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PROCEEDINGS OF THE SUMVER INSTITUTE
| IN
RECENT ADVANCES IN FINFISH AND SHELLFISH
NUTRITION

Recognising the importance of nutrition in
aguaculture the Indian Council of Agricultural Research
sanctioned a Summer Institute which was held at the CMFRI,
Cochin from 11 to 30th May 1987, |

Twenty'nine candidates sponsored by the Heﬁds of
various research, educatioﬁ and development organizations
dealing with aquaculture in the country were the
participants, | '

The Institute comprised of lectures, practicals,
demonstrations, field visits, group discussions covering
the latest developments and recent advences in the fleld
of aquaculture nutrition, _ |

The Summer Institute was inaugurated by Prof.C.A,
Abdussalam, Pro-Vice-Chandellor, Cochin University of
Science and Technology on the forenoon of 11th May 1987.

A valedictory function was organised on the
30th May 1987, when Dr.M. Sakthivel, Director, Marine
Products Export Development Authority deliverecd the
valedictory address and also distributed certificates to
all the 29 participants who have successfully completed

. the course,
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'FOREWORD

Aquaculture is recognised as one of the frontier
areas for aﬁgmenfihgkthe fish and shellfish production of
the country, to partially meet the demands of animal protein
for the increasing papﬁlation”and td'mitigate'the growing
protein-malnutrition to some extent. A traditional
extensive type of aguaculture is still practised by the
fishermen in the States.of West Bengalg Orissa, Kerala and
in some parts of the North-Eastern States; but the |
production'from‘thié éystém'rabely'exdeﬁded 1000 kg/ha,

Recent studies have shown that.substantiél
increase in ﬁrbduction of fish and prawns could be achieved,
from an unit area, through judiﬁiOUS'ﬁse of operational
inputs such as feed and fertilisers. Besides, studies in
India and elsewhere have shown that survival, growth,
maturation5 and spawning of finfish and prawns are
significantly affected by the quality and quantity of feed
supplied, Thus nutrition plays an important role in
aquaculture. | " |
| In most species, the larvae have been found to
require livemfood:organisms.' So, the production of seed
of many species depends upon the quality and quantity of
live~food organisms supplied to them. Thus, the
identification, 1solation and mass culture of live-food
organisms is an integral part of fish and shellfish
hatcheries, While the young and adult molluscs continue
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to show preference for live~food, finfish and crustaceans
can be cultured on nutritionally adequate, compounded -
practical feeds in intensive systems and supﬁiementary feeds
in semi-intensive systems, For the formulation of feeds,
information on the nutritionsl requirements of the
cultured species, the nutritive value of easily available
~and cheap ingredients, the need for food additives,
binders, growth promoters, diet type ete¢, are required.-
Besides these, information on effective.feed dispensing
procedures, frequency of feeding, feeding rates, time of
feedirg etc. are also reguired, to obtain maximum
efficiency of the feed.supplied._

During the past one decade the Central Marine
Fisheries Research Institute conducted research on these
priority areas of nutrition through mission oriented
research by scientists_and'M;Sc. and Ph.D. students of the
UNDP/FAO/ICAR Project "Centre of Advanced Studies in
Mariculture®, Through these researches a great deal of
information, which has relevence to aquacul ture has been
generated, A few scientists of the Institute were also
trained in dvanced hutrition laboratories abroad and a
number of exports offerred consultancies at the CAS in
Mariculture, Laboratories for advenced research and
education were also set up, Thus the Institute has: |
developed an active team of research scientists, students

and excellent f%bilities for research,
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Research without extension is of very little
use for development, Considering this fact, to disseminate
the information gathered by the Institute and to share the
expertise developed in the fleld of nutrition, the
Indian Council of Agricultural Research sanctioned a
Summer Institute in "Recent Advances in Finfish. and
Shellfish Mutrition® at the Central Marine Fisheries
Research Institute from 11 to 30th May 1987. This volume
comprises of the technical papers prepered and presented
by the Faculty, |

The Director and faculty mémbers express their
gratitude to the ICAR for the financial assistance
provided, They are also thankfﬁl to the Heads of various
organisations for spbnsoring the candidates for th;

Summer Institute,

™

L5
S.B.R, JAMES

Director, Summer Institute and
Director, CMFRI. -
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SUMMER INSTITUTE IN
* RECENT ADVANCES IN FINFISH AND SHELLFISH NUTRITION
11=30 May, 1987

FINFISH CULTURE IN INDIA - AN OVERVIEW

P S.B. R. JAMES
Central Marine Fisheries Research Institute
.Cochin=682 031.

Finfish culture is an ancient occupation in
Indie and it assumed various levels of importance during
its developmwent, through many centuries. At present finfish
and shellfish culture beceived considerable national
importance in view of the recognition of fish and other
aquatic organisms as a source of high quality pbotein food
for the people in many parts of India, Besides, planned
development of aquaculture would generate numerous

employment Opportunities, especially in the rural areas.

‘Resources available for £i nfish culture.

India is endowed with large water resources
suitable for finfish culture and numerous species of
finfish (Table 1) amenable for culture under'a-variety of
environmental situeticns. Although,the_tctal area
available for freshwater fish culture in ponds and tanks
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ié'estiméted as 1,6 million hectares, only about 0.6 million
ha is at present utilized for fish’farming.(Jhingran, 1982),
The aréa"under'brackiéhwater,culture (both fish and prawns)
is about 50,000 ha (Natarajen, 1985), though an estimated

- 2 million ha brackishwater area is available élong the
coastline for development, In addition to these, there are
potential areas in rivers, irrigation canals, reservoirs,
lagoons, bays where cage aﬁd pen culture systems could be
developed., According to Natarajan (1985) about 27,300 kms
of major river systems, 1.25 lakh lkm length of irrigation
canals, and 30 lakh ha of iarge and medium reservoirs are
évailable in the freshwater sectob; and about 2,4 lakh ha
of brackishwater légoons, estuarles and béckwaters are
evailable in the brackishwater sector. In eddition to the
above, saline lagoons and bays in the islends and salt pan
reservoirs are potential areas where cage éulture could be

developed,

Culture of cold water fish:
| _ India has vast cold watef resources such as lakes,
streams and riveré and a good number of indigenous and
exotic species of fish for development of finfish culture,
Most of the cold water resources are in the Himalayas, in
the States of Jammu and Kashmir, Himachal Pradesh

Arunachal Pradesh, Uttar Pradesh, west Bengal and North-
Eastern Hill States. In the peninsular region Nilgris,
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Munnar High Ranges, Kodai Hills have some streams and
reservoirs., The most important culturable species are listed
in Table 1, Unlike the warm water species, which are
exclusively produced for consumption, the cold water fish
culture is principally done for development of 'Sport
fishery'. :Among the cold water specles the rainbow trout
Selmo gairdnerii gairdmerii is the most important being
domesticated both in the Himalayas and Peninsular High

Ranges, Drowm trout and brook trout are exclusively found
in Himalayen region. Recently, indigenous species such as
snow-trouts and mehseers are being inducéd_bred end seed
production achieved, Commercial farms have_alsd been
developed for trouts in the Himalayaﬁlregion under_the‘State
fisheries development programme, A Nationel Research Centre
for Cold-water Fisheries has recently been set-up for

intensification of research on Coldrwater Fisherles,

Culture of warm water fiSheS{
Warm water fish culture is carried out in

i freshwater and bréckisﬁ/ooastal waters,  The most important
species are iisted ianable 1. ﬁarm water fish farming hes
been in vogue for ceﬁtubies in both freshwater and brackish-
water ponds; but the.practipe.until recently has been
exclusively of an extensive type of reafing; where the
production rarely exceeded 1QOO kg/ha, 'However; with the

%development of proven fechnolbgies_and scientific mahagement
i . _ . .
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by

strategies productions ranging from 3000-5000 kg/ha have
been échiéved under semi~-intensive carp culture systems,
Potential fcf:achieving a production of 10 fonnes per ha
for carps iq polyculture systems (composite;fish culture)
and 55 tohnes pér ha for live~fishes has been'shown by the
researchés_cérfiedlout by thé‘Central Inlapd Eisheries
Research Institute, | |

In brackishwater culture systems, production from
the traditional sector varies from 500~700 kg/ha, whereas,
the recentiy developed semi-intensive practices have shown
production potential ranging from 2000-2500 kg/ha through
polyculture df-finfish and prawns. Experiments carried out
by the CMFRI; have shown the potential of pen culture of
milkfish in coastal saline lagoons, and milkfish end mullets
in polytheﬁe_lined ponds in.coastal areas,

Some of the other potential areas for fish culture
development are: cage culture of finfish in reservoirs,
lakes, irrigation canals, rivera,.lagoons and sheltered
bays including the iagoons and bays in the islands. These
aspects have received ver& little attention till now.

Another promising area for research and
development is culture of ornamental fishes or aquariuﬁ
fishes of both marine and freshwater origin as these fishes
have good exporf potential.
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Thus there 1s abundant scope for augmenting the
fish culture production of the country, by utilising more
areasg for'culture, by adopting new methods such as cage
culture, and by intensifying the culture practices in the

existing systems,

REFERENCES

Jhingran, V.G,; 1982, Fish and Fisheries of India,
Hindustan Publishing Corporation, Delhi,

Natarajan, A,V., 1985, Potential and prospects of_In1and
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Technology of Fish, (Ravindran gg al., (eds).
pp. 14-18, |



Table 1.

Freshwater ggecies'

Coldwater sggcies'

Salmo gairdnerii gairdnerii (rainbow trout) &

1.

2, Selmo trutts fario (brown trout) a-

3. Salvelinus fontinalis (brook trout) a

4,  Schizothorax plaglostomus (snow trout)

5, Schizothoraichthyg esocinus ( )

6. Tor putitora o

7. Ior tor

8, Tor khudree

9. Acrbsspche}lus?hékggonOIQQis'"-

10. Cyprinus carpio communis (mirror cerp)

11, Cyprinus carplo specularis (soale ocarp

Warm-water specieg: -

(a) Carps: _ g

1, Catla catla (Catla)

2, Labeo rohita (rohu)

3. . Cirrhinus mrigala (mrigal)

4,  Labeo calbasu (kalbasu) :

5. Labeo fimbriatus (peninsular cm::p) )
Ctenopharyngodon idella (grass carp) a -

Ts gxggphthalmichth_‘molitrix (silver carp) a

8.

(b) Live-fishe3°

1_‘
2.
S
4,
5»
6.

Cyprinus carpio (common carp) a

Clarias ba;rachus’

Heteropneustes fossilis
Arjebas testudineus

Channa marulius
Channa punctatus
Channa striatus

Important culturable finfish species

a. .

)a
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{c) Misceilaneéus sps..

1. Mystus aor

2, Mystus seenghala

3. VWallago attu

4,  Pangassius pangassius
5. Tilapia sps,

Brackishwater/coastal species

1. Chanos chanos (milk fish)
2. Mugil cephalus

3. lize parsie

4, liza macrolepls

5. Osteomugil cunnesius

6, Etroplus suratensis

7. Etfroplus maculatus

8. Lates calcarifer

9. Epinephelus tauvina

10, gSillago sihama '

11, Siganus spps

(a) -Exotic species,
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7PRESEﬁT]Si§TUS"OF'CRUSTACE&N"CULTuhE IN INDIA

'P.- VEDAVYASA RAO

Regioncl Centre of the Central Merine Fisheries = i
‘Research Institute R
. Mandapam Camp -~ 623 520

| *INTRODUCTION x.jpﬂv‘ oo

The crueteceane that are cultured include the most.
familiar decapcda - the prewne. lohetere and crahe, and the
emaller. lcwer cruetaceans euch as ancetracans. cladoceransy
and copepods. The fcrmer group. due to their greater feod
value and econcmical importance. hae attracted coneiderable
attention for culture 4in the confined and manageaﬁle water
bodies. Among them, the prawns in consideration of thelr
demand, the state of art cf culture and the developmental
- enphasis. are most important and occupy the foremost
place in the culture fieheriee of India. Althoggh the
culture of.lobete:s,and crahs has heen attempted in the
country since thé past decade, the total effort involved both
in research and development has been limited, and’ ¢onbEquently,
the technology of their culture is stiill in" an experimental
stage. The lcwer'cr&et&ceane cultured at presant are mainly
used as live food erqaniams for rearing larval and poste
larval etages of finfishes and shelifishes. An attempt’ ib
-made here te~preheﬁ£Athe*in£0rmaticn'eﬁ“£he statue~ef~culture
of different crustaceans. conetreinte encountered and prom
spects availahle. _::J

) pRAWN'CULTURE

The penzeids helenqinq to the getera’ gggege and
ﬁE&éEEQQEQE.aﬁd carideans of the genera Macrobrachiim and
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Palaemon constitute the important groups of prawns involved
~in the culture fisheries of India, ‘While the penaeid prawns
form the principal component of the production .in the aqua~-
culture in the hrackish water, Macrobrachium is mainly
farmed in the fresh water regimes and in the paddy fields
ﬂin the rainy 86asONe

Prawn farming in the hrackish water practised at
present in India can be hroadly classified into three
categories on'the basis of the prevailing farming systems.

1.' Paddy cultivation during rainy season (June=
_September) followed by prawn farming in the fair scason
(October-April} in the law lying earthern fields adjacent.
to estuaries and hackwaters = thia system 1s princ;pally
concentrated in Central Kerala, along the northern coastal
waters of Karnataka. Goa and to certain extent in West
Bengaly | |

2. Prawn farming in relatively larger and decper
- earthern fields throughout the year as seen in certain areas
of Central Kerala and in the large 'Bheries® of West Bengal.

3. Prawn farming in the f£ields eradicated of
_undesirable organisms and prepared appropriately before
stocking, stacking with species that grow f£ast and command
good price and demand, and growing them to marketable size
with supplementary feeding and water supply management as
practisednby.progressive-farmers'and entrepreneurs in
several reg;ons of the country in recent times,

In the former two eategoriee. the basic technology
of prawn farming is similar. The stocking of the field is
accomplished by the seed bhrought in by the incoming tide,
The seed thus entering the field is allowed to grow for a
short period hy feeding on the natural food available in



'*'competitive species

'_.found to be. lc;w'

the £ield ana,fm

;'Z;‘present pravy W and-large
. follows this e indiscriminate

u and uneontrofi
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:tiate culture purpose«
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of the ccuntry Quring : the bast 1Q years. .. Fram”the.informaticn

'feveilab&eu the follcwing Observaticons are madee

Gein IR

1.: In all the maritime atates,_f 'ff is an

,f,jfincreaaing awareness of the rcle cf p;awh ferming as a

.....

'ment prcmction egenciea end fish farmcrs.,;Qf

Ease-line 1n£ormetich on the gruwth under

”'ceptivity and on- the availability ‘dnd ‘Hburtddnce of seed of
3'candidete—speciee af prawns ‘{n‘different ‘gsthiaries and »acke
' watérs of the states are now' avalianla, *The data gathered

on seed resources have shown that adequate quantities of
aeed could be collected from the natural eource for immed~-

- imm

3. chever, ‘as eften fish farmers fail to procure

-'the seed as and when required-for: culture and eince continued
cellecticn of seed in’ large quantities £rém ﬂature wculﬁ

effect the capture fisheries, the need for’ eetabltshmont of

. hateheries has been ‘realised. The technique for hatchery

producticn of séed of penaeid prawne is ncw evailable in the
country. ‘Pollowing - this, two commercial hatcheries. the”
Regicnal Shrimp Hatchery at kzhikode near Ccchin helcnging

0 the' Goverrment of ‘Kerala and the othar Dne at Kovaiam,

near Madiss Héldnging to M/s. Hindustan Livérs ‘vtd arc now

f'prcducing and supplying the’ eeed. ‘Besides, the ‘comnercial
'hatchery established recently at Asangocn in Thene District

in Msharashtra hae also started producing the geed..

' Hatcheries are also 'being establiehed 4n Orissﬁg Andl;:.ra,
) Predeah. Tamil Nedu. Kerala and Karnateke .
'Prcducte Expcrt Development Authority agd the Etete egencies.

