane
phospholipids, as they form an integral part (Clude, 1949), The
high ash centent in the choline deficlent diet fed prawnsg is also
reflected in the high phosphorus and calcium values, which suggests
that the dietary uptake of these inorganic constituents may be
influenced by choline deficiency.

In most of the'treatment groups, excepting in the choline
deficient and to some extent in ascorbic acid deficient treatments
the protein content of prawns seems to he unaffected by the
test diets, However, higher protein content was recoried in

pravns fed with choline deficient and ascorbic acid deficient
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diﬁ’s. On the other hand, lipid and ash were cbserved to show
significant differences between treatment groups., The lipid
content was relatively hich especially in prawns fed with niacin,
riboflavin and inositol deficient diets, In these treatment
groups of prawns, the ash and protein contents were relatively
less which suggests that may be lipid were not influenced by the
deletion of these vitamins from the diet andé were not cataboliged
efficiently for metabolizable energy purpose. The poor protein
deposition and high lipiad déposition. however, are reflected in
the poor growth and survival in the case of prawn groups fed on

niacin or inositol deficient diets,

However, prawns fed on riboflavin deficient diet showed
high growth rate, even when low protein and hl@h 1ipid contents
were recorded, compared to the prawns fed on riboflavin supple-
mented control diet. Presumably, growth may not be enhanced by
riboflavin Ceficiency, but it 18 suspected that the concente
ration of riboflavin used in the contrel diet may be too high to
induce reduc~d growth as reported in M. rpgenberqii (Heinen,1984),

Pantothenic acid and pyridoxine deficient diet fed prawns
showed characteristically high lipid and ash, but lower protein
contents. The protein content was higher but lipid and ash
contents were lower in prawns fed on the control diet compared
to the former two treatment groups, These results indicate that
deletion of vitamins from diets results in increased rate of
catabolization of proteins than lipids and thus poor growth and
survival results, compared to prawns fed om the control diet with
all the vitamins.
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From the data on growth, survival and chemical composition
of prawns, it appears that when 21l vitamins or individual vitamins
ere deleted from diets, they affect the metabolism resulting in
imbalances in growth and chemical composition, Amongst the energy
rich nutrients, the metabolism of protelns and lipids seems
to be affected most, leading to faster catabolization of proteins
ard storage of lipdds,

The nucleic acids content in prawns fed on the diet deficient
in all vitarins was lower than those fed with other diets, This
indicates that orobably vitamins deletion from diets results 4in
inhibition of nucleic acid synthesis, Ascorbic acid and
pantothenic acid are important vitamins and deficiency of these
are reported to inhibit RNA synthesis (Mitchell, 1964, Levin, 1976),
The low content of nucleic acids accompanied by high ammonia
excretion rates in prawns fed on the all vitamin deficient diet,
clearly shows that deficiency of vitamina will significantly

affect protein synthesis,growth and survival.

The riboflavin deficient diet fed prawns had slightly
higher nucleic acid concentration than the prawns fed with the
control diet, However, they did not show any significant
variation in growth indiéatinq that proteins were less catabolized
and used for growth under riboflavin deficiency., However,

Heinen (1984) observes that in M, posepbergii, riboflavin
deficient diet fed prawns show higher growth than those fed on
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a diet oontaining riboflavin. The relatively pooxr growth in
prawns fed with riboflavin may be due to hypervitaminosis and

the same explanation may also hold true for the present stydy,

On the other hand, prawns fed on diets deficlent in.
pantothenic acid, miacin, riboflavin and inositol 4did not show
any significant variation in nucleic acid contents, but showed
variation in the ammonia excretion rates, Even though, the
nuclelc acics contents was almost sane, the amonia excretion
rates in pantothenic acid deficient diet fed prawns was the
lowest among the treatment groups, indicating that possibly
protein catabolism is greatly reduced under pantothenic acid
defifiencv. probably due to\iow concentration of cclenzymeA

(Mitchell, 1964), which is an essential coenzyme during
metabolic recactions and of which pantothenic acid forms an
1nteafa1 part, But on the other hand, in the case of niacin
deficient diect fed prawns, high ammonia excretion with poor
protein denosition, growth and survival, indicate that pnoteins

vere utiliz:d more efficiently for energy purnose than for growth,

However, the concentration of nucleic acids was highest
in prawas fed with ascorbic acid and pyridoxine deficient diets
amongst all the treatments, indicating thﬁt proteins are
synthesized efficiently even in the absence of these vitamins,
In the case of prawns fed on ascorbic acid deficient diet, the
anmonia excretion rates were as high as in pravms fed on the

diet deficient in all vitamins, Also, the protein content of

these pravns was also high, compared to all other treatments
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excepting choline fed prawns, However, the growth and survival
was not efficient as that of prawns fed with all vitamins or
choline or riboflavin deficient diets. This suagests that
though proteins are synthesized. (probabily a certaily smount is
cataboliged, as evidenced by the high ammonia excretion rates,
and hence poor growth results, The high ammonia excretion rates
mav also be as a result of dietary stress on physiological

processes occurring in these prawns,

On the other hand, the nucleic acids content indicated
efficient synthesis of proteins by the prawns fed on the
pyridoxine deficient diet, but the ammonia excretion rate indicate,
increasec catabolism of proteins, resulting in lower protein depo-
sition and poor growth, unlike in ascorbic acid deficient diet fed
prawns where protein deposition was higher, eventhough growth was

almost same as that recorded in ryridoxine deficient diet fed prawr

The varicus experimental diets also influenced the
general activity, molting and feed intake in nrawns. In most
cases of vitamin deficiency, excepting choline, the rost-molt
deaths were primarily due to the treatmenk effects, as these
prawns, prior to drath, tend to show hypo or hyper activity,
anorexia and aversion towarcds feed, This was more pronounced
in ﬁ(eatmentigroups fed on diets deficient in all the vitamins,
thiamine and niacin, wherein hyper-activity of prawns vas

evident, accompanied by reduced food intake from the third week

onwvards, In other treatments, prawns s owed such symptoms
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fram the subsequent weeks only, S0 these cbservations ;ndicate
that prawns require vitamins for general maintenance and growth
in concentrations optimal for :zach stege of prawns, However,

excessive anounts of vitamins, like riboflavin, may have detri-
mental effect on the growth and survival of prawns as evidenced

from the present study and that on M. ropenbergii (Heinen,1984),

Thus, deletion of vitamins from the diet of prawns causes
poor food intake. aversion towards feed. hvpo activity followec
by (poor molting, resulting in poor growthi and hich mortality
rates, Same of the deficiency symptoms abserved from the varicus
treatments are summarised in Table 36, In the subsequent
chapters (IV to IX), the results of the experiments to determine
the dietary requirement of some of the most important water
soluble vitamins, using graded concentration of the selected

vitamins have been presented and the possible physjolegical
changes exhibited by the prawns when fed below or above their

requirements are discussed,

CONCLUSION

The present findings clearly show that juvenile P, jndicus
have dietary requirement for most of the water soluble vitamins,
The prawns grow more efficiently when the diets are supplemented
with vitamins compared to when they are either omitted individu-

ally or céllectively,
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Amongst the water soluble vitamins prolonged deficiency
of ascorbic acid,thiamine, niacin, pantothenic acid, pyridoxine
and inositol results in poor growth and survival,

Characteristically, deficiency of choline and riboflavin
does not seem. to have any significant influence compared to the
deficiency of other vitamins, In the case of choline, it appears
that lecithin, a phospholipid containing choline, included in the
diet, may supply choline when not available from the diet
(D'Abramo and Baum, 1981y D'Abramo gt al., 1981; Kanazawa, 1983),
So the choline cmission may be off-setted by sunnlementing
lecithin in the diet,

Deficiency of riboflavin in the diet of prawns did not
affect grovth, but improved gro&th,compared to prawns fed with
riboflavin in the control diet. The relatively poor growth
obtained with the control having riboflavin may be due to hyver
v{tantnosis as a result of using high concentration of riboflavin
in wie control diet. However, it does not m-an that complete
deletion of riboflavin will be useful, since the survival wvas
markedly lo.er than the control diet containing riboflavin fed
prawns, 50 probably, lower concentrations of riboflavin
supplementation is necessary in diets for efficient growth and
survival of juvenile prawns but at higher concentrations, the
prawns may not have the ability to get rid of excess vitamin
(Heinen, 1984)., Thus, the present study clearly shows that
all the tested vitamins are essential in the diet of prawns,



CHAPTER-IV
ASCORBIC ACID REQUIREMENT
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INTRODUCTION

Vitamin C or ascorbic acid was reported as sntiscurvy
agent, administered to sailozs in the fomn of citrus fruit
(Lind, 1753) (cited, Woodruff, 1964), Ssent-Cylrgi (1928)
(cited, oodruff, 1964) 1solated this vitamin and named it
*hexauronic acid' based on its molecular structure, For the
first time Reichstein et al. (1933) synthesized and in the
samo year -zent-Gybtgl and Howoxrth (1933) renamed hexauronic

acid as ascorbic secid,

It 15 now well documented that this vitamin participates
actively in the metadbolism of all species. In all the
chlorophyll containing plants active, efficient, bicsynthesis
of ascorbic acid has been reported (Roy and Cuha 19%8;
Chatterjee, 1973), Comparatively, in the animal kingdom, the
biosynthesis of ascorbic acid has been reported to be discon-
timiocus in the evolutionary scale and so most species have to
solely depend on dietary sources or derive from the microe
organisms thriving(along wity vi.am in the environment, Thus.
among animals,biosynthesis of ascorbic acid is restricted to
amphibians, reptiles, lower order birds, most manmals and in
certain cases of higher order birds (Passeriformes) (Chatterjee
et gl., 1961), Certain vertebrates such as flying mamnals,
many primates, including man, and fishes are unable to
biosynthesize ascorbic acid (Roy and Guha, 1958; Gupta ot 31.,1972),
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Likewise, certain invertebrates (arthropods) are alsoc unable to
biosynthesime ascorbic acid (Gupta gt al., 1972y Magarelli and
Colvin, 1978; Magarelld ¢t al., 1979), This inebility in these
specific aroups of animale 1is attributed to the genetic failure
of ensyme synthesis or lack of expression of the same (Levin,
1976),

Ascorbic acid participates in the metabolism of living
organisms, whether biosynthesized by the orcanism or derived
exogenously frem the diet (Levin, 1976). An ecxcellent review
by Knox and Goswamd (1961) highlights its specific roles in
the interm:diary metabolism, One of the major functions assigned
teo ascorbate was as protector of enzymes and hormones from
oxidation and inhibition (Hoodruff, 1964), >scorbic 3cid has
,bocn reported to be involved in the functioniro of neural
stimuli transmitter (Bordie and Costa, 1962) and in RNA synthesis
(Price, 1966), Recent studies have shown that this vitamin has
mild detergent' action responsible for the issolution of fate
cholesterol and cholesterol-phospholipid-Ca complaxes (Levin,
1976),

Ascorbic acid and -SH radicals are also important
endogenous radioprotectors (Bacqg and Goutier, 1967; Pennington
and Maloan, 1968) and growth regulators (Chinoy, 1969y Chinoy
‘gt 8le, 1971b)., In crustaceans, vitamin C h-as alsc been
reported to influence alkaline phosphatase activity during the
synthesis of chitin and sclerotization of the epicuticle

(Conklin, 1983), Ascorbic acid takes part as a reactant in a



134

mumber of defined enzyme systems such as in the hydroxylation of

epinephrine and tryptophan, and in the oxidation of tyrosine
(Levin, 1976),

Many vorkers have reported vitamin C having synergistic
coles with other vitamins ., Deletion of vitamin A (Kutsky, 1973)
and vitamin E (Mitchell, 1964) from diets of animals, causes
reduction in vitamin C levels in the plasma, Vitamin C on the
other hanc protects these vitamins fram beinag oxidized (Terroine,
1953). Similarly, deficiency of folic acid and pantothenic acid
and other 3 vitamins can be off-set by vitamin C supplementation
in most casea (Terroins, 1953), and thus, the property of
ascorbic acid in large dosages to act as a vicaripus agent has

been correctly coined by Fridericia /1926),

One of the important functions of ascorbic acid is in the
collagen synthesis (Robertson and Schwartg, 1953; Stone and
Meister, 1957), which is an important aspect in muscle development
of all animals including arthropeds (Smith and ('igglesworth, 1959
Harper gt al, 1967), Stone and Meigter (1957) demonstrated the
necessity of vitamin C for the hydroxylaticn of proline and

lysine to form hydroxyproline an unusual amino acid that exclusively

occurs in collagen,

Deficiency of these ascorbic acid molecules in the diets
of animals results in metabolic disorders leading to diseases,
Deficiency symptoms could be clearly delineated on deletion of
the vitamin (Briggs, 19607 Cupta gt al., 1972 Reddy and
Chippendale, 1972) fram diet, The major spnptam observed is
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'the malformation of collagen tissue culminating in the melanization
of hemocytic lesions leading to death (ldghtner gt gl.. 1979
Lightner, 1983), In crustaceans, =imilar symptoms in collagen
tissue, designated as "Black Death Disease” have been.
demonstrated 4n the prawns = Pgnseus californiengis and

P. ptylirostrig (Lightner, 1977) Lightner gt zl., 1977), Earlier,
the same symptoms were reported as blackened lesions by Guary

et al. (1976) and Deshimaru and Kuroki (1976b) in the Kuruma
pravn, P. iaponicus and by Magarelli and Colvin (1978) in

Po gtylirostrig. The occurrenca of black death dheuef{‘:tbm
crustaceans, especially in shrimps is noted within 19-42 days,
when ascorbic acid deficient diets were administered (Magarelli
et al, 1979) and on supplementation with the vitamin, the

shrimps return to normal condition (ldghtner et al.., 1979).

The studies of Beerstcher gt al. (1954b) in Qpiscus
ascelluss Provasoll and D'Agostino (1969) and Provasoli and
Pinter (19280) in Artemia salinay Conklin and irovasoli (1977)
in Moina macrocopsy Caatell et Al. (1983} in Z, americanus)
Kitabayashi gt al. (1971b), Deshimaru and Kurokxi (1976b),
Guary gt 3al., (1976), Kanazawa (1983) and Lichtner (1983) in
Penseus japonicuss; Lightmer (1983) in Pepacus azetequss
Magarelll gt al, (1979) and Lightner (1983) in P, piylirostris
end P, californiensis, and Heinen (1984) in Macrobrachium
ropenbergii have highlichted the essentiality of vitamin C in
the Aiet of crustaceans, However, requirements in each species

varies with age, physiological state, moltinc cycle 'md ablotic
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stresses, vhich influence the metabolic role of viteamin C

in the tissues,

In 2. iaponicus, 1t was demonstrated that 0,1% or leass
ascorbic acid in the diet produces high mortality rate and gill
disease at a temperature of 28-30°Cy; and these prawns develeped
a greyish white color en the margin of caranace, lower part of
tha abd-men, and tips of walking legs (Lightner, 1577).

Lightner gt al., (1979) reported that adequate levels of
ascorbic acid was sbout 0,6% of the dry diet For P, califorpiensis
and P, stvlirostris, snd Guary e al. (1976) found 1,0% for

E. isponicus. Interestingly, Deshimar) and Kuroki (1976) studied
the requirements of ascorbic acid, within the range of 0 to 1.0%
in the diet and found the best érowth in ascorbjc acid«free diet,
The above authors also reported that the feed intake decreased
with increasing ascorbic acid concentration in the food. Aside
from the above works, studies on the effect of ascorbic acid on
the survival, molting frequency, growth, conversion efficlency
and concentcation of ascorbic acid in tissvcs of penaeid prawns
were restricted to those of Guary g§ al. (1976) in P. lapepicus
and Magarelli gt al. (1978) in P, galifornjensis and

P. atyilirostrig. However, most authors are of the opinion that

ascorbic acid fcrms an essential ingredient in the diet of

crustaccans (New . 1976a),

Despite the importance of ascorbic acid in prawns, there

has not been any attempt to study and establish the essentiality
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and requirements of ascorbic acid for Pepaeus indicus, and
therefore, the present investigation was carried out to

determine the dietary ascorbic acid requirement of juveniles

of E. fndicug,

MATERZIAL AND METHODS

Ascorbic acid requirament of juvenile prawns was studied
using iscnitrogencus diets containing graded levela of ascorbic
acid as shown in Table 15. o(=Cellulose was used to adjust the
total concentration of vitamin mixture in all the diets. The
experimental set up, rearing of animals and monitoring and
maintwcncé of environmental conditions during the erperimental
study were similar to that deacribed in earlier charters.