Merine
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SR ‘dévelaped. Mthough t,he‘ YOung prawns grw 'we,_l:'."{. .in Lhe v

”"faund to vary: from 39 5 kg &0 1&29 kg/ha during a grewth

SR par.i,od vary:l.ng £rom:90.to 15@ ‘Gayss .The larval: devalommt

o le 'i:l:nand M. idells has been studied, Natural
'-'._s ed _gréum of. thase’ species have: been located at saveral.
regicrhh. i‘ielﬂ mcperimmts on: the culture of ﬁ ,IJEJ-C:_ _qﬂl Oné,,
have shémn a: product:l.on rata of.- 285-300 k.g/l'aﬁr. R I

19. 'Ib pmvide a strong ré&aarch Buppor.'t for __the |

cuitumﬂwmeamh has recently estahli@hed 2 new

ta. namélys  Cantral Institute of Brackistwates Aquac;
Thib’T‘i& m ad&i*tic:-n tc: tha,gct;iva reaemh pr@-

'muwtet Bamal Institute of mamm@s Edncamau antt, gzt
' IeurelsUniversities having: fisheries Pecultyi. ;:o'n %he
.e-devaanpmmwmnt., all the: maxibd.me stataa andv Un:lm
Tem:.i.tua:" = .have assignad priority for the davelopment of
prawn culture and ‘have drawn up developmental projecta for
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'e_Seventh'?i1e"ear Plan period

hrackish watef ‘a2t an estimated aoat ‘Of B¥ 30 croves.

~ Bésides; the Marinf“nxport Development Authority has
'f‘programmes to deval&p 2.200 ha during ﬁhe Seventh Plan
under its direct éasistance apart from' varioua other
assistance to small. medium and’ large farmers. The - Authority
. has also scheme to set up ‘hatcheries,” extanding ftnancial
_asaistance and buildiyg up of technical manPOWBr._ The ‘other
- Institution iHVleed in the development of the sector are-

' the Central Institute of Coastal Engineering for Fisheries,
Indian Institute of Tuchnology, Kharagpur and the regional
‘Bay of Bengal Programme executad by the Food and Agri-

: cultural Organiaation of the Unitad Nations.

- To- achieve promising production of prawns through
aquaculture it is essential to make available in ‘adequate
quantities the'1nputs*auch'asjsuitable;phys;ga;_envifbnmanta
a suitable economiq eﬁvironment. an equitﬁble regulatory -
euvironment. ‘3ncentives, land, water,. capital. lahour, seed,
feed and fertiliaers. tocls and equipmﬁnts. trained‘pexsonnel
management, market and information (research, extension and
‘demonstration) at proper time. Thus thégahqice of suitable
location; type of farmiﬁg system to be taken up including the
deaign .of the farm, its type, size and. lay-out; spacies- to
be taken up. for farming avallahility of seed;. size og aeed
to be stocked; rata of stocking in the growsout ponda;»‘
avallahility of . sultable: feed in adequate-quantity and.
quality.‘water managbmant; diaeases. parasitea. predatora
and competitors affeeting the farmed prawne; physical
damages caused by storms, cyclones and heavy rain fall;.
availahility of finange to establish farms and ccrollary '
AmfRasbamiclnnons. »vailab&l&tg of traimed personnel to-
execute and manage the culture projects and. skill.ed labourers °



-

to operate the systam. and market avenue influance tie
production front.  Besides, the policies. guidelines and
:priority assigned to the sector, land and water use strate-
gles, economic atrength of the society, interest and accept-
_anca of the venture, structure of the organisation angd’ local
_'conventions also limit/promote the production. Nevertheless.
'given the proper management and a climate. hringing in the
resourees, technologies, finance and the akill available with
us, there is little doubt that this country would be one of
the major prawp_b:oduqing_nations in the world'through aguam

o _. él.lltureo

LORSTER CULTURE

Altholigh the lohsters are considered as epicurean
gourmet, concerted efforts on their culture in India were
initiated only ten years ago. Of the six species of the
shallow water spiny lobsters available in the country,
‘Panulirus homarus and P, ornatus are the species studied to
understand their breeding, larval development and grdwth in
captivity. Isolated experiments carried out prior to 1970;
on the breeding of berried P. homarus under uncontrolled
conditions and rearing of the phyllosoma larvae gave only
limited success. Later, the puerulii that migrate-into the
coastal waters were collected by special collectors and.
reared in the laboratory. The results of these experiments
showed that the lobsters of 35 mm carapace length grew to
57-58 mm carapace length in ahout 15 months and attained
marketable size in 18 months. Furthér, during this period
of growth, hoth males and females attained maturity, mated
and subsequently, the females spawned releasing the eégs.on
to théir plecpods. The eggs in the pleopods on. further
development hatched cut into free swimming larvae, “Llthiogh
Buccaessfnl breeding of ldbste:s under controlled conditions
is possible; larval rearing through different phyllosoma -



”size during 5-6 months and 400 g in btk
.Further, studiea on this aapect are in- =

constraints in davel 'ing a viable tec' “iogy'cf large-scale:
rearing of phylloacma?tarvae are the lang ‘duration of larval
Iifa. and 1nadequata knawladge on the appropriate and '
suitable food- 6n.whidh thay cquld be fed and reared. S

,_..cmm CUL'I'tmE | .'

:‘India suitable for
_ 'J":. 'f“s) anguiaelentus,
. us (PO t ) . .

_ggucéata_ S. ‘serr:
carapace, !
waters and could‘w
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 species. -Ovigerous crabs have been successfully maintained
- in the laboratory through €ha incubatien peried of eggs and

~ subsequently’ spawhed releasing ahout 2 milliion zcea larvae.

324, 2"%. salinity at 26-30°C,. ‘I‘hey were fed with b

The mother crabs were maintained in the med”umﬂhaving‘r”_

~ The 1ncubetien period of eggs was found to be varying from

8 to 13 days. The larval development peeees through five"“
. zoea stagee. eech of 3 to 4 deys duration. and one megalopa
" stage.- -The megalepa etage laete for ahout 8 to 11 days when

it moults to the young arab stage. Thus, the entire larval

and megalopa ﬁevelepment completes within: abbut 28 to 30
days. . The larvae were reared by feeding with. gglgggélg and
rotifers and the later stages with Artemia naupiii,
‘°Experimental field culture of §. serrata has been
carried out in'cages'and in earthern ponds. 1In the cage.
culture. bhasket type of cage made of split cane. box type
“made out of 8oft wood and metal framed cages were tried,

The results of the experiments show that the crabs grow at
relatively fagter rate of 11~15 mm across carapaue per
month till they reach a size of 110 mm and thereafter, the
growth rate slowe down t0. 5=6 mm across carapace per month.,
They attain a size of 145-160 mm (400—500 g) in about 9 |
- months, They are fed with txaeh fieh. erushed bdvalves and
£ish waste. It is also found thet metal framed cege is

preferred then.other types of cages used’ in the experiment.

_ xn ponda. the crebe are cultured aleng’with milkfish
and mullets.' The eeed crebs of 28 g size is £ound to. grow
to 600 g during a period of 8 to 11 menths.- -The produetien
rate is found to be 494 to 690 kg/ha. B |

o Although these preliminary inveetigations heve
inaiea;cd encouraging results, 1arge~scale culture of crabs
requires turthac parfeetion of seed production technology.
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“development of suitabtp feed and techno-economic information
“on field eulture.-;ach

csggmmcsANs AS LIVE Faqn OR&ANISMS

-

1 Among the live food,organisms used for reaping tha
- larval and poat-larval stages of finfishas and ahexlfiuhes,
| the brine shximp Artemia salina is the mat imporisnt. one.
The technology of their: culture in opt. dnar containors hava:
| been developed. The preadults and adults, cultured in ;;ﬂw“;
‘plastic pools are fed with ground nut oil cake soaked in
water. Artemia is also successfully reared in out door
tanks in open sun light by manuring the medium with pig
 manure to maintain Chlorella bloom. Besides, the methods
for decapsulation of oysts and separation of the hatched
nauplil from the hatching debris are also developed.

'curm‘fan' oa

S L

The cladocerans of the genera ggphnia.'woing'and
Alona, are also mass cultured for feeding the finfish and
shellfish larvae. Moina is reared in 2-ton capacity plastic
'lined out door pools containing tap water fertilised with -
‘ground nut oil cake, urea and superphosphate in various
proportion and inoculated with a starter eulture of Chlorella.
As the Chlorella bloom develops, Moina 1s introduced. Malti-
" plying rapidly they reach a concentration of 30}000 t -
40,000 units/lit within 7-9 days. Technologies of their
culture with direct use of fertilizers, harvesting and |
storage are also developed.

The culture of Daphnia with brewer's yeast has,ghown
that they multiply to the order of 12,650 to 15,000 units/
1it in seven day period. B
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Results of the culture experiments on the freshwater
copepods and harpacticoid copepods hawe indicated the
,feasibility of their large scale culture under contralled
cpnditions._and their utilisation for feading the fish
‘larvae, 'The technology of culture of these lower crustaceans
,  as live food has thus greatly helped in the successful

frearing of several finfish and shellfish 1arvae ahd poste
larvae in the country.



Table 1.

; _ (1985}, average production rate of prawns,. éstimated total production of..
L ' prawns ‘and lmportant specles cultured in different maritime States of Indiaa
State/ Estimated  Potential Area ' Area uti- = Average.  Estimated
Uts estuarine/ area sui- found lised at - produ- - . total pro~ _species.
brackish table for suitable present = ction: _-duction;qf. -cultured
water area* aguacult- fcr prawn for prawn_- rate prawns;_ S T
(million ha) ure (1985) culture culture . - (kg/ha/yr)  AEY
(ha) (1985)(ha) (1985)(ha) | T RS P
West Bengal  0.405 ™A . INA. - 25,000 550 578, -
. B - . ) 16311
orissa 0.299 31618 - 15,333 14450 400 : ... 580:0°" 1,2, 531
Andhra Pradesh 0.200 - 64000 17,000 560 500 - 28040 1_2_5s}9111
Tamil Nadu  0:080 56000 16,000 - .95 300 . 28.5  1,2,4,5.7
Pondicherry 0.0008 INA .. INA . 68 - 250 - 17:0 1,2 |
Kerala 0:243 122000 11,473 7400 600 4440.0 152*5&5_7’10
Karnataka 0.008 INA . INA - 4,800 300 . 1440s0  2,3,5,6.7
Mehereshtra  0.081 ™A 14,455 1,820 80 . 1456 3.5,7,
Gujar:at | 0.376 INA 1,935 160, 300 - 4&.0 " 2,3,5,8,9
--'Ibtal-.- S 1.718 - - 42,653 :..--:-_-21__.!-119.1-_‘-
INA Information notavailable _ S
1. Penaeus nmuummgg, 2. B. 1ndicus. 3. P, Egggg& is. 4. P. saggsu;gg s ;. 5. Metaggnaeus_

found suitable for prawn qulture accord;ng'to the survey so far conductsd

WIS}

Estimated estuarine/hrackish water area, extent of potential area - found -
suitable for aguaculture as

g .4antlwrﬂv B

C mnocerosg

6. “Ma dobsoni. 7-‘H. gffinis;

"-10. m::robrachium rosenbeggii, 11 M. mlcolmsonii

8. M. brevicornis: 9. M.; - gggg;
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, Aquaculture 1s gaining more and more importance as a
Tmeans to augment finfish and shellfish production in both.the
'developed and developing countries of the World, to partially
meet the growing demand for fish and shellfish protein, It '
has been. predigted by TAC (1973) that by the year. 2900
aquaculture could produce at least 50 million tone ©of animal
.protein. if . certa;n reeearch and develonment meaeures are
underteken, as against the production of 6 million tons of
- £ish and shellfish through culture in 1975 (Pillay, 1976).

In India, traditionally an extensive type of aquau
culture was practiced. by the farmers in the- etates of Kerale,_
West Bengal, Orissa and some of- the North-Eastern St&tee.
Production realised from this syetem of aquaculture ‘was
extremely low, being less than 1 ton/ha/yr. These tradi-
tional practicee being 1arge1y governed hy 1ocal conditions ’
and neede. the farmers eeldom felt the need to intensify _'”
operatione. Low-density culture with minimum inputs anﬁ 1ow
'production per unit area has often been more economical '

_ than intensive farming involving the rearing of denaf_poeu- a
lations and heavy inputs (Pillay. 1976). , a

Recent researches have anply proved that by adopting
sclentific culture proeedurea and efficient.management
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practices auhstanéaa&;;ncrease in production could be

- obtained espaoially fwom finfish and prawn culture systems.
Produotion rate as high as-10 tons/ha has been-achieved 1n 1
static earthen freshwater carp culture ponds in Iadia

_ through optimum stocking. fertilization and suppldmantaxy
feeding.

Feed 1s often considered as the major operational
input in semi-intensive and intensive f£infish and prawn
‘culture systems. Feed costs often exceed 50% of the opera=
ticnal costs in intensive culture operations« In view of
this practical feeds both supplemental and complete should
be carefully formulated, and judiciously supplied considering
the specific nutritional needs of cultivated species and the
intensity of culture Operation. In Semi-intensive systems.
the supply of aupplementary feeds can he regulated judi~
ciously keeping in view the quality and quantity of the -
natural food produced in the pond. Natural food produotion
can be increased through aystematic and judicious admini-
.stration of organic and 1norganic fertilizers. Thus in this -
system, the exogenous food aupply need to provide only
nutrients which may be deficient in the natural food. 80

that the feeds are effectively.utilized,. -

Among the three major groups of cultivable aquatic '
organisms, the bivalve molluscs are mainly cultured in open
water bodies.' Thus the prodoction of most spociea of molluscs
' mainly depend upon ‘the availability of plenty of preferred
natural food in the system. In contrast to bivalve mollusos.
finfish and cruatacaans are cultured in ponds, raceways,
cages, pens and reciroulated systams. -In these systems, in
order to achieve optimum produotion. provision of oompounded
feeda. either supplementary or completo. forms are essential
_JreQuisite. | -
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_ Basides the need for feeds for grow-out systems,
feeds are also reqﬁiréd for hatcheries and nurseries to
preduce healthy stacking material. The larvae of most of
..the finfish, eruataceans and bivalve malluacs require micro=-
: particulate diets during the early larval phase. 1In most
casea live-~-food particularly phytoplankton are belng fed.
While the bivalve mclluscs continue to have preference for
microparticulata diats, the advanced larvae of crustaceans
and the fry of finfish efficiently ingest zooplankton and
formulated feeds. In Table 1 the important basic food types
'ingasted'hy the larvae are presented. - Live~food préduction
necéésitates additional infrastructure, manpower and opera-
tional inputs, thereby the cost of production of stocking
material is greatly enhanced,

Table 1: Potential sources of diets for larvae

viable Nén=viable
a) bacteria _ a) detritus |
b} motile gametes, spores b) organic aggregates
c) yeast _ o | c) artificial formulations

- m@groparticulate_diets
- microencapsulated diets

d). phytoplankton = d) tissue suspensions
- dlatoms
- unicellular algae

e) zooplankton

Recent developmanté in feed techhology reveal :hat
microencapsulated diets can be fed to larvae in hatcheries,
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Encapsulation is a prucass by which 1iquid or particulate
materials are enclased within a specially designed artificial
membrane or wall made of natural polymers, as gelatin, guma.
waxes or the synthetic polymers of ethyl.cellulose or
polyvinyl alcohol, he type of capsule required depends on
the mode of feeding; for instance, molluscs ingests the food
whole and must be previded with a capsule whose walls are
‘atable to sea water. but readily soluble in the digestive
_tract of the animal by the action of digeative juices.5 Thus
for the larvae, development of nutritionally adequate micro=
particulate or macroencapsulated dlets with appropriate size,
texture, taste etc., 13 most 1mportant. '

_ Formulated feeds should contain adequate levels of
,nutrienta to meet the physiological needs of the organisms,

such as to supply energy, to build and maintain the cells and
tissues, and regulate body processes. According to Halver '
(1976) any balanced formula for fish diets must inc;ude an
energy source plus sufficient indispensable amino acids, '
essentlal fatty acids, specific vitamins and minerals to
sustain life and promote growth. Studies with crustaceans
show that in addition to the nutrients listed above, a dietary
| source of sterol and phospholipids. are eESential for normal

- growth and metamorphosis (Kanazawa, 1984). ALl the essential
nutrients (Table 2) should be incorporated in adequate levels .
and in optimum proportions in compounded diets., Any imbslance
of ‘these nutrients would affect the efficacy of conversion of
food by the animals. Quantitative féqui:ements of apecific
nutrients vary with species, size, physiological condition, -
temperature, stress, nutrient balance of the diet and environw
-mental factors, thus qconomicél rations must be programmed
" accordingly. '



i g e ey 1

.QS..