Table 14 gives the mean envirommental conditions maintasined and
the initial length and weicht of the animals used for the
experimental study. Purified diet containing graded levels of
ascorbic acid were formulated and prepared usinc vitamine-free
casein ag the protein scurce employing similar proco@!uroz
adopted in Chapter 1 and 3, Similar parameters as reported in
protein requirement studies (Chapter 1) were considered for the
present study, Methods of detarmination of vorious parameters
and statistical analysis of the data were carried out following

similar procedures as given in Chapter 1,
Histological Studiep!
Histoloyical studies were done on the juvenile prawns

fed on various diets containing different levels of ascorbic



TADL: 1431 CNVIARONMENTAL PARAMITLURS AND STOCKING SIZE OF
JUVENILE PRAWNS,

Parameter | Mean values
Temperature (°C) 26,60 + 1,07
Salinity (%) 21,10 + 1,627
pH 8.01 + 0,083
Ammonia concentration in fho ,

water (NH4-N mg/1/4) ' 0.,0344 + 0,006
Initial length (mm) 16,32 + 0,056
Initial weight (mg) 34.3 +

0.,0036

TABLE 153 DIETARY CCMPOSITION OF EXPERIMENTAL DIETS WITH
GRADED LEVELS OF o «ASCORBIC ACID,

‘Ingredient 9/100 ¢

o[ =Ascorbic acid 0,00 0,40 0,80 1,20 1,60 2,00

o =Cellulose 2,40 2,00 1,60 1,20 0,80 0.40

2,40

0.0
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acid, At the end of the experiment, few prawns from each
treatment were dissected and their h-patopancreas and sbdominal
muscle were isolated. These tissues were fixed in 10% neutral
buffered formalin for 48 hrs, thoroughly washed with distilled
water and then transferred to 10% alcohol, Three changes were
given each of 2 hrs duration before transferring to 80% alcohol,
After 30 mins, transferred the tissues to 20% and then to abso-
lute alcochol, after 30 mins interval, At absolute alcohol two
changes wcre aiven before the tissues were transfqrred toc xylene
and alcchol mixture (1:1) for 45 mins, Subsecquently, transferred
the tissue to pure xylene and varaffin mixture for another 30 mins,
‘Molten wax (56=58°C) was poured into small aluminium boats and
quickly transferred the tissues into the solidifying wax, The
embedded tissue in wax was then trimmed to . .small blocks and

mounted on wax holder c¢f the microtome,

Thin sections (5-7 microns) of various tissues were cut
with a manually operated microtome, The wav ribbons were then
mounted on glycerine applied clean slides. The szlides were then
w armed over warm water to spread the wax ribbon uniformly, The
sections were then hydrated initially with xylene followed by
alcohol grades (100%, 90%, 50%) and finally with distilled water,
five mins in each grade. After hydration, the sections were sta-

ined with hemnatoxylin(Deélafield's hematoxylin) for 45 mins, The
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stained slides were then dehydrated with (ipseried of alcchol grades
(50% to 70:2) and then counter stained with soein for 10 mins, The
tissues were then transferred to 90% alcohol and finally to
absolute alcchol with two changes for 5 mins each, The slides were
then cleared in xylene and permanent slides were made using DPX
mountant, The slides were observed under compound microscope

and recorded the structural changes in the tissues.

RESULTS AWD OBBERVATIONS

rm the results of the experiment. presented in Chapter 3
the essentiality of ascorbic acid in the diat of juvenile Fenseus
m’_ was established, Subsecquently, with a view to deter-
mining the near optimal requirement for ascorbic acid by juvenile
B. indicus, an experiment was carried out using purified diects
containing different concentrations of Jeascorbic acid (0,08~ 2.4

g/100 g dry diet) in the diet and the results are presented here,

Susvival
Fiqure 25 clearly shows that concentration of ascorbic acid

in the diet markedly affects the survival rate in juvenile prawns

and the effect was found to be highly significant (P0,0%),

However, thcore was no consistent trend in the percent survival

of prawns with increasincg concentrations of ascorbilc acid in the

diets, As observed in the previous study prawn aoroups fed with

the ascorbic ccid deficient diet produced si-hificantly (PL0,05)

howex" survival rates compared to other treatment groups, However,



Fige, 25. Weekly percent survival of prawns fed Alets with

different levels of ascorbic acid,
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no significant differences in survival rates were observed betﬁeen
prawn groups fed diets containing different concentrations of
ascorbic acid, The highest survival rate (92.5%) was recorded in
prawn groups fed on diets containing %aaacotbic gcid and lowecst
with ascorbic acid deficient diet (30X), However, the highest
survivel rate recorded in treatment with 2 g arcorbic acid was

not sionificantly differsnt fram that recorded in tre;tment
containing 0,4 g of ascorbic acid (27.%%). The nrawn groups

fed dietf/gmntaininq CeB8 g, 1.2 g, 1.6 g and 2,4 g resulted in
survival rates ranging from 72.5% to 80% and are not significantly

different from sach other,
Grgxgﬁt

The mean percentage gain in length, wet wei-ht and dry=-
weight recorded from various treatments of increasing ascorbic
acid concentrations are shown in Fig, 26, Analysis of variance
of the data showed that the diets containing different concent-
rations of ascorbic acid significantly (P<i0.01) influence the
mean percent gain in length, wet weight and ¢ry weight of
prawns, The highest mean percent gain in length (98,3%), wet
weight (880%) and dry weight (1093,8%) were observed in prawn

groups fed cn the diet containing a concentration of 0.8 ¢
ascorbic acid in the diet,

Prawvms fed on the ascorbic acid deficient diet had
relatively higher mean percent cain in length (95.8%), wet

weight (633,4%) and Ary weight (722,2%), However, the growth



Fige. 26, Percent gain in length and weight, and total
biomass (g) of prawns fed diets with different

levels of ascorbic acid,
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cbserved in prawns of this group was mainly due to cannibalisw
and devouring of the dead prawns by surviving ones, Though,
there was slicht differences between the mean percent gains in
length of prawns fed on Aiets containing ascorbic acid beyond

0.8 g, no specific trend could be observed., However, the percent
cain in wet weight and dry weight followed a similar pattern
without any significant differences between prawn groups fed on
diets with ascorbic acid concentrationsbeyond 0«8 ge The
maximum similficant differences were observed between the prawn
agroup fed on the diet with 0,8 g ascorbic acid and all other

treatment croups,

Specific Food Congumptiop (8EC):

Specific fond consumption (Fig, 27) showed distinct
variation_betﬁeen different groups of prawns f«d on the experi.
mental diets and the influence of ascorbic acid diets on the SFC
was highly significant (P£0,01)s The highest 5FC was recorded
in the treatment without ascorbic acid in the diet (5,81%) and
the lowest in prawns fed with 0,8 g ascorbic acid (2,42%}! in
the diet, In all other treatment groups, the S'C ranged between
2,76 and 3,28% snd the differences observed between these groups

were not significant,

Food Conversion Ratio (FCR):

Food conversion ratios obtained for this experiment are
showp : in Fig. 27. The FCRs were significantly (P <0,05)