-

After determining the nutritional requireﬁents of the
species, it is essential to identify feed ingredients which
would provide the essential sutrients for formulating practi-
cal diets. Thus nutritional and ingredient standards are
defined. Finallf the diets are prepared as dry pellets,
moist-pellets, flakes, pastes, microparticulates, micro-
capsules etc. keeping in view the epecific preferences of
various size gfoupe and'physiologiqal stagas of the species.
Binders, antioxidants, mold inhibitors, anabolic’egents. '
colouring: and flavouring agents can be added as acddltives
depending upon specific needs.

In the process of feeding aquatlic animals, a general

understanding of the type.of digestive system found in the

animal is essential (Mac Grath, 1975). Information about the
ability of the animal to chew or break feed particles into .
smaller unlts, thus increasing the surface area of feed
particles for greater ease of ingestion and digestion, and
about type of digestive tract the animal has and its histo=
logy are required, In addition, digestion and absorption
efficiency are required. These informations would help in
evolving suitable diet forms for the species and stage
concerned, '

Based on the informations on nutritional requirements .
of the species and avallability of nutrients in various feed-
stuffs and nutritional environmental interactions diets can
bhe formulate keeping the cost of the finished product in
view, . .

For achieving maximum production the feeding etrate—
gles employed are very important. Feeding strategles are
evolved bhased on the size and physiological etages of animals,
weter quality, water temperature, feeding habits of the animal,
dietary form, behaviour of the animals etc. Thus nutrition

- and feed formulation research involves a number of stages,

which are summarized in Pig. 1.
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121.
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130.
31,
32,

~ ‘Table 2:
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|25,
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Essengial dietg;z nutrients for finfish and

" Shellfish Enerqgy nutrients: Proteins,

lipids, carbohydrates

"Non—enerqgy nutrients:

Egsentia) amino acida
Valine .

Isoleueine

Threonine

Tryptophan

Arginine

LYsing

Lqucine" _
Tyrosine
Methionine Cystine
Histidine - " '

Vitamins

Thiamine
Riboflavin

'Pyridoxing

Choline

Niacin
Pantothenic acid
Inosital

Biotin

Folie acid
Cyanocobalamin

Ascorbic acid
Vitamin A
Vitamih D
Vitamin E
Vitamin K

11,

12.
13,
14.
15.

16.

17..

33,
34,
35.

36.

37.

38,

39,
40.
41.
42.
43.

Vitamins. minerals

Esgential fatty acids

Linolenic acid (18:2wé)
Linolenic acid (18:3w3)

Eicosapentaenoic acid
(202 5w3)

‘Docosahexaenolic acid

(22:6w3)

Sterol

Cholesterol
Phospholipids
Phosphotidyl choline

Phosphotidyl ethanolamie

Minerals
Calcium
Phbsphorous
Copper
Magnesium.
zine
Cobalt
Iron
Iodine
Manganese
Selenium
Molybdequm
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Pig. 1. NUTRITIONAL RESEARCH

masic - . APPLIED
) Nutritional requirements Ingredients -
ég:ggéigi?gé, physiological, potential nutritive value
: o o composition-antinutritional
_ Digestive system and'digestion factors
| Metabolism of nutrients | bi°19'i°al value
- | Nitrogen and energy balance Digestibility of nutrients
= Excretion AR . An diets
iﬁﬁéﬁaboiic rates - . Feeding rates and_factors

1nf1uenc1ng ie

‘Nutrition and Envi;onment - Diet growth

; f;',interact1on

.Inter-relatj_onships between Diet fO-I'.'l'ﬂ
‘hutrlents . Additives: determining
' : safe levels of antloxi-
| igg;uggggogftgg;riengs on .y ‘dants, mold inhibitors,
' a - anabolic- agents; binding
' agenta ete,

" Nutritional standard
- Process
Ingredient standard standards
Least-cost formulation
Process’
Finishes feeds

Microparticulate Pellets
Microcapsules - haxd.
Flakes . - goft
Meals

Storage ~ Shell-life
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INTRODUCTION

 Malnutrition, as it adversely affects-the human
being, impairs the growth, reproduction, health and well-
being of the finfishes and shellfishes also. In the farming
of these animals in an environment unlike their notural
habhitat, feeding of the stocked population with nutritionally
halanced and quality diets iz of critical importance not only
to promote thelr optimal biological and physiological pro=-
cesses, hut also to the production. In the different agua=-
culture systems except that practised on farming the animals
feeding on the natural food avallable in the field, formuw
lated feeds are provided either as supplementary feed or as
whole feed. For the preparation of the formulated feed
having the optimum dietary nutrient levels, the esscntial
prercquisite 1s to have an understanding of the nutrient
requirements of the species selected for culture.

NUTRITION REQUIREMENTS OF FINFISH

Over the past three decades considerable progress
has been mace in the study of the dietary nutrient require-
ments of a number of fishes (Halver, 1972; Cowey and Sargent,
1972, 1979; National Research Council, 1981, i983; Millikin,
1282; Cowey and Taccn, 1983; Cho, Cowey and Watanabe, 1985).
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Although fishes exhibit certain similarities with the
terrestrial vertehrates in respect of hasic qualitative
nutrient requirements, marked difference has bheen noted
£rom them in the quantitative nutrient needs at the dietary
level, This difference is attributed to the carnivorcus/
omnivorous feeding hahit of fishes, and their prefcerence to
use protein over carhohydrates as a dietary energy source,
Further, as the fishes iive in an ecosystem which supports
them and are capahle of adjusting to the temperature of the
environment; they do not have to expend large amount of
energy to maintain the constant bhody temperature andl to
develop an elaborate skeletal system as in the casc of land=
haged animals., It is also obhserved that the fishes expend
relatively low energy for reproduction. For these reasuns,
“they are considered to he hetter feed converters than the
other vertebrate groups. Besides, the fish have the
advantage of disposing ammonia, the primary end product of
nitrogen metaholism, through permeable surface unlike the
land~based animals that require conversion of ammonia to
urea or uric acid to dispose of the toxic ammonia huilding
up in the tissues. This metaholic characteristic helps the
fish to derive relatively more energy for the cataholism of
protein than the terrestrial animals.

Fish require 40 or more essential nutrientsl among
these the most important ones relate to protein and amino
aclds, liplds, essential fatty acids, vitamins and minerals.

Protein

Over 20-species 0of fishes have so far heen studied
for the dietary protein requirements principally on the
hasis of feeding experiments on a halanced diet containing
gradual levels of quality protein and the recorded optimum
growth (welght gain) of the fish., The results of these
experiments have shown a high dietary requirement ranging
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from 35 to 55% which is equivalent to 45=70% of the gross
ené:gy'content of the diet in the form of protein, Although
such high protein requirement is expected for carnivorous
fishes, it 1s also observed in omnivorous and herhivorous
fishes. The use of different dietary protein sources, non-
- protein energy.sdbstitutes, feeding regimes, fish age and
“methods enployed for the determination of dietary energy

. content and dietary requirement are observed to result

partly in the estimation of such high protein requirement.
The dietary protein need is also found to he dependent on
the size of the fish and environmental factors such as
temperature and salinity. Small sized fishes require higher
levels of protein for growth than the larger fish. Simie=
larly, increase in dietary protein is recorded in higher
envirammental teﬁperature. Recent studies and comparisons
of results ohserved in the different feeding experiments

to determine the protein requirement have shown that (1)

a linear relationship exists hetween dietary protein
requirement (g protein/kg body wt/day) and the specific
growth rate, (2) the utilisation of dietary proteln for new
tissue growth is relatively constant within and hetween the
individual finfishes examined and (3) the dietary protein
requirements of fish when expressed relative to feed intake
(g protein/kg body weight/day) and live weight gain

(g protein/kg live weight gain) are not dissimilar from
those of terrestrial animals. It is now :ecogrised that the
general protein requirements of fish is the requirement of
esgential eamino acids together with some reguirement of nonw
specific nitrogen.

Amino acids

The fish require ten essential amino acids, namely
threonine, valine, methioninc, isoleucine, leucinc,
‘phenylalanine, lysine, histidine, arginine and tryptophan
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in the diet., Generally, quantitative aizho acid requirc-
ments are determined using dose-response curves. In recent
years, the methods hased on plasma or serum concentration
of free amino acids and carcass deposition have also heen
employed.

The studies carried cut on the amino acid reguire=
ments have shown that significant differeﬁce in requirecment
exists within and hetween individual fish specles. The
following factors are found to influence the determinaticn
of amino acid'requirements.

1. Formulation of amino acid test diets,

2. supply of protein in the form of free amino
acid and protein bound amino acids,

3. free amino acids are more rapidly assimilated
in fish than protein-bound amino acids,

4, the interaction among the essential amino acids
themselves and hetween the essential and non=-
essentlal amino acids and between amino acids
and other nutrients,

Although, the different individual essential amino
acid reguirements of several of the fishes have hoen
determined, the dietary requirement of all the ten essentlal
.amino acids are esta»lished only f£or four species of fishes,
namely, common ¢arp, Japanese eel, channel cat fish and
Chinocok Salmon {Ta»le 1).
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_Téble-l. Essential amino acid requirements {(g/kg ary
: - weight) at stated dletary protein levels of
certain Eishes

Chinook Japanese Common Channel

f - | - Salmon . - eel carp catfish -
 Aginine 24 17 16 10.3=17.0
Histidine 7 8 8 3.7
. Isoleucine 9 15 9 642
' Leucine 16 20 13_ 8.4
Lysine 20 20 22 | 15.0

Methionine + Cysine 16 - 19 12 5.6

Phenylalamine + : : :

tyrosine | 21 22 . 25 12.0

Threonine _ .9 - 15 15 5.3

Tryptophan 2 4 3 1.2

valine .- 13 15 14 7.1

Protein in diet _ 400 377 385 240,0

Lipids

: Lipids are important as an energy source in £ish diets.
5 Excess or deficiency of lipids affects the growth as. well as
. the hody composition of the fish. If the diet is deficient
. of non=protein energy (Lipids aﬁd Carbbhyd;ateS)._Protein is
| used for enerqgy requirements;lif it contains excess, appetite
- or demand is satisfied hefore a sufficient quantity of protein
is ingested to meet the demand for maximal rate of protein
~ synthesis and growth. Consequently, the experiments to
- determine the level of dietary lipids are directed to find
out the levels which could afford the maximum protein sparing
- effect and expressed as a function of cdietary protein level.
' Thus, in channel catfish, smaller fishes have shrwn “ost
‘E uraﬁthbuithﬂdiats.cmntaining 35% crude protein and 12% lipid,
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whereas larger fishes with 25% crude protein with 12% lipid.
For rainbow trout, maximum protein sparing is obtained at
15-21% lipid and 35% crude protein., It has alsc heen saown
that the protéin level could he reduced in marine fish diet,
if the energy content is maintained at a high level. Experi-
ments on the use of unsaturated and saturated fatty acids
have indicated that. the lipids in saturated form could also
be used in moderaticon without affecting the energy require=
ments of the fishes,

Esgential Fatty acids (EFA)

- The requirements of EFA of linolenic series have heen
demonstrated in a numher of fishes for achieving *cetter
growth rates and food conversion and to avold ccrtain patho-
logical conditions., However, their requirements differ from
species to species as the EFA requirement is found to he far
less for channel catfish and carp than those of rainhow trout.
Certain fishes such as turhot, red seca hream, hlack sea hream
and yellow taii are found to bHe not capahle of desaturating
and chain elongating 1l8-carhon fatty acids. TConsequently,
for these fishes, it is essential to supply highly unsaturated
fatty acids in the diet.

Carhohydrates

Although carhochydrates form the major source of
metanholizable energy in the nutrition of mammals and hirds,
it is considered to he of relatively little value in £ish
nutrition, This low efficiency of utilisation of carhohydrates
by fishes may he due to insufficient enzymatic hreak down
in the digestive tract, insufficient ahsorption and in-
efficient metaholism of monosaccharids. Even if most of the
carnivorous fishes are poorly equipped to metaholize sugars
and starches, the specific and careful halance of carbo=
hydrate sources would help to spare the protéin and furnish
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‘for proper digestion. Recent studies have shown that atleast
.in'cértain'fishes'such as trout, there is no fundamental
problem in the utilisation of carbohydrates and sucrose and
"-gelatiminaq.starch may be of practical:-value as conponents

of feeds, - o '

vitaming

Four fat—aolﬁble (vitamin A.'D3, £ and K) and eleven
. water-soluble vitamins (Thiamine, Riboflavin, pyridoxine,
'Panﬁothenic acid, Niacin. Inositol, folic acid, choline,
Biopin, By o and Ascorbic acid) are required by the fish.
They are required for the metabolism of other nutrients
into tissue components. Many of the ﬁaterrsoluble vitamins
function either directly or in a modified form as coenzyme.
However, fat~soluble vitamins do not function as coenzymes.
Specific requirements of vitamins differ from species to
species and are affected Ly the diet composition.
Minerals ‘ |
 Minerals are mainly required for the maintenance of
salt and water tissue bhalance,. metabolism of other hutrients
ard for structural functions. The minerals required by the
fish are calecium, chlorine, magnesium, phosphorous,
potasgium and sodium along with a number of trace slements
such as cobait, copper, lodine, iron, manganese, selenium,
zinc, aluminium, chromium and vanadium. Determination of
mineral requifements and trace elements in the diet is found
to be extremely difficult due to the problem of limiting
their concentfation and their waterborne charactaristics,
Between the marine and fresh water fishes, the former require
limited supply of minerals as some of the elements are .
taken from the external env;ronment.‘ For the latter grbup.

=*1;;;mﬁhhcal.aupvlement.iﬁ-thé.diet 1s found -to be essential., As
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in the case of vitamins, the specific requirements of
different minerals are found to vary from species to species.

 NUTRITION. REQUIREMENTS OF CRUSTACEANS

Protein -

~ The results of various investigations carried out on
the nutrition and nutritional requirements of crustaceans
“have been reviewed by New (1976, 1980), Castell 9572;. (1981),
Claybrook (1983) and Dall and Moriarty (1983). Dietary
protéin requirements of cultivable penaeid prawns have been
" the subject matter of several investigations. These studies
have shown that although the protein requirements for genaeid
prawns vary from 15 to BO%, generally it is found around 40%.
For Penaeus indicus, the optimum protein level is recorded

between 35 and 40%; P. mergeriensis, 34~42%; P. monodon,
34-40%; P. japonicus, 52-57%. As in the case of fishes,

" factors such as protein source used in the diet, environ=

mental factors, effect of other nutrient levels, size and
age, amino acid profile of the protein source and that of
the animal influence the spec¢ific requirement.

Amino acids

Amino acids in crustaceans occur both in free form and
bound form as in all organismgs., However, the free amino acids
in most crustaceans are found to be relatively at higher
levels than in vertebrate tissues. Prawns are found to re-
quire the same ten amino acids as fish. For several
crustaceans such as Cancer, Homarus, Palaemon, Penaeus,
Macrobrachium and Uca, these amino acids are found to be
esgential) in the diet. In certain crustaceans, the gut
symboints are known to be capable of synthesising certain
amino aclds. Among the other amino acids, proline appears
to enhance the growth.
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Lipids

, Studies on . the quantitative requirements of 11pi¢a in
the dilet of prawns have shown that lipid 1evels less than 10%
have given higher growth increment than that of the liipid
. levels at 10, 13 and_l?%. Ganerally a 1ipid level between 5
i -and 7% in diet is sﬁggested for prawns. The lipid levels
show marked difference during the muu'm'le of prawns, being
low in the post-moult and premoult stages. ‘The de novo
. synthesis of fatty acids of the 1inoleic, and linolenic serics
5 is found to be extremely 1imited or non-existent in crusta~
ceans. However, these fatty acids made available in the
dietary sources could be chain elongated and further de~
saturated. Marine crustaceans have shown to have higher
levels of linolenic series of fatty acids and higher amounts
of C 20 and C 22 polyunaaturated fatty acids than fresh water
crustaceans. that have higher levels of linolenic type fatty
acids. This indicates that EFA of linolenic series have
greater value to marine crustaceans, while the fresh water
crustaceans require more linoleic scries or a mixture of both.
A dietary requirement of 1-2% linolenic acid is indicated in
the diet for prawns. Recent studies on the phospholipids
requirement of larval P. ]agonicus have shown that phospho-
lipids containing choline or inositol and linoleic,
- linolenic, eicosa pentaenoic acid and docosa haxoenic melucules
5'promote growth and survival. '

Crustaceans also found to be incapable of synthesising
sterols. Cholesterol forms the major_sterOl in crustaceans
and it is synthesised form ergosterol, stigmasterol and
| ~sitosterol but not from non-sterol precurors as in Astacus,
i Penaeus, Portunus and Panulirus. Growth is found to be petter
. when cholesterol at 0.5% level is added as a dietary component.
~ Choleswarnl supplemented with ecdysone and cyasteronc in the
diet is founa to incisense the moulting frequency.
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. Carmohydrates

o Carbohydrates although considered not as an essential
component of the diet, penaeid prawns are found to utilise
disaccharides hetter than the monosaccharides. In penaeid
prawns including P. indicus, increased growth is recorded in
the carbohydratellevél upto 40%, where starch is used as the
nutrient source. The inclusion of carhohydrates in the diet
helps to spare more portion for growth than for energy
requirement. Cellulose used as roughage and non-nutrient
filler in the diet helps better utilisation of other nutrients.
The amino sugar glucosamine at 0.5% level in the diet is
shown to have a growth promoting effect.

Vitamins

The obhservations on the dietary requirements of various
vitamins for crustaceans by different workers are inconsistent.
Gut symboints and bacterial contamination, it is opined, may
be involved in the supply of some or all the vitamins., while
the vitamins of all prosthetic groups of cnzymes are found
to be required by Artemia, Moina is shown to require thiamine,
nicotinamide, pyridoxine. pantothenic acid, riboflavin and
folic acid. |

Ascorbic acid, inositol and cheoline are found to
enhance growth and survival in Penaeus. Crustacean appears
to be incapable of synthesising carotenes, Panulirus cygnus
fed with a low carotene diet became pallid, indicating the
requirement of vitamin A,

Minerals

Information on the mineral requirement of crustaceans
is scanty. Phosphorus, potassium and trace metals are found
t0o he reguired in the dictary composition of Pon-ous.
However, =aldium, maghesium and iron are obhserved to he not
essential in the diot., Although caleium is an obvious
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requirement for crustacean for exoskeleton bulld up and needs
to be conserved in calciumpdefidient'enpironment. utilisation
of the calcium from the gastrolithes and from eating of
excuviae help to meet thelr requirement, Further, marine
-crustaceans absorb directly calcium fron the ses water,

Since the magnesium is excreted by most crustaceans and is
availahle to them in the sea water, and since the iron is
stored in the mid gut; these minerals may not be a dictary
requirement. Copper which is required for haemocyanin
synthesis, is derived mainly from the food and the sea water,

.~ Larval nutrition

There has been considerahle progress in the studies
on larval nutrition, particularly on the penceid prawns and
ﬂgﬁrobrachium rosenbergii that are cultured in several
regions of the world. The recent progress madé in the
development of microencapsulated feed on commercial lines is
a noteworthy development in this field. The various aspects
'_of penaeid and palaemonid larval nutrition are reviewed by
Rao (1983).

Although there have been several piloneering investi-
gations on crustacean nutrition, comparison of results of
studies from different laboratories have rendered diffi-
culties in the evaluation of different diets. In order to
permit direct comparison of results among different labo-
ratories, a crab protein diet'is formilated as a stendard
reference diet. The composition of this standard reference
dlet is as follows:
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- Crah Protein Reference Diet (%)

Crab protein . es . 40
Wheat gluten : ‘e 5
Corn starch e 15
Dextrin .o 5
~ Alpha cellulose e 17.8
Mineral mix .o 4
Vitanin mix : .o 2
Dl -tX ~tocopherol S s 3
.Codliver oil se 6
.Corn oil .o 3
Choline chloride .o 1
Cholesterol .o
Total 100
=Ess
. Crude protein e 38.1% (dry wt)
Lipid ++ 10.5%
Ash .o 6.5%
Gross energy ({(cal/qg) .o 5.0

NUTRITION REQUIREMENTS OF MOLLUSCS

_ The larval molluscs as well as the majority of the
adult bivalves procure their food by filtering plankton or
suspended particles from sea water. Adult gastropods graze
on algae and detritus, while the c¢ephalopods are active
predators feeding on moving live animals such as crustaceans,
£ishes and other molluscs. In the stomach content of oysters
items such as plankton, organic waste, fungil, flagellates,
larvae of various invertebhrates, sand and nud, have hecen
found. On the basis ¢of the physiolcocgy of digestion, it is
ohserved that the animal food material in oysters contribute
only 10% or less of the total food,
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As the farmed molluscs in the grow—oﬁt system derive
their food from nature, nutritional aspects for the culture
of molluscs assumes importance principally in the rearing
of larvae and épat'under controlled conditions.

Tt is now established that a mixed diet containing
more than two types of food forms a more bhalanced diet for
shellfishes, Experiments have shown that the shellfish
larvae fed with single cell alga raised with vitamins such

as 312. thiamine and bilotin have given better growth rates.

There have been several attempts to develop arti-
ficial diets for marine bivalves. However, thesc efforts
have so far met with only a partial success, as clumping
of food particles, leaching losses and dévelopment of
‘bacterial population pose Aifficulties. Further, the food
particles must also be digestible and small (2-15}pm)- The
artificial diet prepared with microgel particles, micro-
capsules, Kaolin and trace-metal mizxture- -has given good
growth in the juveniles of Crassostrea virginica when
experimented in a heaker., ‘But the growth rate is found to
he poor when the larvae are reared in a fiow through system.
The hacterial population developing in the flow through
system appears to effect the nutrient source of the diet or’
aid in the breakdown and digestion of the food particles.
The artificial diet had protein, soluble starch, rice starch
each of 25.7% by weight, soy lecithin 14.4%, DNA and RNA,
each 2.6%, phosphorus 1.3%, carhoxymethyl cellulose 1.1%,
trace-metal mix 1.0%, Menhaden-walled vitamin capsules,

(25 capsulesépl. 0.82 mg lipid/ltr), lipid, 97.9%, vitamin
mix 1.0%, Ascorbic acid, 1.0% and phenol red 0.1%. Menhaden-
walled B, . <apsules (5 capsulesﬁpl. 0.16 mg lipid/litr. Egg

12
albumen is found to he the best source of protein.
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Proteins are macromolecules, which are biopolymers
‘made up of many monomers which are known as aminoc acids. Of
the three carbohydrate, lipid and protein, it is only
proteins which contain nitrogen. The empherical formula for
amino acid is ﬁpCHJNHz-COOH. Though about 300 or so amino
acids are known to occur in nature, only 20 of these are
present in proteins and all of them are I~¢K amino acids.
 The sequence in which these amino acids occur in a particular
-protein follows a precise order, which 1s genetically
controlled, Thus each peptide molccule ie., protein differs
from another only by the order of arrangcment ard in the

nunmbher of amino acid moclecules.,

PUNCTIONS OF PROTEINS

Proteins are vital as arc the functions they perform.
The functions they perform either as pure proteins or as
complexes with carbohydrate, lipids, and minerals are many.
Growth of the animals is nothiﬁg but addition of tissues
ie., synthesis of new protein. Thus as structural proteins
are responsibla .for the cellular architecture. The other
functions are (2) in the body fluids they transport
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substratés; (3) several of the hormones and (4) enzymes
which catalyse biochemical reactions are proteins; (5)
-proteins”form component in immunologic molecules; (6) sexve
as lubricants and protective agents {mucins, mucos); (7)
the antifreeze substances in the Antartic fishes are
glycoproteins; (8) many of the toxins and venoms of marine
organisms are protein complexes; (9) some of the amino
acids have been found to be feed attractants; (10) protein
molecules also have a high buffering capacity; (11)
glucogenic = amino acids (hydroxyproline, serine, cysteine,
threonine; glycine; tryptophan, alanine; tyrosine, phenyla=-
lanine; isoleucine, methionine, valine; histidine, proline,
glutamine, arginine, glutamate; and aspartate) on being
deaminated serve as substrates fof carhohydrate and fatty
acid synthesis (Gluconeogenesis) and (12) thus also yield
energy. ' |

CALORIE VERSUS PROTEIN AS UNIT OF MEASUREMENT IN NUTRITIONAL
BIOENERGETICS

In the study of encrgetics energy in terms as
calories or joules used to be preferred., But for aquatic
organisms partitioning hased on protein as nitrogen units
is of more suitable over energy units for the following
reasons: l. In comparison with higher animals fin - and
shell-fishes being poikilotherms use less energy to regulate
their body temperature., 2. For the locomotion and main-
tenance of position, shellfishes nced not spend much energy
being mainly bottom dwellers for much of the time, 3. The
shellfishes for the purpose of respiration like fishes need
not actively maintain ventilation of gills by ccnstant flow
of water which in turn compels active swimming, a costly
process in terms of energy. 4. In finfishes and in
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shellfishes 1t is an’ important aspect that protein serves not
only as- a hutrient. Eok growth: but. prefcrred.over carbo-
hydrates as dietary ‘energy. sourkce. {5)The. quantity asaimi-
latedrovernmaintenance-leveln;n-carbnhydxntg4and'1&Pid:is_.:
stored mostly as fat and as glycngen to. aniéSSer extent4?;‘;

while in the case of proteins goes for meat production.

Many consumers do not like fatty aquatic products. {6} The.
end product of. nitrogenous metaholism in the aquatic organi

¢ sms is mostly ammonia which by. passive diffusion can be ele-

minated into the medium (7) Thus energy nced not be spend
in converting'the toxic ammonia:into urea or uric acid,

whereby aquatic organisms gome to derive more mctabolisable
energy from-catabolism of proteins than terresirial drgani-

sms.,  To illustrate: for a megajoule of digestible energy in

rainbow trout (salmo gairdneri) 9.6 g body protein'is pro=
duced which 1s 2 to 20 times higher for poultry, pig and
cattle (Pandian and Vivekanandan, 1985). '

ESTIMATION OF PROTEIN

. Protein is usually estimated by any cne of the
following methods. (1) Determination of nitrogen by kjeldahl
method; (2) Biuret method and (3) Felin-Lowry method., Of
these the first given method is mostly used, where in all -
nitrogenous matter-hoth protencus and nonprotenous—is
converted into ammonia and calculated in terms nitrogen.
(When-protéin alone need to be determined first protein nced
to be precipitated out and precipitate is Qigested for '
kjeldahl nitrogen). In the conversion of nitrogen into

crude protein it ia assumed that all nitrogen in the bio=

‘logical material is pPresent as protein and secondly that all

crude proteins contain nitrogen 16% by weight and so the /
conversion factor used is 6.25 (100/16=6.25). This is not
always 80. Therefore check need to be made for percentage
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Soyabean meal: CP 39-41% in dry matter, crude fibre 9%,
availability of amino acids is high (CS 82-92%) except

for methionine (C3S 70%). However heat treatment used to
inhibit typsin inhibitor reduces the availability of lysine
and cystine, much in the case other amino acids too is
reduced. Raw meal causes rachitOgenic effect. Therefore
higher than normal levels of vitamin D3 need to he added.
It is also suggested to have tocopherol oxidase. Vitamin

content too get reduced with heat treatment.

- Wheat (Triticum aestivum) : CP 6-22%, average 8-14%, protein
(gluten) is of two types. (i) Prolamin (gliadin) and (ii)
Glutelin (glutenin). The second contains three times more
lysine than the first. Gluten is rich in glutamic acid

(33%) and proline (12%).

FORMULAE AND INDICES USED
The indices used in the measurement of protein
utilisation are as follows:

_ Protein consumed(g) =~
- 1. Asgimilability (digestibility) faacal protein (g)

of protein = ® 100
(or assimilation efficiency Protein consumed {(g)
of protein) A%
2. Nitrogen balance (NB) = N consumed -(N in faeces+
N excreted
through gills and
kidney)

NB is measured in terms of mg N/100g body weight/Gay.
Therefore all the 4 parameters need to be in the same
unit.

gain live weight (g}

3 Protein efficiency ratio =
(PER) protein consumed {g)
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Protein gained (g)

E'qi= 4 Protein conversion ratio = e
_ . (PCR) Protein consumed {(g)

Weight gain of TPG(g) +
weight loss of PFG (g)

5. Net protein retention (NPR) =
. Protein consumed (g)

TPG = group fed. with test protein
PFG = grouﬁ fed with protein-free diet
gain in body protein(g)

. ¢ 100
6. Productive protein value = -
_ (BBV) (%) protein consumed (g)
’ . : live weight gain (g)
7. Meat produced in assimilation= . X 100
(MPA) (%) _ protein assimilated(g)
8, Protein produced:in_ Protein gained (g)
assimilated protein (PAP) (%) = % 100
Protein assimilated(g)
A
9, Gross protein value (GPV) = — X 100
Ao
A = (weight gain of Gr. 2 = that of Gr, 1) = weight gain of
* Gr, 2
= (weight gain of Gr. 3 - that of Gr, 1) _%_weight gaé? og

Diet groups:
Group l:~ fed with basal diet
Group 2:= fed with basal diet + Cg of test protein
~ Group 3:~ fed with bhasal diet + Cg of casein
Basal diet will be having optimal crude protein

N consumed - (faecal N +
) ' : urinary N)
10. Apparent biological value = X100
(ABV) (%) N consumed = faecal N
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N consumed =~ ({faecal N-MFN)+
(urinary N-EUN)]

f'wrﬂfii.Z”BiclogicélIValue'(BV)(%) = e

N consumed - (faecal N-MFN)

~ MFN - Metabolic faecal nitrogen is that guality of nitrogen
excreted in the faeces when the animal is fed with
nitrogen free diet.

EUN = Endogenous'urinary nitrogen is that gquantity of
nitrogen excreted by mcans of gills and as urine
when the animal is starved of dietary protein.

12. Daily protein requirement = (Optimal dietary protein
(% live weight/day) requirement % X consumption
of feed % live wt peroday)
—— 10

~ Instead of 100, 1if divided by 10 will give protein
<required for kg live weight per day.

13, Protein required for weight = Optimal dietary
gain (g/kg live wt.) protein require~ X FCR x 10
ment (%) '

Where FCR {food consumption = food consumed -+ waight
rate) gained
(Ary weight basis)
14. Chemical score: The quality of protein in a protein
source is decided by the quantity of EAA present. Here
EAA content of the source is. compared with that of a
standard protein.

The usual standard used by the nutritionists in hen's egg
white., The current trend with the Japanese workers parti-
cularly\with Ogino group is to use the EAA profile of the
fish muscle as standard protein in the fish nutrition.

CS is calculated as follows.