Pig., 27, SFC, FCR and PER for diets with different levels

of ascorbic acid,
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influenced by the diet. However, the FCRs recorded for px awvm
groups fed diets confaining 0.8 g and 1.6 g of ascordbic acid
showed significant differences with that of prawn groups fed
with other dietary levels of ascorbic acid, The highest FCR
(1,17) was recorded in prawns fed on the diet with 2,4 ¢ of
ascorbic acid and the lowest (0,93) was recorded in prawns fud
on the diet with 0.8 g of ascorbic acid, closely followed by

1.6 g of ascorbic acid (0,95). In all other treatment groups,
no significant variation in FCRs wac recorded and the FCRs in
these treatments, ranged between 1,06 and 1,13, The FCRs showed
a declining trend upto 0,8 g of ascorbic acid in the diets and
thereafter showed an increase with further increasing concentrati
of the vitamin in the diet, except for the unexpected low FCR

value recorded at 1.6 g treatment group.
Protein ‘fficiency Ratio (PiR):

Protein efficiency ratic (Fig. 27) showed an increasing
trend upto (.8 g ascorbic acid and theroafter. it declined with
further increase in ascorbic acid concentration in the diet,
Analysis of variance of the data showed that the diets containing
different concentrations of ascorbic acid significantly (P4 0,05)
influenced the PER, Among treatment groups, prawns fed on diets
with 0,8 ¢ and 2.4 g ascorbic acid showed siqnificant differences
in the PER with that of other prawn groups. The maximum and the
minimum FTH values were recorded in prawns fed on diets with
0.8 g ascorbic acid (4,3) and 2,4 g ascorbic acid (2.45),
respectively, In other treatment groups, the FER ranged between

2,5¢ and 2,9 and there ware no significant differences between t
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Biochemical Gompositions

Data on moisture, ash, protedn, lipid and carbohydrate
contents of prawns from various treatments are shown in Fig.28,
Statistical analysis of the data showed that .the diets, containing
variocus concentrations of ascorbic acid, significantly (P< 0,01)
influence the moisture, .ash, protein and lipid contents of

prawns,

The higchest moisture (80,1%) and ash (24,2% by dry weicht)
contents were observed (Fig, 28) in prawns fod on the dlet with
the maximm ascorbic acid concentration of 2.4 g, While the
lowest moisture content was recorded in prawns fed on the diet
containing 0,8 g ascorbic acid (74,9%), the lowe-t ash content
was recorced In prawns fed on éhe ascorbic aci”? Adeficient diet
(11.6%)., The above results were significantly (P < 0,08) different
from that cbserved for all other treztments, in which the
moistur;'éontent ranged between 77.6% and 79.57% and ash content
ranged between 19,7% and 23,9%, However, the ~sh content
(11,9%) in prawns fed on the diet with 0.48 of ascorbic aeid
did not significantly vary from prawns fed without ascorbic
acid in the diet. The moisture content in rrawns decreased as
the concentration of ascorbic acid in the diet increased upto
0.8 g and thereafter it increased with furth-r increase in
ascorbic acid concentration in the diet. On the other hand with
increasing concentration of aacorbié acid in the diet of prawns,

there was steady increase in the ash content of prawns (Fig.28) «



Fig. 28. Biochemical composition of prawns fed diets with

different levels of ascorbic acid.
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The protein c0ntent_in prawns decreased with increase in
concentration of ascorbic acid beyond 0.4 g (Fige 28) and there was
no significant difference between the protd.n content of prawns fea
on the ascorbic acid deficient diet and those fed on diet with 0.4 g
of ascox;bic acid, However, significant (P 40.05) differmces were
ebserved between the protein content of préwn groups fed on diets
with higher concentration of ascorbic acid (2 g and above) and that
of prawns from treatments with lowqr concentration of ascorbic acid,
The highest protein content was obsarved in prawns fed on the
ascorbic acid cdeficient diet,due to canpibalism and 0.4 g ﬁscorbic
acid (71%) in the diet but the lowest protein content was recorded
in prawns fed on the diet with 2,4 g ascorbic acid (64%’ in the
diet, In prawns twnl all other treatment groups, the protein

content rancged between 65 and 69%,

The lipid content in prawns s'|owed a declining trend with
increasing concentration o‘\L the vitamin in the Adiet npi:o 0.8 g
and thereafter not much variations was abserved in the lipid
content (Fig. 28)., Kowever, among prawns from various treatment
groups: thoce fed on the ascorbic acid deficient .diet and those
fed on the dlet containing 0.4 g ascorbic acid had significantly
{P < 0,05) high-r 1lipid contents, No significant differences were
observed between the 1lipid contents of prawns fed on d.fnets
containing different levels of ascorbic acid, beyond O.4 ¢
concentration in the diet, While the maximum lipid content was

observed in prawns fed cm the ascorbic acid deficient dfet(14,.8%),
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the minimum (5,67%) was cbserved in prawns fed om the diet with

0.8 ¢ and more ascorbic acid,

The carbohydrate content was significantly (P £0,05)
higher in prawns fed on diets with 0.8 g and 0,4 g ascordbic acid,
compared to prawns fed on diets with higher concentrations of
ascorbic acid. The carbohydrate content in prawns was found
to increase with the ascorbic acid concentration in the diet

upto 0,8 g and thereafter it showed a decline,

The ,RNA content of prawns was significeantly (P {0.05)
influenced by the diets containing different lcvels of azcorbic
acid fed to them, The prawns fed on diets with ascorbic acid
levels of 2 ¢ and 2,4 g had significantly (P {L0,05) lower RNA
<han those fod on diets containing lower concentrations of
ascorbic acid, The highest RNA content (Fig, 29) was recorded
with ascorbic acid concentration of 0.4 g '(3.6/Jcﬁng) and the
10«&81: with 2 g (1.9/ug/mg) of ascorbic acid, :iowever, prawns
fed on the diet with 2,4 g a=scorbic arcid (2.2/.1g/mg) had
slightly higher RNA than the lowest, In 2ll other treatments
RNA content :Lnlprwru ranged from 3,04 to 3.4% no/mg, but'
there were no significant differences between trcatments, The
ratio between dry weight and total RNA was alsc significantly
(P 0,05) affected by the ascorbic acid concentration in the
diets (Fig, 29), However, significant(P<L0,05) treatment
difference was observed only between prawns fed on diets with

ascorbic acid concentrutionsof 1,6 g and above, and these fed
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on diets containing lower concentr:tions ({ 1.2 g) of ascorbic
acid, There were also no significant dif._ferencea in the dry
weight/total RNA ratio between prawn qroﬁps' fed on diets with
less than 1,6 ¢ ascorbic aeid, While prawvns fed on the diets
with 2,4 g ascorbic acid showed the highest ratio (0,51),
. to those fed on the diets wiﬁh 0.4 g ascorbic acid (0,3),

showed t:e lowest ratio, An increasiny trend in the ratio

was observed with the increasing levels of ascorbic acid in

prawn's diet,

DNA content in prawns 414 not show any Significmt (P>O._05)
variation in relation to the increasing levels of ascorbie acid in
the Giet, The highest DNA content (Pig. 29) was recorded in
prawns £ on the 4iet containing 0,4 ¢ of ascorbic acid (3.4/ugyhg)
and the lowest -in prawns fed on the diet with 2,4 g of ascorbic
acid (2.8 /ug/mg). In all other trsatments, the DNA contents ranged
batween 2.9 and 342,ug/ Mge The prawns fed on the ascorbic acid
deficient diet had relatively lower DNA content compared to
prawns fec on the diet with 0,4 ¢ ascorbic acid, A gradual decline
in the DIlA content was observed in prawn groups fed on diets
beyond 0.4 g of ascorbic acid, The dry weight/DNA ratio,
gixilarly, did not show any significant variation, in response
to the ascorbic acid concentration in diets, liowever, there was
a gradmal increase in the ratio,with the incrcase in concantration

of asoorbic acid in the diet of prawns (Fig. 29),



Fig, 29, Biochemical composition of prawns fed diets
with different levels of ascorbic acid,
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The RNA/DNA ratio showed a decreasing trend with increasing
levels of ascoxrbic acid in the prawns diet (Fig., 29) and it was
significantly (P< 0,08) influenced by the experimental diets fed
to the prawns. Significent (P <0,05) differences were cbserved
between treatment groups of prawns fed on diets containing higher
concentrations of ascorbic acid (2 g and 2,4 ¢) and those fed on
Aiets containing ascorbic acid concentrations less than 2 g,

The highest RNA/DNA ratio was recorded in prawns fed on the diet
with 0.4 § and 1,6 g of ascorbic acid (1,03) and the lowest ratio
in prawns fed on the diet with 2,4 g of ascorbic acid (0,71),

The prawvms fed on diets with 2 ¢ and more of ascorbic acid
showed sinnificantly (P< 0,05) lower RNA/DN/. ratios than other

treatment groups.