Eg: Tryptophan in egg white - 1.7%
Tryptophan in sardine - 1.2%
1.2, .
CS & e X 100 = 70.59%

1.7
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15, EAA index : Herein the amounts of all the 10 essential

 amino acids present are taken into consideration., It
could be defined as the geometric mean of egg ratios
of these acids, '

EAAT = | ememe X X

£
o
o
o

a, b, === j. = % BEAA in the protein source

2, bé - Je’ % in the egg albumin

n = number of EAA entering into the calculation

EAAI has thé advantage of predicting the effects of supple-
mentation in combination of proteins but proteins of very
different EAA composition may come to have a similar index.

OPTIMAL DIETARY PROTEIN REQUIREMENT

Organisms need to be supplied with sufficient quantity
of'protein in their diet for their metaholic needs and
growth, Protein is a costly commodity and so it is protein
which is the single major component which decides the price
of the feed, When higher levels of protein is available in
the feed some portion of it will go waste. Thus protein
need to be at an optimal level in the feed. While conducting
experiments to arrive at the optimal dietary protein require-
ment the following points need to be carefully considered.
Foremostly the protein which needs to he evaluated
should he sufficiently able to meet the requirement for
essential aminq'acids. If one essential amino acid 1s defi-
client while all the other amino acids are available in enough
quanity, complete spectrum of protein synthesis can not be
met. Usually for the purpose purlfied proteins such as
casein, albumin or mixture of proteins are used. Casein is
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t defidient in argenine and suboptimum in sulphur bearing
1aminoacids, zein is deficient in tryptophan and lysine. 1In
"such cases these essential amino acids need to he supple=
mented. Usually for the purpose crystalline amino acids are
used. It has heen found that free crystalline amino acids
are not so well absorbed as that of bound amino acids in
fishes. Regarding other merine organisms still we do not
~know how far free amino acids are absorbhed (Jacon and

Cowey, 1985). It is also to be noted that carnivorous fishess
show low palatability of purified proteins.

Second point to bhe observed is that the level of
feeding should not be a constraint for optimal growth. Ad
libitum feeding is recommended. Another fact which need to
- be emphasised is, the feeding strategy should he convenient
to the test animal. By feeding strategy, suitability of
the feed for the animal's style of foraging, particle size
of feed, time, frequency and duration of feeding, form of
feed whether pellet, powder or paste etc., and ecophysical
conditions of like light, salinity, pH, temperature,
vibration and disturbance to the animal etc., arc meant,

wWwhen the values of indices like K,» EMP, MPA, PAP,
PER, PCR and PPV are plotted against % protein in diet at
the optimal protein level the graph will peak, wherehy indie
cating the optimal requirement. At lower levels the assimi-
lation of the feed and protein have been found to be high
while low at higher levels. Consumption of the feed has been
found to he high in low protein diet and also when the
protein is found to be low in one or more EAA, whereby the
organism attempts to gather more of the required nutrient.
In such cases protein assimilation and consumption rate have
heen found to be high; while other nutrients available at
optimum concentration in the diet are preferentially assi=-
milated less. In crustaceans it has heen ohserved that at
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3_,;higHQ(about 60%) protein level too feed consumption show a
rise; In such cases assimilation for all nutrients is low.
- Thus the animal used to take to superfluous feeding alse
known as "gluten effect®, -

Though weight gain is used hy some workers in the.
interpretation of data, gain in protein (protein retention)
or nitrogen balance is preferred. In crustaneans tho
interpretation of data pose characteristic situation because
of moulting. The animals just moulted used to be f£laby and
) high-in water content. If such animals happened to he there
. at the conclusion of the experiment indices in which live
weight is taken into calculation can he misleading.

A survey of Iiterature show that optimal dietary
protein requirement ranges between 36=50% (Table 1).
Though there are a few rare instances where in value as high
as 70% has bheen quoted. The average is around 39% for
finfishes and shellfishes. While getting high percentage it
is noteworthy to note that EAA deficient protein can clevate
dietary protein requirement. Further increase in water
temperature ahkove ambhient upto an optimal level inzreases:
dietary protein requirement, In this connection it nced to
be pointed out it is well known that increase in wozer |
temperature upto an optimum is accompanied by an increase in
feed intake coupled with higher metabolic rate and increased
growth, Whereby tr0pical organism have higher feed intake
lavel coupled with faster growth rate.

. rs

DAILY PROTEIN REQUIREMENT

Comparatively very few investigations alone have heen
‘oarried out in this direction. The available data indicate
that‘aaily protein requirsment does not fall within a narrow
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range'as do optimum protein requirement discussed ahove.
In fishes it ranges from 0.75 to 5.25 in terms of percentage
body weight per day. The interesting fact is that a linear
relationship exists between daily protein requirement and
the specific growth rate. (Jacon and Cowey, 1985), Thus
it is amply clear that optimal dietary protein requirement
and daily proteiln requirement are not related factors. The
optimum dietary protein requirement is related to
~.Qoncentration vs activity, ile., guantity required for the
optimum rate of dlgestion and agsimilation, While Jdaily
requirement is related to the inherent capacity of the
animal to grow in other words to the speed of protein
synthesis, which is dependent on metabolic activity, age,
size, temperature and hormonal control.

REQUIREMENT OF ESSENTIAL AMINO ACIDS

Essential amino acids are those amino acids which
cannot he hiovsynthesigsed by the organism sufficiently. It
is of interest to note that essehtiality for 10 amino acids
seems to be universal throughout the metazoa, though a few
variation from the general pattern is met. The essential .
‘amino acids are -~ threonine, valine, methionine (+ cystine),
isoleucine, leucine, phenylalanine (+ tyrosine), tryptophan,
lysine, histidine and arginine, Tyrosine, cystine, glycine
and serine codld not he synthesised by the organism in
sufficient level and so need to he supplied in a lesser extent
therefore known as seﬁiessential amino acids, Glutamic,
aspartic acids, alanine, proline and hydroxyproline are
non essential amino acids. Since there can be synthesised
in required level, The figure given on the inter-conversion
of the major food stuffs amply illustrate the synthetlice and
interconversion of non essential amino acids. Though cystine
from methionine and tyrosine from phenylalanine could be
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svnthesised, Jn the absence of cystine and tyrosine the

requirement for methionine and phenylalanine is increased.

The synthetic pathways of semi and non-essential
aminoacids are as follows, (Fig. I & 2).

Alanine
Aspartate

Proline

Glutamata
Arginine
Glycine

Serine

Tyrosiné

Cystine,
Cysteine &
Tauyrine

By transamination of pyruvate with glutamate.

By transamination of oxalacetate with
glutamate,

From glutamate via glutamate semialdehyde
and pyrroline carhoxylate.

By reductive amination of - Ketoglutarate

By reactions of urea synthesis

By removal of hydroxymethyl group from
serine

By transamination of hydroxypyruvéte or
phosphohychoxypyruvate with alanine.

From phenylalanise by hydroxylation

By transulfuration pathway from methionine

Thus theoretically all non=EAA except the sulphur bearing
(Cystiﬁe. Cysteine, Taurine) can be synthesised in the
organism by feeding sufficient ammonium salts together with
glucose to provide the carbon skeleton.

METHODS OF DETERMINATION

The following methods have been used to evaluate

EAA requirements.

I, Direct method: Herein as one at a time basis each

aminoacid is deleted from the amino acid test diet and a
dose=response growth curve is made., Dietary requirement is
taken at the *‘hreak - point?,
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II. Indirect methods:

2. Nitrogen balance technique: This is a modlfied
method of the first one; Herein quantitative variation in
free amino acld levels in specific tissue pouls such as,
whole blood, plasma, haemclymph or muscle is made with
reference to the deleted amino acid on enquiry.

3., Tissue culture method: 1like dictary deletion
herein specific amino acid free media are used.

4. In alternatively starved and fed animals
fluctuations in of free amino acids levels are made in
tissue pools; wherein EAA fluctuate drastically hetween
feeding and starvation while the levels of non-essential
amino acids remain steady.

5. Radiolsotopic assay: Animal is fed or injected
with one of the radicactivity labelled readily metabolisable
14C02, (140) acetate,

C) sugecinate or (14C) pyruvate. oOrganism (if small) or

metabolite such as (140) glucose;
(14
a part of the tissue is latter assayed after a period of
incubation. The non-essential amince acids bheing ahle to be
synthesised from the precursors take up labelling while EAA
remain unlabelled. Since many of the microhes have the
capacity to synthesis EAA, in this method microbiological
contamination is the chief source of error. It has been
found out that mollusecs in gencral have a strong capacity
for a rapid hicsynthesis of glutamate, alanine, and
aspartate and weaker or non=existing capacity for asperagine,
glutamine, serine, glycine and proline from glucose moity.
Aspartate is most strongly labelled with succinate and CO2
precursors; while alanine with glucose and pyruvate, Among
aspartate, alanine and glutamate, glutamate is generally
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'q,moséfweéﬁiyilabelled. ‘These indicate a considerable

| Fcébécitfsfér'coé;fixétion into dicarboxylic acids of TCA
.cycle and a tendency for many of the molluscs to accumulate
alanine.under *anagrobic conditions (Bishop et al., 1983).

6. Ogino's carcass deposition method (Ogino, 1980a&b) ¢
This 1s the only method devised to determinc gquantitative
requirement for EAMA specifically for fishes. Ogino
ohserved similarity in percentage composition existing

*f_ hetween dictary EAA requircements of fishes and EAA profile.

of fish muscle. Since the crustalline amino acids have
been found not so ideal as sources for EAA he preferred
lipid free fish meal or lipid free fish muscle as dietary
protein source ie., standard essential amino acid reference
dietary protein. His procedure is to estimate daily |
nitrogen/protein retention rate, percentage feeding rate
for 100 g body weight, percentage digestibility for protein
and for eadh amino acid for the test animal. From these
parameters he calculated optimum level for each amino acid
required to. be present in the dietary protein source and
optimum dietary requirement per day for each amino acid.
Select list of EAA requirement to some of the cultivable |
animals is given in the Table 2.

Ccomments 3

The EAA study carried out in Mytilus californianus
(Harrison, 1980) show that apart from known ten EAA, proline
is also essential. In eel cystine is superior to methionine,
while in other animals it is other way. In eel cystine at
the rate of 0.05% and methionine at 1.6% in the diect failed
to premate growth while at 1.0% and 0.9% levels respectively
resulted in enhanced growth. ‘

Many lower marine organisms, especially marine molluscs
have ability to absorb all protein amino acids including
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taurine from the medium, Only marine molluscs require

" taurine a non EAA, while freshwater and terrestrial molluscs
do not, The uptake of glycine, threonine and glutamin was
very fast f£rom the medium while arginine was taken up
“31¢wiy._ The studies show that gllls are the main organ of
absorbance. The interesting finding is that there are
specific transportation site for each group of amino acids,
viz., acidic, basic, neutral and imino amino acids. Even
dipeptides have heen found to he ahsorbed. Transportation
of alanine, glycin and cycloleucine has been found to he
'éither sodium ion and/or energy dependent (Bishop et al.,
1983).

In rainbow trout tryptophan deficiency has heen

. known to induce loss of appetite, transient scoliosis and
deposition of calecium in bony plates around notochord and
kidney. The fish also hecomes hyperemic (Cowey and Sargent,
1979).
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. Table=1., Optimum dietary protein requirement
( from various authors}
- Organism _ Source Protein %
Penaeus setiferus fish meal 28=32
- P. japonicus shrimp meal 40
. casein 54
" squid meal &0
" : casein & egg albumin 52-57
P. monodon casein & £ish meal 46
P. indicus | prawn meal 42.8
" casein, arginine & 39.0
' cystine
P. mergulensis Mytilus edulis meal 3442
Cyprinus carpio casein 31-38
Ictalurus punctatus whole egg protein 32=36
Anguila japonica casein, arginine & 44.5
o cystine
Ctenopharyngoden idella casein 50
Fugu rubhripes casein 40-50
Epinephelus salmoides Tuna muscle meal 40
Chanos chanos - casein 55
Chrysophrys major casein 40
Tilapia aurea (£ry) casein & egg albumin 56
" (adult) " 34
T. mosambica white fish meal 40
T. zellii casecin 35
Microplerus doloemieri casein & f£ish
protein conc. 45
M. saimoides " 40
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- . Table=2. Requirement for essential amino acids in Alet
o as percentage of protein and ag percentage
. in diet ) - from various sources

¥ ) L) Ll
Anguilla, Cyprinus , Ictalurus , Chinovk Genera-
japonica , carpio ,pynctatus: salmon lised

Arginine . 4,5 (1.7), 4.2 (1.6) 4.3 (1.03), 6.0 {2.4), 4.5
Histidine =~ 2.1 (0.8) 2.1 (0.8) 1.5 (0.37) 1.8 (0.7) 1.7
‘Isoleucine 4.0 (1.5), 2.3 (0.9), 2.6 (0.62), 2.2 (0.9), 2.6
Leucine 5.3 (2.0) 3.4 (1.3) 3.5 (0,84) 3.9 (1.6) 4.0
"Me“-hic“(‘;-’;’e 5.0 (1.9) 3.1 (1.2) 2.3 (0.56) 4.0 (1.6} 1.6(n)
._ S ' A (») ' 2.5(a)
: v v ' v3,1(8)
Phenylalanine 5.8 (2.2), 6.5 (2.5) 5.0 (1.20), 5.1 (2.1} 5.6(c)
- (c) |. ' ' v
Threonine 4.0 (1.5) 3.9 (1.5) 2.0 (0.53) 2.2 (0,9} 3.1
Tryptophan 1.1 (0.4), 0.8 (0.3), 0.5 (0.12), 0.5 (0.2), 0.6
Valine 4.0 (1.5) 3.6 (1.4) 3.0 (0.71) 3.2 (1.3) 3.2
Lysine 5.3 (2.0} 5.7 (2.2) 5.0 (1.50) 5.0 (2.0) 5.4
protein in ] ] [ | ]
alct % 37,7 ' 38,5 ' 24,0 '  40.0 ' 39
. . 3 I )
a = In the ahsence of cystine
h -~ In the presence of cystine
¢ = In the absence of tyrosine
d « In the presence of tyrosine
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'jSources of - - = Blocd ~Utilisation

Amino acids  Amino
acids
: Absorptionr_ Synthesis of Structural tissue
fgggt _ bhody proteins proteins
. ahﬁéplasma proteins
' : FREE Enzyme proteins
Breakdown of . AMINO " Hormone proteins
tissue e OIS '
' BLOGD/ @ssential non- Creatine, Purines,
_ HAEMOLYMPH Porphyrins
non-EAAs & (Tissue nitrogenous Coenzymes, %&:anine.
semi-EAAs pools) I_compounds Glutathione, Amino
. _ sugars, complex
Energy production lipids
Déamination
Ammdaia S, Urca (excreted)
+
Keto acids ==—————- < Acetyl CoA
oxidation
Through TCA
cycle

Figure 3. Diagram showing free amino acid pool as
related to the metabolism of proteins.,
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" INTRODUCTION
Bt f

Lipids. the ﬁater insoluble biomolécules were

. considered as mere sources. of energy for animals, until Burr

and Burr (1930) for the first time demonstrated the need for
a essential fatty acid in the diets of rates. Researches
carried out during the past three decades revealed the
significance of 1ipida in the nutrition of fish and shellfish
as important sources of energy (8 to 9 Kcal/g ME) and. fatty
acids essential for normal growth and survival of both fin-
fish and shellfish, Besides these functionsg, they do have
important dietary roles as carriers of gertain non-fat
nutrients, notably the fatesoluble Vitamins A, D and K. The
unsaturated fatty acids’ play an important role in the trans-
portation of other lipids.