The diets containing various levels of ascorbic acid also
had significant (P ¢ 0,05) effect on the calcium content of prawns
(Fig. 29), The prawns fed on the ascorbic acid deficient diet
had significantly (P <0,05) lower calcium than the prawns fed
on all other diets containing graded levels of ascorbic acid,

The hichest calcium content was recorded (Fig. 29) in prawns

fed on the diet containing 0,8 g of ascorbic acid (3.34%) and

the lowest in prawns fed on the ascorbic acid deficient diet
1,76%), However, among prawn groups fed on diets containing
Adifferent ascorbic acid conecentrations, the lowest calcium content
(2.93%) was recorded in prawns fed on the highest concentration
level of ascorbic acid (2.4 g). The calcium content increased
with thr increase in dietary ascorbic acid level upto 0.8 g

and there after showed a steady decline,
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The magnesium content of prawns was not significantly
influenced by the ascorbic acid concentration in diets, The
highest magncsium content was observed (Fig. 29) in prawns fed
on the diet with a concentration of 2 g of ascorbic acid (0,57%)
and the lowest in prawns fed with the ascorbic aecid deficient
diet (0,44%),

Wide variation in the'phosphotus content was observed
between prawns fed on the ascorbic scid deficient diet and those
fed on graded levels of ascorbic acid in the diet (Fig, 29),
indicating the significant (PZ 0,05) influence of dietary
ascorbic acid level on the phosphorus content of prawns, The
highest phosphorus content was recorded in prawns fed on the diet
with 1,2 g ascorbic acid (1,98%) and the lowest in prawns fed on
the ascorbic acid deficient diet (0,98%), The prawns fed with
0.4 g of ascorbic acid in the diet had phosphorus content of
about 1,66% which was significantly higher than that observed
in the ascorbic acid deficient group, but significantly lower :
than all other group-.ﬁgoro phosphorus content varied narrowlyi
between 1,82ad 1,968%, However, an increasing trend could dbe
cbserved with increasing concentration of the vitamin in the
diet upto 1,6 g, followed by a gradual decline with further

increase in the vitamin concentration.
Ammonia @opcentration In Water:

The concentration of ammonia in the water (Fig, 30) in

which prawns were reared, varied insignificantly with respect to



Figs 30. Amonia concentration in seawater and ammonia
excretion rate in prawns fed diets with

different levels of ascorbic acid,
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the treatments, -The highest mean ammonia concentration was
recorded in the treatment groups where prawns were fed on the
ascorbic acid ceficient diet (0,043 mg NH‘-N/I/d) as well as

in those fed on the diet with 0.4 ¢ ueorbié acid, In all other
treatments the ammonia concentration ranged from 0,028 to 0,033
mg NH =N/1/day.

Ammonia Excretion Ratess

Experimental animals reared for 45 days and fed on diets
containing different levels of ascorbic acid, including the
ascorbic acid deficient diet were used for studying the ammonia
excretion rates for 24 hrs, in order to ascertain if there were
any significant 4differences in the ammonia excretion rates
between treatments, The study showed that the experimental diets
have highly significant (P ¢ 0,01) effect on the ammonia excretion
rates in prawn and that the prawns fed on the ascorbic acid
deficient diet, excreted significantly (P (0,05) higher ammonia
than prams fed on all other diets, The highest excretion rates
(Fig, 30) in prawns fed on the ascorbie acid deficient diet
(033 mg NH‘-N/_ g prawn/day) was followed by prawns fed on
diets containing 1,6 g ascorbic acid (0,27 mg NH‘-N/ ‘g prawn/
day) and the lowest ammonia excretion rate was observed in the
case of prawns fed on 0,8 g of ascorbic acid (0,19 mg NH‘-N/' -
prawn/day)e In all other treatment groups, the ammonia exéretion

rates ranged between 0,22 and 0,25 mg NH‘-N/ _ g prawn/day,
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OBSRERVATIONS
Molting:

The munber of exuviae collected each day from the
experimental tanks and the incidence of poste-molt deshs were
recorded, pooled and the average per treatment are shown in
Table 16. In the case of prawns fed on the vitamin deficient
dlet, maximum number of exuviae woS recorded during the first
four weeks and during subsequent weeks the number of exuv%.o
collected were relatively less, since the survival was rgduced
to sbout 50%, Among diets formulated with various levels of
ascorbic acid and fed to prawns, considerable variation was
observed from one treatment to the other in the number of
exuviee collected, The maximum number (38) of exuviae were
collected from the treatment with 0,8 g ascorbic acid and the
minimum number (29) recorded in the treatment with ascorbic

acid free diet,

Post-molt deaths (Table 16) were observed from the second
week onwarcs and maximumn numbers were recofded in the prawn
groups fed on the ascorbic acid deficient diet, Usually in
this groups, the prawns died within 24 hrs after molting,

The number of post-molt deaths also increased, after the third
week, in this group appreciably, In the case of treatments
where prawns were fed on diets with different vitamin concen-

trations, the mmmber of post-molt deaths differed significantl



TASLE 16s OBSERVATIONS IN PRAWNS FED WITH DIFFERENT
EXPERIMENTAL DIETS

Concentration of ‘Mean nos, of Mean nos, of Texture

L-ascorbic acid molts post-molt of the

i d recovered deaths body

| g22§g éfﬁ;y diet . |
0,00 33 B L) 80
0.40 32 8 H
0,80 38 10
1.20 32 13 H
1,60 30 14 H
2,00 29 8 SO
2,40 30 13 SO

H = hard, So=-soft
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between cach other, though maximum numbers were recorded at
higher concentrations of 1,2 g and 1,6 g/100 g Ary diet (13
Nos) compared to other dietary treatments. FPostemolt deaths
wvere considerably less in prawﬁ éroups fed on Aiets containing
Ov4 g and 0,8 g ascorbic acid, indicating that most molted

animals successfully survived,

Eood Intakes

In the first two weeks, the feed intake did not vary much
between trcatment grcups, and almost, all the cquantity provided
to the prawns were consumed, However, from the third week onwards,
in the group fed on the ascorbic acid deficient diet, a decrease
in food intake was observed and the amount of lefteover food
increased, as the number of days of experimentation prolonged,
The animals also responded poorly, when feed was introduced in
the mediunm, Similar responses were also observed, from the
fourth week onwards, in the prawns fed on the diet with 2,4 g
of ascorbic acid, However, in other treatments more or less,
no;mnl food intake was observed throughout the period of experiment
and the prawns were attracted to the feeds as soon as the feed

was introduced,

Behaviour Towards Lights

Table lamp light (1625 x 10% lux) when shown in the tanks,
the prawns showed varisble responses, The »rawns fed on the
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ascorbic acid deficient diet, fram the second week onwards
were observed to be most agitated to the light, Similar,
responses were also cbgserved in prawns fed on the diet with
2.4 g of ascorbic acid, from the fourth week onwards, The
animals showed -quick movements and took time to adjust to the
photostimuli, In all other treatments, the prawns showed
normal movements without showing much agitation throughout the

experimental period,

External i !

During the 43 days of experimentation certain changes
in the external morphology of prawns ware cbserved in response
to different diotu:y treatments, In the case of prawns fed on
the ascorbic acid deficient diet, in two specimens the gill
region was observed to show blackening after 20 days of
experimenta{:ion as shown in Plate I , Within a week, the
blackening intensified and one of the prawns died in 4 days,
The other prawn survived till the end of the experiment and
showed bhlackened gill and blackened le_sions in the abdominal
region as thick bands, These suspected diseased prawns with

blackened gills were observed to show passive movements,
Histological examination of these blackened gills could not be

done due to poor fixation of the tissues.