Recent studies. indicate that sterols and phospholipids
are essential dietary nutrients for crustaceans. Phosphoe
lipids and sterol esters, play a vital role in the structure
of biomembranes at both the cellular and sub-cellular levels.
Liplds are also impgrtant in the flavour and texéural TO-

: perties of.thé feed consumed by'finfish_and'crustaceans.
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Lipids are involved in many other aspecta of mﬂtabolism; for
example many of the hormones are steroids. Besides, the
. *1cng~chain'polyuﬁsaturated fatty acids (PUFA) are precursors
. for prostaglandins in fish and crustaceans. Tanaka and

3r_fstfickland (1965) have shown that the Na® Kt ~ activated AT

- Pase require a phospholipid for its normal function; either
' phosphatidylserine or phosphatidylglycerol are effective in
© activating this enzyme (Kimelberg and Papahadjopolus, 1972).
- Further the work of Nicol gt al. (1975) showed the possible
_role of PUFA of the w3 series in brain and nerve activity,

' In the case of crustaceans Lester et al. (1975) have shown

yb? in vitro experiments that N~ (N~dodecanoyl sarcosyl
taurine (DST), the crustacean emulsifier require cis-docec -
5 enodc acid as a constituent, |

' ENERGY VALUE OF DIETARY LIPIDS

Dietary lipids serve as sources of metabolic energy.
In most ingredients they are 85-90% digestible by £ish,
'f-Experimenta with cultured fish have shown that the optimal
- .1lipid intake is essentially similar to that for wild fish
(Cowey and Sargent, 1979). Lee and Putnam (1973) raised
rainbow trout at 12°C on diets containing up to 24% dry
welght as herring oil, with excellent feed and energy conver-
sions as well as growth rates. Adron gt al. (1976) fed diets
containing up to 9% lipid and found that the weight gain and
protein utilization of the fish to increase up to the maximum
level of lipid used. Channel catfish have been successfully
grown on diets containing 10-12% lipid (Stickney and Andrews,
1972) . Increasing the energy level of the diet using lipid
at constant protein always resulted in improved protein uti-
'1ization. According to Cowey and Sargent (1979) lipids not
less than 10% and not more than approximately 20% can be
added to fish diets with excellent results, However, recent
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. etudies conducted at CMFRI, Cochin indicates that the fry
and fingerlings of mullets, Liza macrol pis and Liza parsia,
as- well as the milk fish, Chanos chanos require relatively

 low lipid levels in the diet for maximum growth. Lipid

- ~levels above 6% in these species did not signiflcantly
enhance growth or improve the food conversion ratio. 1In all
the species 1lipid levels above 9% in the dlet resulted in
growth retardation. The differences observed can be mainly
~ be attributed to the feeding habits of the fish species.

The main protein sparing effect of dietary 1ipide is
to replace protein which could otherwise have been cataboli- =
_zed and used both for energy and to synthesize lipid. The
spering.of.dietery protein by lipids has been ‘extensively
investigated in various species of fieh (Lee and Putnam,
1973; Bromely, 1980). Takeuchi et al. {1978) have reported
an optimum ratio of protein to lipid in diets of rainbow
trout as 35%:15-20%. The protein concentration'cen be
decreased by approximately 15% in rainbow trout diets if
high quality lipdids, capable of satisfying the EFA require-
ments of the fish, are added at the level of aﬁproximately
18%. Takeda gt al. (1975) have reported that the protein
level of yellow tall diets can be reduced from 70 %o 55%
without retardation of growth, if the caloric content was
maintained at a high level with pollock liver oil (Takeda
et al., 1975). On the other hang, omnivorous f£ish such as
-~ the carp can utilize effectively_both_earbohydrate_and ;1pids
as dietary energy sources, aAddition of lipid at levels of
5~15% to diets resulted'in'no improvement in growth, feed.
conversion, or the value of NPU, when the dietary protein
‘level remained around 32% (Takeuchi et al., 1979a). Protein
to energy ratio requirements of channel catfish fingerlings
as a function of protein deposition were found to ba 88 mg
protein/kcal, between dietary energy concentrations of 275
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to 341 kcal/100g (Garling and Wilson, 1976). Striped bass
fingerlings reared at 20.5°C and fed 37, 47 or 57% protein
with 7, 12 or 17% lipid in a 3 X 3 factorial design showed
maximal protein sparing action of lipid for arowth when fed
12% lipid combined with 47% dietary protein or 17% lipid
combined with 57% protein (Millikin, 1982). .

As far as crustaceans are concerned the guantitative
dietary lipid requirements have been worked odt for very few
species, However, several workers used lipids derived from
pPlant producté. animal products and their mixtures, according
to the availability in local areas. While reviewing the
nutritional requirements, Forster (1976) reported that
penaeid prawns do not require high levels of dietary lipids
and suggested that optimum level may fall between 5 and 10%
in the various species, Kanazawa et al. (1970) reported
better growth of P: japonicus when fed a purified diet with
8% Soybean oil as the lipid source. In P. merguiensis better
growth‘ﬁés observed with 7% codliver oil (Aquacop, 1978).
Studies on P. indicus showed that larvae and post-larvae
require almost 10% lipid, whereas advanced postlarvae and
juveniles require about 10-12% lipid for promoting maximum
growth,'food and protein conversion, and protein rctention
(Chandge, MS). Studies with P. indicus (Chandge, MS) and
Macrobrachium rogenbergii (Clifford and Brick, 1978) have
shown that protein utilization is improved by sufficient
amount of fat and carbohydrate.

ESSENTIAL FATTY ACIDS

Fatty acids oceur in very large amounts as building
block components of saponifiable lipids and only traces occux
in free form in cells and tissues. About 100 differcnt kinds
of fatty acilds have been isolated from lipids of various
animals and plants. All possess a long hydrocarbon chain

~
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and a terminad cdrboxyl geoup. YThe Batiectharhos chalin may b
saturated without any double bond a¥ in polmtblc aeld or it
. may have one double hontt a8 in obelc #CI% theq it is called
 as monounsaturated or mygimoic fatty acdd. W e or
more double bands are presént iw thg geieeiat m:tn, it
is known as polyunsaturated fatty achd TRORA)
linoleic (18:2 w6) and limelemic acid {133y, ometimes
ussaturated hydrocarbon ciein may hove 3 or more carbon
atoms then ft. is called as highly Oomsatuysted eatty acie
: (HUFA) such as eicosspentaencic {30:wi} sad docosshexaencic
_acid (22:6w3). Unsaturated €akny acids we lower melting
points than saturated fatty aQidy of tha seme chain., So
they are sbundant in marine antmals and plants (Sargent,
1976} . Certain Patty acids have spacific matritional
importance which are not biosynthesized de novo are called
as "Essential Fatty Acias” ( EFA). These fatty acids have to
"be included in the diets for normal survival, growth, ,
" maintenance and proper functioning of physiological proceaaee
(Alfin-Slater and Aftargood, 1968). :

In Doth fresh water and marive £isgh the w3 acids
predominate although substantial spauonts of wh aclds are also
present. In marine fish, however, the level of wé PUFA are
sign.ificantly low, so that the ratio w3i/wé is substantially
higher in marine fish than in freshwater fish (Ackman, 1967).
- Most of the marine penaeid prawns also have high contents of
w3 HUFA.

Mead and Kayama (1867) reviewed i fatay aold meta~
bolism in fish. Fish are able to am de novo from
acetate, the om-ohdn mumm fatyy ociis, ss shown in
Fig. Radiq sracer studies Xwe slemm $has Sish can convert
16:0 t5 the w? menoene oy 520 o ‘tha w® ppnoene. The wS,

- Wil and wl3 monoenes are propusced based sreghe identification
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: _ In coho salmon {Oncorhynchus kisutch) the optimum
' level of dietary w3 fatty acids ranged from 1% to 2.5%, and
dietary wé fatty acids higher than 1% dopressed the growth
_ of the same salmonid. Chum salmon (oncorhynchus keta)showed
- best weight gain and feed efficiency when offered a diet
- with 3% methyl laurate plus simultaneous supplements of 1%
18:2w6 and 1% 18:3w3 (Takeuchi et al., 1979).

Studics with carp (Cxprinucharpio)_hgve shown that

. it requires 18:2w6 and 18:3w3 with best weight gain and feed

conversion in £ish receiving a diet with both 1% 18:2w6 and

ﬁ? 1% 18:3w3 (Watanabe gt al., 1975b; Takeuchi and Watanabea

19773).

The eel Anguilla jagénica has also a requiremént for
both 18:2w6 and 18:3w3. Arai et al. (1971) found that a
_mixture of corn oil and codlliver oil in the ratio 211
containing both 18:2w6 and 18:3w3 was the most favourable
for growth of eéls, ‘Subsequentdy, Takeuchi et al. (1980)
 found that the eel required 18:2w6 and 18:3w3 in the same
-~ proportion as the carp, but at a level of 0.5% of each.

. Takeuchi et al. (1979c and 1980b) investigated the
need for EFA of chum salmon (Oncorhynchus keta) held in both
freshwater and seawater and found that the requirement of
- chum salmon for EFA did not change according te their living
environment. The best weight gain and feed efficiency were
obtalned in fish receiving the diet supplemented with both
1% 18:2w6 and 1% 18:3w3. .

Kanazawa et al. (1980) examined the EFA requiremont

- of Tilapia zilli, a horbivorous £ish, which is able to live
in both freshwater and seawater. In this species, the growth
promoting effects of 18:2wé and 20:4wé were found to be
superior to those of 18:3w3 and 20:5w3 indicating that this

L
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fish requires wé fatty acids rather than w3 fatty acids.
The dietary requirement was 1% of either 18:2wé or 20:4wé.

Significant variations exists among various fish
'species'in their ability to elongate and desaturate dietary
18 carbon fatty acids to 20 or 22 carbon fatty acids,
Several marine species appear to have lower enzymatic
elongationédesaturation capabilities-than freshwater fishes.
Yamada gt al. (1980) examined the possibility of bio~
conversion of 18:3w3 into higher fatty acids by administering
18:3w3 (1-140) to individuals of red sea-bream, black sea-
bream (Mxlio macrocephalus) opaleye ~ (Girella nigricang),
striped mullet (Mugil cephalus) and rainbow trout, and found
that only rainbow trout exhibited appreciable radicactivity
in 22:6w3 of hody 1ipids; Therefore, i1t was concluded that
marine specles have limited ability to elongate and de-
saturate 18:3w3, resulting in dietary essentiality of
eicosapentaenolc (20:5w3) or docosahexaenolc fatty acids
(22:6w3). Kanazawa gt al. (1979) showed that injections of
1-14C) 18:3w3 into rainbow trout resulted in biconversion to
20:5w3 and 22:6w3, demonstrating the non~essentiality of
20:5w3 and 22:5w3; whereas very lcw'percént bio=-conversion of
18:3w3 to 20:5w3 and 22:6w3 occurred in marine fish such as
globefish (Fugu rubripes), Japanese egel, red sea bream,
rockfish (Sechasticus marmoralis) and ayu {(Plecoglossus
altivelis.

Cowey et al. (1976) concluded that turbot (Scophthalmus
' maximus)lack the necessary microsomal desaturates to
effectively convert 18:1w9, 18:2w6 or 18:3w3 into polyunsatu-
rated fatty acids for deposition in neutral fats or phospho-
lipids bhased upon growth and body composition. Yone and

Fujii (1975) demonstrated that 18:3w3 is not of much importe
ance per se for the marine fish such as red sea bream, black
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sea bream, opal eye and yellow tail (Seriola guincueradiata).
stickney and Andrews (1971) found that 18:2wé has a
repressive effect in the catfish, Ictalurus punctalis but
inclusion of menhaden oil containing 20:5w3 and 22:6w3 had

. no detrimental effects,

_Eseehtial fatty acids for crustaceans:

'Crusteeean 1ipids have hoth saturated and unsatu=-
rated fatty acids, particularly greater percentage of w3
'HUFA such as 20:5w3 and 22:6w3 (Gopakumar and Nair, 1975;
Guary et al., 1976). Although essential fatty acids
content of crustaceans is high, they are unable to synthee
size these fatty acids from other saturated fatty acids
(Kanaeawa. 1985) . Nutritional studies have demonstrated
that crustaceans require esgential. £atty acids in thelr .
diets for normal survival and growth (Kanazawa et al.; 1979).
Kanazawa and Coworkers through radio active tracer: experi—
ments reported the absence of de. novo 5ynthesis of |
1ineleic (18:2wé), linolenic acid (18:3w3), eicoeapentaenic
acid (20:5w3) and decosahexaencic acid (22:6w3) from ace-
tate or palmitic acid7ie'the'prawnss P. japonicus,

P. monodon ard P, merquiensis (Kanazaws et al., 1979).
Similarly, . zandee (1967) reported the inability of the. cray
fish, Astacus astacus and the lobster, Homarus gammarus to
synthesize PUFA., Recent studies have further shown that
18:;2w6 and 18:3w3 are poorly converted into HUFA of the same
series (Kanazawa gt al., 1979). . Bottino et al. (1980)
reported that P. setiferus, P. aztecus and P. dugrarum were
unable to bioeyntheeize C20 and C22 PUFA £rom Cls fatty
acid precursors in adequate levels. ' o

Studies conducted at the Central Marine. Fieheries
Research Inetitute also clearly indicated the inability of
Penaecus indicus larvae, post-larvae and Juvenilee to synthe-




LAE J 10 LB

size 1B:2wé or 18:3w3, However, slow rate of conversion of
18:2w6 and 18:3w3 to higher fatty acids was observed.
similarly Colvin (1976) suggested limited capacity for
bioconversion of EFA to longer chain PUFA in P. indicus
juVeniles. In Penagus, indicus inclusion of 1% linolelc as
well as 1% linolenic acids in the diets resulted in growth
improvement over that of the diets deficient in these fatty
acids. While more than 1% of these fatty acids had no
beneficial effect, fatty acids levels above 3% were detri-
~ mental ‘to prawns, Besides, linocleic acid is found to be

. inferior to that of linolenic acid in efficacy. Among diets
tested with various types of lipids. the lipids containing
a mixture of 18:2w6, 18:3w3, 20:5w3 and 22:6w3 along
provided the best welght gain and food conversion in

P. indicus, clearly 1ndibating the essentiality of a hlend
 of unsaturated fatty acids of the w3 and wé series for
proper survival growth, FCR, PER and retention of protein
and'lipids.. Exclusion of polyunsaturated fatty acids from
the diets of P. indicus juveniles severecly affected the
utilization of 1ngested food and protein, and protein
depositionﬂin the body. Besides, diets containing linoleic
and linolenic acids alone were poorly accepted by P. indicus.
~ larvae and these diects when fed to larvae induced complete
mortality. In P. japenicus also similar results have been
reported by Kanazawa gt al. (1985). In both the above
species, it is well proved that lipids containing 20:5w3 and
22:6w3 fatty acids are essential for the normal growth and
metamorphosls of larvae. '

Hill and Holman (1980) suggested that in chronic mal-
nutrition in which protein intake is usually low, the protein -
deflciency may increase the EFA requirement and precipitate
marginal EFA deficiency. On the other hand Steffens and
Albrecht (1973) found that some fatty acids when added to the

food accelerated the growth and at the same time reduced the
- protein amount required for production of unit weight.
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ESSENTIAL FATTY ACID REQUIREMENTS OF

TABLE @
FINFISH AND CRUSTACEANS
Species Suggested EFA Reference

requirement

—----ﬁﬂ----ﬂ--'--_------.-ﬂ---ﬂ----

jCh.tnook salmon
‘Raianw trout

' Rainbow trout
.. Rainbow trout

- Channel catfish
- (Ictalurus
- punctatus)

- Common carp
(Cyprinus carpio)

- Chum salmon
(Oncorhynchus keta)

Eel (Anguilla
japonica

Tilapia 2illi

1812w and 18:3w3

18:3w3= 1% in the
diet '

18:3w3~= 0.8 to 1.6%

18:3w3 = 1% at a
1lipid level of 4%

-and 2% at a lipia

level of 14%

NC. EFA requirement
demonstrated. High
levels of 18:2wé or
18:3w3 (10%
safflower oll or

. linseed oil respe-

ctively) reduced

growth

Mixture of 1%
18:2w6 and 1%
18:3w3 superior to
either fatty acid
fed separately.
PUFA 20:5w3 and
22:6w3 more effli-
clent than 18:2w6
and 18:3w3