At the end of 45 days, the sxirviving prawns in the
ascorbic acid deficient groups showed soft, slippery texture,



PLATE 1, Juvenile P, indicus, showing blackening of ¢ills
due to ascorbic acid deficiency, I-in‘cction site,



PLATE I
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and had dark brownish spots densely spread cn the upper margin
of the rostrum and in the abdominal region. Similarly, dark
spots were observed on the rostrum and abdominal region in
prawns fed on the diet with 2.4 g of ascorbic acid, 1In all
other treatment groups no specific morphological changes were

observed, compared to a normal prawn,

Histoloqgys

Histological examination of abdaminal muscle and
hepatopancreas showed clearly that ascorbic acid significantly
influences the cellular structures, The normal muscle in ecross
section (Flate II, Fig, 4) appearad as distinct bundles,
ensheathed by a thin membrane~endomysium, Similar structure,
of the muscle was observed in almost all the ascorbic acid
1iets fed prawns, However, in the case of prawns fed with
escorbic acldefree diet the muscle fibres were scattered
(Plate II, Fig, 2) giving an appearance of disorganization,
which could have been as a result of degeneration of the
endomysium,which in normal condition binds the muscle fibres
into bundles, This degeneration of the endomysium and scattering
of the muscle fibres clearly demonstrates the role of the ascobic
acid in the maintenance of the cellular strustures, However, in
the longitudinal section no clear cut distinction could be made
betwesn the normal and affected muscle as & result of ascorbic

acid deficiency (Plate II, Figs, 3 & 1),



PLATE II, iiistological changes cbserved in the muscle of
Juvenile P. indicus fed with different concente
raticn of ascorbie acid,

Fige 1e2, Abdcominal muscle showing lytic
activity (L) Cue to ascorbic acid
deficiency $0 X

3. 3=d, NRormal abdcminal muscle of prawns
fed with ascorbic acid in tho’diﬂ.
50 X



PLATE 1II
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Similarly, the role of ascorbic acid in maintaining the
cellular structures of the hepatopancreas is also evident from
the study, 1In prawns fed with ascorbic acid free diet, the
hepatopancreas was found to loose its integrity with the prolong~
ation of the deficiency of ascorbic acid, The hepatopancreas
sections of these prawns showed a general atrophy of the lobes
(Plate 11T, Fig. 3) and a progressive appearance of comnective
tissue and hemocyte infilt ration (Plate III, Fig, 1 to 3),

Most of the tubules in these sections appaar aempty, with the cell
contents of the tubule cells asbsorbed with only the ghost cell

left behind, In some of the cells a number of pycnotic nucled
vere observed to line the tubules, In contrast, the hepatopancreas
removed from ascorbic acid fed prawns showed distinct tubules
(Plate III, Fig. 6) exhibiting almost all the details, These
sections showed distinct tubule cells with few numbers of

vacuoles, surrounded by distinct tubular membranes, The inter-
tubular spaces were alsc distinctly seen, unlike in the case of
hepatopancreas of ascorbic acid deficient diet fed prawns.
However, prawns fed with 2 g or more of ascorbic acid in the

diet showed tubules with fewer number of vacuoles with tubular
lumen much reduced almost tO a star shape (Plate IXI, Pig, 4 & 5),
Also in these sections progressive degeneration of the tubules
was seen (Fig, 4 & %) with number of the pycnotic nuclei
increasing., Thus, hepatopancreas seems to be the target organ

which 4is significantly affected by the ascorbic acid,



PLAT®

YIX,

Histological changes abeexved in the hepatopancreas
of juvenile P, indicus fed with Aifferent concente
ration of ascorbic acid,

Fige 14, 'Hopatomncreu'wbnlu showing
degenaration due in ascorbic geid
deficient fed prawns, V-vacuole,
Hehepatopancreas decenerating
eellular tissues, ET-ampty tubules,
L-lysed tubules, PHepyknotic nuclei

Fige S=6, Normal hepatcpancreas tubules ef
ascorbic acid fed prams.
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DISCUSS8ION

Among vitamins, ascorbic acid is a major biomalecule
taking part. in many of the biochemical reactions (lLevin, 1976),
Like most animal groups, crustaceans are incapable of
bioayuthésizinq ascorbic acid (Gupta gt al., 1972y Levin, 1976;
Magarelli and Colvin, 1978y Magarelli gt al., 1979) and there-
fore obtain this essential vitamin through the diet, Bacterial
synthesis is also quite limited to meet its demand (Lewin, 1976;

Heinen, 1984),

Supplementation of ascorbic acid has been found to be
essential in semi-purified and purified diets for cultivable
specics of crustaceans (Kitabayesshi @t al., 1971by Guary gt ale.
1976y Magarelli gt al., ° 1979y Heinen, 1984), However,
when natural diets are fed, ascorbic acid supplementation may
not be essentisl and may lead to hypervitaminosis aecording to
New (19760).

The results cbtained during the present study relating to
’curvivnl. growth, f£ood conversion, body composition etc., show
that for éhc early juveniles of P, indicus, dietary supplementation
of ascorbic acid is essential and that concentrations between
0.4 g to 048 g/100 g Ary diet is necessary for proper growth
of the animal, The present findings, based on growth and
aurvivai. are comparable to that of Guary et al.(1976), who
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reported that P, japonicus has a dietary requirement of 1-2 g
of ascorbic acid/100 g diet,

The study clearly revealed the highly significant (P £0,01)
effect of dietary concentrations of ascorbic acid on the survival
rate, Prawns fed on the diet deficient in ascorbic acid for six
weeks showed very low survival rate (30%) compared to the prawns
fed with aszrbic acid in the diet which ranged from 73 to 83%,
Guary gt al. (1976) also reported relatively poor survival in
P. jsponicus fed on ascorbic acid deficient diet, though they
obtained relatively higher percent ;u;rvival after 37 days of
experiment, On the other hand, Mi;u-oni at al. (1979) reported
survival rates of 8% and 34% for P, galiforniensis and
P. stylirostris, respectively, whan ascorbic acid was deleted
from the diet,

The effect of dietary deletion of ascorbic acid was pro=-
minent from the third week onwards, suggesting that the prawns were
subsisting onascorbic acid seserves present in the tissues for
initial 2 weeks and thereafter on depletion of tissue ascorbic
acid reserves, resulting in high mortality rates, Magarelli and
Colvin (1978) found that the T (half-life period) of ascordbic
acid in P, galiforniensis and P. stylirostris to be 12,5 days and
3.5 days, respectively. They suggested that T); varies with
species. 5o possibly the Tk for juvenile P, jindicus could be

some where between 12«15 days, when the mortality rate in prawns
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was relatively lessy but beyond this half-life period of ascorbic
acid, due to no further supplementation in the tissues through

diet, mortality rate enhances,

While, the present study clearly demonstrates the
essentiality of ascorbic acid in the diets of juvenile prisms,
Deshimaru and Kuroki (1976b) observed that ascorbic acid is not
required in the diets of P, jgronicus. Yet, ‘later studies have

shownthe need for ascorbic acid supplementation even in the diet

of P. laponicus (Guary ef al.. 1976), P. givlirostris and
P. galiforniensip (Magarelli et al,, 1979) also,

Significantly, variations in survival were observed only
between the treatment without ascorbic acid in the diet and those
with graded levels of ascordbic acid in the Adietss; but no signifi-
cant differences could be observed between thc prawn grouns fed
on diets containing various concentrations of ascorbic acid,

The concentrations selected for dietary formulations, probably,
wvere relatively higher to bring about any marked variation in
survival, Guary gt gl. (1976) reported increased survival
fates with increasing concentrations of ascorbic acid in the
dist with a maximum (94%) survival at 2 ¢/100 g dry dlet fer
Po W. However, in the present study, maximum survival
was recorded (83,3%) with 0,4 g ascorbic acid/100 g diet, the
minimum éonc,entration used, Magarelld et al. (1979) reported
maximm survival in P. californiensis at 1.2 g ascorbic acid/
100 g dry diet (62%) and in P, gtylirostris at 2.2 ¢/100 g dry
diet (54%), Thus, the studies of Guary gt al. (1976)
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and Magarelli et al, (1979) and that of the present study,
all highlight the need for ascorbic acid supplementasion in
the diet for maximum survival of prawns. These results also
indicate the marked variations existing between species of
prawns in the cquantitative requirement of ascorbic acid in
the dieta.