18:2w6-and i8=3w3
at 1% each in the
diet

Mixture of 0.5%
18:2w6 plus 0.5%
18:3w3 or 0.5%
20:5w3 and
22:6w3 PUFA

1% of 18:2w6 or
20:4w6; both
superior to
18:3w3

Nicolaides and
woodall (1962)

Castell et al.(1972)

- Watanabe et al.(1974)

Takeuchi and
Watanabe (1977b)

Stickney and :
~Andrews (1971,72)

Takeuchi and
wWatanabe (1977)

Takeuchi et al.
(1980}

Kanazawa et al.
(1980)
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Species Suggested EFA Reference
requirement

--ﬁ__—-_-'"-“-----—-ﬂ--~------~“--

Marine Fish

Yellow tail -~ Fish oils sqperior to Tsukaharagg%)g&.
. (seriola o corn oil 1
- guingueradiata) '
Ayu (Plecoglossus PUFA - 20:5w3 and Oka et al. (1980)
altivelis 22:6w3 superilor to
' 18:3w3 superlor to
, 18:2w6
- Turbot B 0.6% w3 HUFA slightly Leger et al.(1979)
(Scophthalmus superior to 3.7%
maximus L.) 18:3w3. Both superior
to 18:2w6
_ 1% w3 HUFA required Cowey et al.(1976)
Red sea bream 2% w3 HUFA required Fujii and Yone
(Chrysophrys {1976)
ma jor :
Milkfish fry Requiré a mixture of CMFRI (unpubli~-
Chanos c¢hanos marine f£ish oil and shed data)

vegetable cil conta-
ining 18:2wé6, 18:3w3,
20:5w3 and 22:6w3

Srustaceans Adults - f£ish oil high Castell and
Lobster (Homarus in w3 PUFA superior to Covey (1976)
americanus) corn oil high in
18:2wé
Juvenile lobsters have D'Abramo et al.
similar requirements (1980
Shrimp
Penaecus japonicus 1% w3 PUFA, 20:5w3 or Kanazawa et al.
22:6w3 superior to {(1979a, b)
18:3w3
Addition of 18:3w3 or
18:2w6 to fish oil high (ogoaay. o= 2
in w3 PUFA resulted in
growth enhancement
Penaeus irdicus Fish oll w3 PUFA Read (1981)
juveniles superior to 18:2wé6 or

20:4w6 supplemented
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.,  Species

Suggested EFA

requirement Reference

’ .-ﬂ--'ﬂ---“---““---------ﬂ_-“ﬂ---“-

Penaeus égdicgg
lausvae

.Post=larvae and:
juveniles

. Penaeus azlicus

Palaemon“aerratus

Macrobrachium
rosenbergil

alone. Fish oil plus
both 18:3w3 and
18:2w6 superior to
£ish oil alcne

Incorporation of

18:2w6 or 18:3w3 or

their mixture resulted

in complete mortality Chandge (MS)
of larvae., Diets

containing a mixture

of lipids of marine

and plant oils conta~
ining 18:2w6, 18:3w3,
20:5w3, 22:6w3

essential for survival,
growth and metamorphosis

18:3w3 better than

18:2w6. A mixture of

both the fatty acids are

better than individual

fatty acids. Best =0 0=

~growth feed efficiency

obtained only in diets
with a mixture of plant
and marine animal lipids

Supplementing commercial Sheedbart and
marine diet with 1% Mies (1973),
18:3w3 improved growth : :

Requirement for both

w6 and w3 fatty acids.

18:2w6/18:3w3 in the '
ratio 2.2 optimal Martin (1980)
20:5w3 plus 22:6w3

superior to 18 carbon

PUFA

Diet containing 3%

shrimp head cil _
produced larger ' sandifer* and
shrimp and after 12 Joscph (1976)
weeks the total bio= '
mass produced was

twice as high as the

control, High w3:wé

diets are bheneficial

to carideans

+
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Suggested EFA

Species requirement Reference

crab

Carcinus maenas Fish oil superior to Ponat and
vegetable oil high Adelung (1980)
in 18:2wé :

Oyster

Crassostrea Codliver oil with Trides and
w3 highly unsaturated Castell (1979)

EéEgiEEEQ - fatty acids promoted

maximum growth
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EFA_DEFICIENCY SYMPTOMS RECORDED
IN FINFISH AND CRUSTACEANS

| Species EFA Deficiency Symptoms References

Finfish

Chinook Salmon  Impaired pigmentation Nicolaides and
o C : Woodall (1962)

- Rainbow trout Poor growth and feed
conversion; shock
syndrome; erosion of
caudal fin; heart
myopathy, swollen livers;
altered. permeability of
biomembranes as exhibited Castell et al.
by increased rate of (1972 a,b,c)
swelling of isolated liver
mitochondria; fatty dege=-
neration of livers;
decreased haemoglobin
levels and decreased red
blocod cell volume;
increase in de novo
synthesis of 20:3w9
by rainbow trout

Yellow tail Growth, red blood cell
counts, hematocrit and
haemoglobin levels were
affected by EFA defici-
ency

Common carp Reduced growth and feed
efficiency; increased
production and incorpo=
ration of 20:3w9 into
polar lipids

Takeuchi and
Watanabe (1977)

Japanese eel Same as in common carp Takeuchi et al.
(1580)

Crustaceans:

Penaeus japonicus Poor growth rate, feed Kanazawa gt al.

efficiency and survival (1979¢)
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- Species EFA Deficiency Symptoms References
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Penaecus indicus
-larvae

Delayed larval metamorpho- i
sis and mortality - Chandge (MS)
Post=larvae Reduced growth; poor
and juveniles survival; poor food and
' protein conversion;
poor protein retention

Chandge (Ms)

American Reduced growth rate and

lobster feed efficiency; reduced
blood cell numbers; Castell and
serum proteln levels, Covey (1976)
and percent edible meat;
increased intermolt
period; and reduced
weight gain per moult
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Ef f_gt of EFA Deficiency on’ spawning

._The recent studiee by Watanabe et ‘al. (1978, 1979)
have demonstrated that EFA deficiency greatly affected the
- spawning of rainbow trout and red sea bream and that EFA

- play as important’'a role in reproductive physiology as

focopherols (Watenabe et al.. 19?7) in £ish as in higher
_animals.

i The adult rainbow trout fed on the EFA.deficlent
casein diet containing methyl laurate as the sole dietary

A lipid for 3 months before spawning matured, but the eggs .f

“f: produced had a 1ow hatching rates But addition of 1% ethyi

'_f:5flineleate in place of linolenate in the diet improved the
; ”fogg ‘condition (Yu et al., 1979). The results obtained in

red sea bream fed the EFA deficient purified diet for 6

- montha before spawning indiCated that the total egg produ-
- ¢ction, proportion of eyed eggs and - hatchability were signi-
“ficantly -influenced by the EFA status in the diet and were

quite low in the group given the EFA deficient diet. These

" low quality éggs showed abnormality in the number of oil

‘globules; the average being seven whereas in normal eggs it
is uSually&one. Almost all the figh larvae obtained from the
- group also showed ‘various kinds of deformations in the body.
Supplementation of cuttlefish liver oil} high in w3 HU“A
f_effectively prevented these pathologies. '

PHOSPHOLIP IDS

Phoepholipide have a transport and etructural function
in cruetaceane (O'Connor and Gilbert, 1968). Phoepholipids
tend to be more unsaturated than neutral 1ipide due to their
high content of polyunsaturated fatty acids. In view of

their importance in the transport of lipids and as stru-
ctural component of biomembranes, many studies have been
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carried out in the phospholipid content and its composition
in crustaceans. Gopakumar and Nair'(1975) reported that
phospholipid constitutes 62% of the total lipids in Penaeus
indicus. Several other reports have also shown that’

~ phospholipids are the major lipids of crustaceans, such as
the lobster Homarus americanus (Bligh and Scott, 1966), the

crab Carcinus maenas and the prawn P. japonicus (Teshima and
Kanazawa, 1978). In common with other life forms the major
phospholipids in crustaceans are phosphatidylcholine and
phosphatidylethanolamine which are important_from nutritional
point of view (Sargent, 1976). | |

 Van Den oOord et al. (1964) and Testima and Kanazawa
(1978a and b) suggested that crustacean phospholipids
probably play important role in emulsification, absorption
and interorgan tranéport of lipids. Lester et al. (1975)
ohserved that lecithin enhanced cholesbérol solubilization
when associated with N-(N-dodecanosarcosyl) taurine (DST)
a model of the type of detergents synthesized by crustaceans.

Kanazawa et al. (1979) found that inclusion of
lecithin from the short-necked clam at 1% level in the
purified diet of Penaecus japonicus had a growth promoting
effect. Conklin et al. (1980) found that the inclusion of
soy lecithin into purified diets fed to - juvenile lobsters
eliminated mortality associated with a ’‘moult~-death
syndromé'. Tridel and Castell (1980) found that survival of
juvenile lobsters increased with increasing lcecithin level
in a casein based diet upto 4-6%.

 Studies conducted in Penacus indicus larvae, poste
larvae and juveniles at CMFRI showed that inclusion of
phospholipids promote growth, improve and food conversion
in juveniles. It was also obhserved that inclusion of phos-
pholipids at levels greater than 2% in the diet had no
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. significant beneficial'effect. Lecithin deficiency induced
high mortality in larvae during the metamorphosis and all
the larvae died before reaching the post-larval stage.

- Inclusion of lecithin in the diet improved the efficiency

. of protein utilization. It is suggested that lecithin when

included in the diet mey provide choline, which acts as a

methyl donor during trans-methylation reactions, thereby
sparing the sulphur amino acid, methionine another methyl

N donor) for énhancement of protein synthesis. Thus lecithin
i:“inciusion*ih the diet improves protein rétention (Chandge.'MS).

CHOLESTEROL

The moSt'abuﬁdant steroid in animal tissues is
cholesterol (Lehninger, 1984). It occurs in the plasma
membranes of many animal c¢ells, in the iipoprotein of bhlood
‘Plasma and large quantities occur in the brain and nerve
tissues (Lehninger, 1984). Vertebrates includiné fish are
known to bilosynthesize cholestercl from precursors such as
 acetate and mevalonate. But crustaceans do not have the

, . ability to biosynthesize cholesterol (Zandee, 1964, 1966;

Kanazawa et al., 1971 a; Teshima et al., 1983; D'abramo
et al., 1984). Therefore cholesterol should be included in
their diet. |

‘Functionally cholesterol together with phospholipids
helps in transportation of lipids in body of animals. It is
also a poor insulator against electrical discharge, especially
in the brain, where it acts as insulator against nerve
impulses which are electrical in characters Cholesterol is
known to decrease the fluidity of artificial lipid bio-
molecular leaflets (liposomes) by decreasing the surface area
of the membrane (Van Deenen et al., 1972). It has alsoc been
demonstrated that diets supplemented with cholesterol can
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alter the kinetic'properties of enzymes in the erythrocyte
menbranes (Farias et al., 1975). In crustaceans cholesterol
is also the precursor for various physiologically important
compounds like steroid hormones, brain and moulting hormones
and Vitamin D (Kanazawa et al., 1971; New, 1976). Sterols
have also been found to be important components in the
cellular and'sub-cellular membranes particularly in the
hypodermis in Arthropoda (Gilhert, 1969; New, 1976)}. About
0.5% cholesterol has been found to be sufficient in the diet
of most crustaceans. In a secries of studies Kanazawa et al.

T (1971 a, b, ¢) have shown that P. japonicus utilized

cholestercl better than ergo-, stigma and B-sitosterol and
that these sterols are transported after ingestion with
cholestercl, and also that the spiny lobster is able to
convert cholestercl into sterold hormonces.

NEGATIVE ASPECTS OF LIPIDS

Rancidity

The requirement by fish for PUFA of the w3 scries
creates problems with respect to feced storage, since highly
gnsaturated fatty acids are very labilec to oxidation. The
products ofllipid_oxidation may react with other nutrients
such as amino acids, vitamins and reduce their biological
avallability. The cffect of oxidized lipids on dietary
proteins, enzymes and amino acids have been demonstrated
by Andrews ot al, (1965) and Crawford et al. (1965) and
many others. TPowler and Banks (1969) found that rancid
herring and hake meals in fish feeds caused dark coloration,
anemia, lethargy brown yellow pigmented livers, abnormal
kidneys and some gill clubbing in Chinook 3almon., Addition
of alpha-tocophercol rancid fish meals alleviated the
symptoms. Sinnbuber et al. (1968) and Watanabe and
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 Hashimoto (1968) demonstrated the sparing effect of alpha=
' tocopherol in rancid rainbow trout and carp feeds. Thus,
" it is clear that when oils with high contents of PUFA are

" used antioxidants should be added.

Cyclopropenodie fééﬁy acids

Cyclopropencic fatty acids fond in cotton seed oil
and the oll of other plants of the order Malvales, have .
been suspected to interfere with the fatty acid desaturase

B Eﬂfenzyme“sYstem as well as with norma) 1lipid and protein
" metabolism, Fatty acid desaturases of fish are affected in

the same way by the inhibitor sterculic acid as are free

f; fatty acid desaturases of mammals. Sterculic acid is a
' .cyclopropenoic, fatty acid occurring naturally in

triacylglycercls from plants of the order Malvales (Cowey
and Sargent, 1979). Roehm et al. (1969) fed rainbow trout
diets containing salmon oil supplemented with up to 200 ppm
of sterculic. acid. The inhibitor caused increased ratios
. of 16:0/16:1 and 18:0/18:1 as well as a decreased level of
' 22:6w3 in the trout. These changes were accompanied by
“liver pathology and a decreased growth rate durihg the
initial stages of feeding,
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Syhthesis of satg;ated and Monoenolc fatty acids_

Acetate
14:0 | 14:1w5 léglws
16:0 r 16:1w? ' 18:1w7
18:0 'i | 18:1w9 - 20:1w9’
20:0 20:1w11 22:1wll
010 22:1w13 |
Polyunsaturated fatty acids
18:1w9 18:2w6
20;1w9 18:2w9 -20=2w6_ 18;3w6
"20:2w9 20:3wb
20t 3w9 222 3w6 20: 4wé
22:4wb
22:5wé

18:3w3"

20:3w3 18:4w3
20:4w3

22:4w3 20t 5w3
+ 2215wW3

22:6w3

Fig: 1. Flow diagram for fatty acid synthesis mechanism in

fish (adapted from Castell, 1979).
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Carotenolds are quantitatively very prominent among.
the substances which render colour -« Biochrome. There are
an immense array of carotenoids in the animal kingdom and
so also in the plants. They are present predominantly in
the eye spot of the protozoans, in the body of coeclentrates,
sponges and otheﬁ'organisms;. The only clear cut physio~
logical function thoy.porﬁormﬁgg precursor for vitamin A.
Apart from this though many a varied roles ascrihed to them
in the physiology of the organism are highly speculative in
nature, Weﬂot the dawn of revolutionary find?hgs’in}the
funotion of carotenoids.

BIOCHROMES

The following group of biochemics are collectively
known as biocliromes - 1, Carotenoids, 2. Quinohes, 3.
Flavonoids, 4. Flavins, S. Tetrapyrroles, 6. Pterins and
7. Indole pigments. The first four are synthesised de novo
only by plants of which the first three contain only carbhon,
hydrogen and oxygen while the fouékin addition nitrogen.
Fiech o siwfh alao contain nitrogen and cculd “e synthesised
hy both ploats and animals. The last viz., indole pigments
are melanins ond 1ndigoids whioh are synthesised by the
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animals by catabholic degradation of essential amino acids
tyrosine and tryptophan. Of these carotenoids are the most
diverse and occur in very high quantity.

CAROTENOIDS .

Carotenoids are fat soluhle lipochromes and can he
divided into two groups. 1. Carotenes, which are carotencid
hydrocarhons lacking in oxygen ie. are made of carhon and
hydrogen only. 2. Xanthophylls, which are oxygen containing
alcohol soluble, non-=acidic, non-saponifiahle carotene

' derivatives. The xanthophylls are classified as follows
(Fox, 1976).