Further, variations in growth were also observed with
respect to the Aietary ascorbic acid concentration, esprcially
in treatment groups vhere ascorbic acid has been supplemented
in the diet., Even though relatively higher growth (wet weight
and dry weight) was recorded in prowns fed on the ascerbic acid
deficient diet, the data cannot be considered for growth
comparisons, because the growth attained is mainly due to the
feeding of the dead prawns by the surviving ones, which alters
the results considerably, since the study was done on group

basis,

The percent gain in length, dry weight and wet weight
were highest in prawns fed with 0,8 g/100 g dry diet of ascorbic
acid, compared to other treatment groups. Increasing the
ascorbic acid concentration in the diets beyoné this level
(0.8 g) did not promote growth, These obsnrvations in growth
were similar to that reported in P. japonicus (Guary gt 8l.,1976),

and in P, californiensis and P, gtvlirostris (Magarelll e% al..
1979)., However, the decline in the percent gain in length and
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weight at higher concentrations (> 2 g) could be due to toxic
effect of higher levels of ascorbic acid in the diei, as
observed by New (1976a) and Heinen (1984),

Apart fram survival and growth, specific food consumption
(SFC), food conversion ratio (FCR) and protein efficiency ratio
(PER). were also significantly influenced by ascorbic acid
deletion or supplementation in the diet., Prewns fed diets without
vitamin C or with sxcess (Z.1,2 g) vitamin, showed more food
intake but less  conversion, According to éakér gt al. (1971)
when ascorbic acid concentration in tissues reaches a peak level,
the excess is excreted out, But till date n6 experimental proof
has been cstablished to ascertain whether crustacesns have the
ability to gat rid of excess of vitamin from their body (Heinen,
1984), Howaver, from the poor growth and conversion ratio at
high concentrations of ascorbic acid in the diets of prawns,
it is apparent that hypervitaminosis induce stress in prawn,
resulting in increased energy expenditure to get rid of the
-xﬁ'eu vitamin thereby affecting growth and food conversion
inspite of high food intake.

8imilar, results were obtained for PER values in the
present study, wherein the hichest PFR was recorded at 0,8 ¢
of ascorbic acid in the diet, which was significantly higher
than the other treatment groups, This indicates that dietary

proteins are more efficiently metabolized for synthesis
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of tissue protein at this concentration level of ascorbic acidy
whereas low PER values in other treatments indicate poor
utilization of protein by the prams.

The dietary levels of ascorbic acid also affected the

chemical composition of the carcass of ,prawvns. The moisture

conéent in prawns showed fluctuations when ascorbic acid was
deleted or given in excess of 0,8 g in the diet, The lowest
moisture content was reccrded in prawns fed §n diets with 0.8 g
of ascorbic acid wherein the growth and PER of the food were
also maximum suggesting that prawns gvow well at this
concentration of vitamin in the diet, Higher moisture content
in prawns from other treatments suggests that more of energy
nmutrients are utilised for enhanced energy needs, under dietary
stress resulting in more water imbibition and poor deposition

of organic and inorganic nutrients,

Ash ‘content of prawns was also significantly influenced
by the different levels of ascorbic acid_in the diet, and the
ash content showed a steady increase with increasing levels of
ascorbic acid in the diet, Calcium,magnesium and phosphorus
contents were £0unq to be significantly lower in prawns fed on

the ascorbic aecid desficient diet,

Since molting is an essential phvsioclogical process in
crustaceans and that during molting considerable amocunt of

minerals are 1lost in the éxuviae as well as these minerals
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required for the synthesis of new cuticle, it can be expected
that any imbalance in the uptake of these minerals cen have
Significant influence on growth and body camposition, Earliex
studies have shown that uptake of caleium (Mghajan and Agarwal,
1980b) and phosphorus (Levin, 1976, New, 19760)are affected by
ascorbic arid in the dlet, Besides at low concentrations of the
vitamir, relatively higher numbers of post-molt deaths were
observed during the present study and this may be due to inadequate
concentration of minerals for synthesis of new cuticle, In
comparision, post-molt deaths were relatively few in all other
treatments, Ferhavps, the calcium and phoschorus uotake in

prawns seems to be unaffected by the different levels of ascorbic

acid in the diet,

Conklin (1983) reported that under vitamin C deficiency,
alkaline phosphatase activity was inhibited resulting in poor
chitin synthesis and Sclerotisation of the epicuticle.Prawns
have been reported to grow by the processpf ecdysis (Passano,
1960) for which essential ingredients are required for chitin
synthesis and sclerotization of the epicuticle, The increase
in post=molt death in prawns fed on ascorbic acid deficient diets

further may be due to above reasons,

Aamong the organic nutrients in the tissues of prawns,
protein was observed to show a declining trend with increasing

vitemin concentration in the 4diet, At higher concentration of



162

the vitamin in the diet, increased catabolism of protein probably
occurs due to hypervitaminosis which may induce stress. This was
also evident from the high ammonia excretion rate, Low ammonia
extretion rates in lower concentration of ascorbic acid fed

prawns indicates probably protein mobili:ation from reserve

areas is perhaps inhibited from being catabolized., Such

inhibition of over oxidation process by ascorbic acid,by regulating
mobilization of reserve materials was reported in plants (Saxena,
1969y Chinoy gt al., 1970a) Chinoy and Saxena, 1971/, These
inhibition of over axidation by ascorbic acid may be imbalanced

in tissues when used in excess levels resulting to the breakdown
of closely related metabolic rathways and thua poor growth may
result as shown in the present study., Although, highest protein
content was recorded in prawns fed on the vitamin C deficient diet,
this cannot be considercd for comparison because of low survival
rate and hich cannibalism rates, which significantly influence

the results,

Lipid, being a major energy component in all living tissues,
wvas found to be influenced by the ascorbic acid lewels in the Jiet,
At higher concentrations of ascorbic acid in the diet, the lipid
level in the tissues gets markedly reduced sugg-sting that
possibly lipids are mobilized freely from the reserve gones and
were catabolized along with other energy nutrients, Poor l1ipid

content in prawns fed with high ascorbic acid concentration in



163

the diet could alsq be due t0 higher lipolytic activity
(Berthet, 1960; levin, 1976) as shown in rats,

On the other hand, the high values of protein and lipid
in prawns fed with 0,4 g ascorbic acid suggests that at this
concentration of ascorbic acid, the over-oxidation of proteins
and lipics is perhaps limited, as the movement of these energy
nutrients from reserve depots is qreatly restricted, as showvmn in
plants (Saxena 1969; Chinoy et al., 19703y Chinoy and Saxena,

1971).,

Carbohydrate content in prawns was not sicnificantly
influenced by the levels of ascorbic acid in the diet, suggesting
fhat eventhough ascorbic acid has prominent role in tissue
metabolism by involving itself directly or indirectly (Levin,
1976)y the lipid and protein metabolism seems to be influenced

more than the carbohydrate metabolism,

Ascorbic acid hes been reported to affect RNA synthesis
(Price, 1966), Since ascorbic acid influence aynthesis of
collagen (Lavin, 1976; Magarelli and Colvin, 1978; Lightner
et 8l.s» 1979y Lichtner, 1983) and activity of various enzymes

(Levin, 1976)s it can greatly affect the RNA content in tissues,
In the present study though there was no siqnificant difference
between the RNA content in prawns fed on diets containing

ascorbic acid rangino from 0,4 g to 1.6 g, a slighkt decline
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in the RNA content was noticed as the concentration of ascorbic
acid increased, This suggests that RNA synthesis 4is not
influenced by ascorbic acid in the diet at thcse soncentration
But the significantly low RNA content recorded in prams, fed

on Giets with 2 g or more cf ascorbic acid as compared to
prawns fed on diets with less than 2 ¢ of ascorbic aeid, suggests
that hich concentraticn of ascorbic acid 1nh1b1£- RNA lyntheiiq.
Low RNA syntheais reflects on lower protein content and poor
growth, However prawns fed on the ascorbic acid defimiemt diet
had relatively higher content of RNA, but the results are not
comparable as very low survival was recorded at fﬁo end of the
experiment due to cannibaliim which significantly affected
the result, Although, no significant variation in DNA conten

of prawns was observed yet with increasing concentration of
ascorbic acid, the DNA content in prawns showed a gradual decline,
probably ascorbic acid at high concentration in the diet has
inhibitory affect on DNA content, \Nith increase in dry weight
there was decrease in tctal RNA content indicating that protein
synthesis is greatly affected by higher concentration of ascorbic
acid, This 1is further supported by the lower protein content in
prawng, accompanied by poor growth with the increase of ascorbic
acid in the diet. The RNADNA ratio, also showed significant
decline when ascorbic acid was added in concentration higher than

1.2 g, 1hdicating poor RNA synthesis due to hyvervitaminosis,
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The amrnonia excretion rate in prawns was also affeeted by
the ascorbic acid concentration in the 4diet indicating the
influence of ascorbic acid in protein metabolism, Prawns fed with
ascorbic acid deficient diet,excreted significantly higher
smmonia than the prawns fed with variocus concentration of
ascorbic acid in the diet. The higher ammonia excreticn in the
former group of prawns, indicates increased metabolic rate probably
to overcame the dietary stress as a result of avitaminosis and
thereby more energy is utilized by catabolizing protein in
keeping up the normal metabolic rate, Becides the metabolisable
proteins may be catabolized Aue to relatively low gctivity of
ascorbic acid activated engymes involved in protein synthesis,
especially those involved in collagen synthesis, The influence
of ascorbic acid on enzyme activity has been well established
(Levin, 1976),

Histologicel examination of muscle and hepatopancreas
show distinct morphological changes occurring in these tissues
of prawns by feeding with ascorbic acid deficient diet or with
graded levels of ascorbic acid in diets, Prawns fed on the
ascorbic acid deficient diet showed marked vacucligation of
hepatopancrcas tubules as a result of aitolysis, Only the
remains of qgsgizgggégg*vere seen, with the connective tissue
stroma of tg; tubule remaining intact. Most of the cells in
the peripheral region were pyknotic with the central region of
tubule occupied with tissue debris and remnants, This
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vacuolization in the hepatopancreas tubules, possaibly occurs

as a result of release of proteolytic ensymes which might start
digesting the tissue as a result of stress induced by ascorbic
acid deficiency, As ascorbic acid has been known o requlate
the movement of energy nutrients from storage organs, (Saxena,
1969, Chinoy gt ale.., 19702y Chinoy and Saxena, 1971) and also
has tendency to reduce the surface tension Of various macro and
micro molecules present in tissues (Levin, 1976)s probably
under'deficiency'bf ascorbic acid,the tissue may be losing
these properties resulting in vacuolisation of tissues. On the
other hand,the tubular cells of hepatopancreas in prawns fed on
ascorbic acid containing diets were distinct and well defined
with a centrally placed nucleus surrounded with cytoplasm,
There were no large inter-tubular spaces which ware seen in the
hepatopancreas of ascorbic .acid dcficientfizid prawns, Apart
from the structural changes in hepatopancreas, ascorbic acid
deficient dict fed prawns showed empty spaces in the muscular
region as a result of lytic activity under deficiency conditions,
Rcﬁlons where the tissue was damaged was found to be infected
with bacteria, Similarly the gills in few specimens of prawms

fed on ascorbic acid deficient diet, showed darkened bands,
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CONCLUSIONS

The present study in early juveniles of P. indicus
clearly showed the essentiality of sscorbic acid in the diet
of prawns, From the study, it s quite evident that deletion
or supplementation of vitamin C has significant influence on
survival rate, Even on supplementation of lecithin in the diet,
which was shown to enhance survival (Conklin g al., 1978), the
mortality could not be reduced, Most of the deaths recorded
in vitamin deficient diet treatments were as a result of post-
molt deaths, Histological examination of prawns suggestg that
under. deficiency of vitamin C, lytic activity of tissue in the
muscle and hepatopancreas becomes prominent, resulting in the
breakdown of cellular machinery and increased suseeptibility to
pathogenic bacterial infection (Lovell, 1973), making the prawn
incapacitated, resulting ultimately to death, FPost-molt deaths
are usually high in these treatment groups. The present
study shows that poor calcium and phosphorus uptake in prawns
is partially responsible for most post-molt deaths, engineered

by the dietary ascorbic acid deficiency.

Further, the present finding indicate that ascorbic acid
concentrations ranging between 0,4 and 0.8 g of ascorbic acid/
100 g dry diet is preferable in the diets of juvenile prawns.
However, the requirement may decline with increase in age

(Mahajan and Aqirwal. 1980a) ©ov' influence of other parameters
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(Terzroine, 1953; Kanazawa gt gl., 1970) Kutsky, 1973, Levin,
1976y Hilton gt al., 1977y Millikxin, 1982),

However, in the present study, the requirement of
relatively high concentration of ascorbic acid is justifiable
under the presernt temperature and other environmental conditions,
as it has been reported that higher dosages are required at
higher temperatures (Tseitina, 1965; Siddique et al., 1972;
Scott, 1975) and to compensate the loss throuch leaching of the
vitanins from the diet (Milton et al., 1977, Halver, 1982;

Heinen, 1964),

The present recommended levels of ascorbic acid for
juvenile P, indicus are also well supnorted by low specific
food consumption and conversion, high protein efficlency ratio,
protein deposition, ash aenositioﬁ, along vith high growth and
survival, Histolo~ical examination of the +issues aleo clearly
shows that the musculature and hepatopancreas are well developed
in these prawns unlike the observations made in ascorbic écid
free fed prawns or high dosages of ascorbic acid fed prawns,
The activity of the animals were normal, unlike the other

treatment groups.



CHAPTER-V
CHOLINE REQUIREMENT
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INTRODUCTION

Choline in bioclogical tissues exists, both in free and
combined state, in the form of lecithin, acetylcholine and in
certain plasmogens and aphinqo:mllna, In biological tissues
it functions as a methyl donor and as a lipotrcpic and anti-
heamorrhagic factor, In addition to these, in methylata&
state as acetylcholine, it functions as an important nero-

transmitter (Griffith and liye, 1954 Vest et al,, 1966),

One of the earliest reported deficiency symptoms of
choldine was in rats, where it causes the development of fatty
liver (Mockerji-a, 1971), Other deficiency diseases in higher -
organjisms have been reportod in the excretory organs as a result
of haemorrhagic degeneration (Criffith and wWade, 1939; ﬁcLaren
et al., 1947a), In birds, perosis has been reported as a
result of choline deficiency and reversed only by administering
methyl donors in the form of choline or hetaine (Jukes, 1941
Pixe and Brown, 1975), The haemorrahgic diseases have been
assumed to bhe caused by the poor acetylcholine concentration in

the organs and a low concentra_tion of blood clotting factor,

Choline deficiency symptams in animals can be judged
from poor grovwth rate, food conversion, and by inpaired fat
metebolism, Halver (1957, 1989) and Coates and Halver (1958)
reported increased gastric emptying time in salmon fed on



170

choline deiicient diets, Choline deficlency in rainbow trout
resulted in anemia and kidney degenaration (Mclaren et g;;.1947a).
In the crustacean, Oniscus ascellig, it was found that in the
absence of methyl domors, longevity dcgrcuod £rom 90 to 28 days
without affecting the weight (Beerstecher gt a).. 1954bs; Fisher,
1960),

In crustaceans only meagre information is available on
dta role'.—;n.c‘f_‘reguircnent. However, lecithin {(phosphotidyl
chbline) is