1. Carotenold alcohols = carotenols

2. v ketones - carotenones

3. " alcohol ketones- carotenolones

4, aldehydes = c¢arotenols

5. " ethers ~ caroten - ethers

6. Esters of carotenoid _
alcohols - carotenol esters

7. 'CarOtenoid acids and their éstérs.

In Xanthophylls suffix 'Xanthin' is added while for carotenes
Ycarotene’. Eg: Astaxanthin, %3- carotene, tunicarotecne.

Carotenodds are present in the organisms in two types
of complexes. viz., carotenoproteins - i) pigment is bound to
the protein in stoich@lometric amounts in non-covalent

linkages and ii) dissolved in lipoprotein or 1ipoglycoprotein
component .

The central dogma of carotenoid hiochemistry is that
animals cannot synthesise the pigments Qg Qggg bﬁﬁ can only
alter the molecules wy oxidation, as in the conversion of
frearetcse into astaxanthin, or, if the structure is
appropriate, by central fission to form vitamin A. Though
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'~-the'£1rst.par£ of the dogma still holds for the latter part

2 new metaholic activities have come to our knowledge as
exceptions. i) Conversion q:f;,"o-rings into €-rings in birds
and ii1) a change of chirality as in the formation of 3' =
epilutein from lutein in fishes (Goodwin, 1984).

Though animals lack the capacity to syntheqis kﬂ

| cgﬁsgenoids gi?m protoﬁgs to ma$§%§}a they contain g¥
carotenoc 8 of interest t bot?“?nimals and plants

" put together have more ! xanthophyllskfhe farine and

freshwater mud contain higher amounts of carotein than

xanthophylls., Fox (1979) divides the organisms into the

following 5 categories based on their carotenoid nutrition.

1. Carotene selectors: These ani s & cwoRon
provided with -° gcrms of carotenoidsh?re ahle to assimilate
hydrocarhon type of Qarotenes, while defaegcate xanthophylls
completely. Typical axamples L\orse and cattle:. The
marine detritus eating polychaete Euzonus mucronata assimi-
late and store ﬁg—carotene only. The parasitic crustacean
Sacculina carcina too assimilate and store in considerable
guantity only Aa carotene (Fox, 1979).

2. Carotenoid rejectorsz There are also animals
which assimilate little of carotenoids except for visual
“pigments from cérotenoid rich diets. The examples are sheep,
goat, swine and alsc most strains of rabhits. The hag f£ish
(cyclostome) Eptatretus stoutii, the meko shark Isurus
| glaucus and the chimaerid szrolagus sp. are also carotenoid
rejectors,

Xanthophyll accumulators: These organisms store no carotenes

hut assimilate alcoholic’; T hydroxXylated and .. o.. J.l”
ketonic Eﬁ;utenoids. . They convert only a little carotene
16

ingested ) vitamin A, just sufficient for their needs.
".Otherwise Jispose Off all carotenes in faeces. The examples
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are domestic fowl, most of the fishes and many invertehrates.

Non-selectors: These organisms readily assimilate and
deposit hoth carotenes and xanthophylls in the body tissues.
Examples are man, frog and octopus.

Caroteﬁoid innovators: These assimilate varied kind of
carotenoids, oxidiées them to yield derivatives, Thus |
ﬁz-carotene could he convert «mono - or dihydroxy-alcohols
(Eg: cryptgiifthin, zeaxanthin) or into mono - or dihydroxy -

diketo compui.. (Eg: astaxanthin).

Many echinoderms, crustaceans and a few fishes come
under this category. '

Crustaceans:

‘Artemia salina, the brine shrimp can convert
/3- carotene into echinenone and canthaxanthin. Penacus
jeponicus and Motapenaeus harhata oxidise /Z—Qarotene to
astaxanthin (PFox, 1979). In most crustaceans furece
astaxanthin forms the bulk of the pigment in carapace.
‘The pigments are transferred from epidermiﬁ% during moulting
to the carapace (Goodwin, 1984). It is observed that during
intermoult stages the carotencld content in the hepatow
pancreas~ is very high (unpublished data). In hepato=
pancreas the conversion of carotenoids take place. Some
crustaceans - Penasus japonicus - can metaholise /3 ~carotene
to astaxanthin while still others - Panulirus jaﬁonicus.
Portunus trituberculatus and Pagurus prideauxi - can meta=-
holise upto exhinenone (Fig. 1 and 2). The pigments are
transported ffom hepatopancreas to epidermis through
haemolymph while the transfer from gut to hepatopancreas is
mediated by a carrier protein, structurally similar to
apoprotein of K~ crustacyanin (Goodwin, 1984).
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lgsdarotene —4'4-Hydrqu5}2 -~carotene -3 4, 4'-Dihydroxyu/3

_ : =g¢oarotone
ﬁ[ (I:;fryppoxanthin) (Isozeaxanthin)
4~keto- ﬁ ~-carotene . _ 4~kato=4! -hydrc:xy—: E—c arcotene

4,4'-Diketo= ﬂ ~carotene
(Canthaxanthin)

Figure - 1: carotene to echinone and canthaxanthin
synthesls is crustaceans (Goodwin, 1934).

The carotenoid éonéentéations within the crustacean
can vary very much. In'géggastés corniculum carctenoids are
very high in the carapace and hypodermis while very iittle
is present in the eyes. In some euphausids anout 94% of the
total carotenoids cccur in the eyes. In gglonhorous
spinosus the eggs contain.2447/pg/§ carotencids while the
adults only'244)pg{gf\;xn Pandalus boreslis and Penacus
japonicus f}carotene is high in the hepatopancreas while
astaxanthin is abundant in the- carapac@'~

‘Amino acids._ It 15 of interest that otazu-Ahrill. et al.
(1982) have found thgt purified amino acids in the diet
especially methionine (at 8% level) can elevate carotenoid
levels in Palaemon serratus. Methionine and isoleucine pain,
produced stricking increase in carotenocids. However too highey
addition of free amino acids is the food reduced the pigment
content. & '

: gxestalk secrationss Ab&ation of. eye-atalks in Rithorgganogeus
. .harrisii. during development of ovaries. resulted in increase in

. ovarian weight with accumulation of carotenoids,while if
- anlatod during tho resting period, '@ . ovarian weight

IncTwasdagd st not the carotenoid content .° i, Removal

of eyestalk also seems to have a hearing on chromatophores
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ﬂé_'arotene ———d 4= DyArOXy= /3 ~carctene

(Isoeryptoxanthin)
N/ -4-keto- ﬁ ~carotene
(Exhinenone)
. Zeaxanthin o
| 4~ketom4 ' =hydroxy=- /9'~carotene
(4'~ Hydroxyechinenone)
W ' 4=4'~piketo - - carotene

ﬁ_ Doradexanthin (jCanthaxanthin)

Phoenicoxanthin
(Adonirubin)

Astaxanthin®™

Figure- 2: Metanolic pa{-._l'w_éy from ﬁ -daroténe_'tb'_
Astaxanthin in crustaceans (Goodwinn, 1984)
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and colour change. 1In gglgngn serratus plgment granules are
reduced with the loss of xanthophyll metaholism. In Jga
pugilator bilateral removal results in-loss of mobilisation
of carotencids from the hepatopancreaé. Bilateral removal
lowered the amounts of esterified axtaxanthin in Dardanus
arrosor while in Macrohrachium rosenhqu__ increase in

hoth free and esterified astaxanthin was ohserved.

FISHES - - h

‘ Carotenoids have heen located: in skin, muscle, liver,
egg, sperm and in bhuccal mucosa of fishes, It is difficult
to give authoritative values for carotenoids in fishes, |
‘since carotenoid content is influenced by dietary availability.
In salmon Oncorhynchus: nerka is the male during spawning
TS of the carotencids are inthe skin whille during pre-
spawning 98% is zoncentrated in the muscle. In the testis
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. 4t is nil. In the female during spawning 85% are in the
ovaries, 14% in the skin and 5% in the muscle. During
prespawning 90% are in the muscle, 1% in the’ skin and
little in the ovarjes. Thus mobilisation of carctencids
vary ‘. betwesn sexes and with reproductive cycie. In
fishes too as given in the figures 1 & 2 both moetabolie
patlways are evident, Much - qihc information on this is
based on reasonable evidences, yet intermediary links and
: hﬁdiatgé?enzymes are to bhe studied (Goodwin, 1984).

FUNCTIONS ASCRIRBED

The only major function known is the role of
carotenoids in the synthesis of vitamin A, ﬂ; ~carotene
by breaking at 15=-carbon can give rise to two molecules of
vitamin A. a{;~carotene. ﬂg-cryptoxanthin and /Z—apocarotene -
8'~al are active retinol precursors. Thus the two essentials
to be a precursor for vitamin A seems i) an unsubstituted
A;—ring and ii) a side chain of conjﬁgated double honds
at least as long as that in retinol. Zeaxanthin, lutein
and ﬁ;-—carotene are all inactive (Goodwin, 1984), In
frestwater fishes desaturation at (3 does not destroy
dctivity which is the characteristic of vitamin A2
(dehydroretinol). But saturation of a double bond in the
side chain or removal of a methyl group (eg. at C-=13)
entirely eliminated the vitamin activity. The usual form of
natural carotenoids is all - tranq%orm, though some
. Cis~isomers do exist. The pro-'?}—carotene thoudgh bheing a
cis-isomer has potency equal to all=trans- }(;carbtene,
necause one half contain all the structural requirements of
wvitamin A precursor (Goodwin, 1984).

All other functions proposed are just hypothesis&%'
Cenly., Goodwin (1984) catalogues the following as the
Suppesed fimctions of carotenolds in crustaceans, werception
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of light, electron acceptor,‘protective-chromatic adaptation,
protect eggs from sclar radiation, high temperature,

reducing reflectivity, masking luminescence c¢f prey in
stomach’and protecting gut wall against digestive enzymes -
stabilisation of proteins, stabilisation of chitin, transfer
of carotenoprotein pigments, reproduction, and chemo=-
reception in antennae,

Tacon (1981) speculate the following as the possible

function of carotenoids in fishes., 1. Antioxidant =-

ﬁ carotene is 50 times faster as oxygen quencher -. . fKao
aﬁ- tocopherol. 2. Fishes are capah ﬂh of storing and
modifying carotenoids to suit their_requirements, wherehy
indicating some vital necessity for carotenoids other than
vitamin-A precursor. 3. Egg astaxanthin in Salmo
gairdneri enhances chemotaxis of spermatozoa. 4. In
Cyclopterus lumpus therc is intensive expenditure of
carotenoids in yolk sac also in Salmo trutta. 5. When
canthaxanthin is supplemented in the diet of Salmo gairdneri
resulted in enhancement of growth and maturation'rate._ 6.
Degree of pigmentation 1s related tc tolerance to variocus
stringent.environmental conditions - low oxygen level,
elevated temperature and ammonia levels, 7. Carotenoids

may he respiratory'in cellular level under adverse oxygen
conditions., Eggs deposited in places of low oxygen and
animals which live in low oxygen localitles are more highly
pigmented. 8. Though the role of carotene in gametogenesia
is not clearly known in animalg,in certain filamentous fungi
{phycomycetes) ﬂ-—carotene serves as a preqursor to _44/
hormone trisporic acid which controls gametogenesis. 9. In
fishes it is most likely they are mainly antioxidents

since their association with high lipid content site make
one to spaouvlzste zo,
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QUINONES

Though the carotenolds are the subject of discussion
it is better that a very brief mention is made of other
biochromes, Of the quinones, ubiquinones (Q - coenzymes)

_ belonging to benzoquinone series serve as biocatalystsaig_'
. : - T e

cellular respiration. Eventhough they oceour almost

-~ the animals, always present in very low quantities.

* In the skeleton of the echinoderms naphthogquinones
pigments are present but their physiological role is not
established. Vitamins - Kl and Ky, o prothromiin and antie-
haemorrhagic factorqAé 8o related to naphthcquinones.

Anthrqguinones are predominently present in the
scala insects, ( Fox, \‘WQ)

FLAVONOIDS

Flavonoldes are less common'than the former. These
could have a role similar to that of vitamin P. Rutin has
been found to accelerate the healing from severe X-iay
burns and preventa capillary fragility. In the animals
subjects to irradiation calcium flavonoids decréased
haemorrhagic lessions and mortality (Fox, 1979).

FLAVINS

Rikoflavin is the most stricking example under this
group of biochromes. Riboflavin could be sunthesised by the
plants and specially young and tender parts are rich.
Rinoflavin is greenish - fluorescing, water soluble, yellow
(when oxidiséd),heterocyclic compound and servesas a
reversihle hydrogen acceptor in the redox systems {tox,1979)
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TETRAPYRROLES

' Porphyrins and Bilichromes helong to this group.
Chlorophylis and haem are porphyrins. Cyanonocobalamin
(Blz) is a tetrapyrrole. B;liruﬁin and the a;;ied hile
salts and the blood pigment biliverdin are the examples of

‘billichromes.{Foc 1979)

PTERINS

These are polycylic nitrogenous compounds.
Fluorescyanin present in fish scalcs are found to have
physiclogical properties’ like accelerating oxygen consu=
mption like those of vitamin-Bl: Xanthopterin is found to
stimulate normal cell division but suppresses tumorous
growth and also functions as anti-anaemic.(§ox, t179)

INDOLE

' The melanins, which are black or brown coloured
substances common on the skin, fur, scale and feathers.
The ink of cephalopods are melanins, Melanins are
synthesised hy the organism from the amino acid tyrosine
while indigoids from oxidation of tryptophan.(box, 1979}

In aguaculture, by tactful addition of specific
biochromes the shell/skin/meat colour of the cultured
organism can he modified to suit the aesthetlc taste of
the consumer markat,
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INTRODUCTION

Nutrition supplies the raw materials for the maine
tenance of life., Some materials ars used. for the formation
- of body tissues (anabolism) and some for the production of
energy (catabolism). Foods may be classified as energy and
growing foods carbohydrates {CHO), fats and protelns and
non energy foods {Minerals, vitamins, water and oxygern).
Nutrition of f£ish has received attention for many years. The
nutritional value of a diet is measured by the presence of
necessary elements and catalysts an abundant supply of the
anxillary foods and a proper balance between the energy and
growing foods. A proper balance between the energy and
growth foods assures an adequate supply of hoth energy and
raw materials for optimum anaboiic activity which in addition
to growth includes tissue repair, reproduction and the forma-
tion of essential body products. '

Phillips et al. (1948a) reported for trout the.
digestion of carhohydrate that of glucose 99%, maltose 92%,
Sucrose 73%, Lactose 60% and Starch 57% and Raw starch 38%.

- They -also reported that the levels in the diet under their
experimental conditions was limited to 12% digestible carbo-
hydrate b2cause the additional amounts caused a deposition
of excess of liver glycogen., It was suggested that higher
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'levels of carbohydrates was unable to utilise by the troup
physiologically. Buhler and Halver (1961) found that chinook
salmon tolerated relatively high levels of dietary carbo- .
hydrates without the development of abnormal conditions.
Schaeperclaus (1933) suggested carbohydrate as a source of
énergy for carp and reported digestibility of from 30 to 2%
Philips gt al. (1966, 1967) showed that carbohydrates were
utilized for energy by trout and thus spared protein for
protein purpose in the body. Kitamikado et al. (1965b)

found that large amounts of starch in the diet of'rainbow
trout decrease the digestion of protein and therefore
decreased the amount avallable for metabolism, The carbo-
hydrates are stored as immediate reserve energy hy showing
increased liver and muscle glycogen. However the reported
studies shows that there was increased body fat after feeding
surplus carbohydrate. :The carbohydrate absorbed by trout
assumed that the digestive enzymes sucrase, maltase,. lactase
and amylase are present in the tract. The maltase activity
was higher than sucrase and lactases,

MoGeachin and Debnam (1960) demonstrated a relatively
high amylase activity in the digestive trace of_number of
fresh water fishes. Kitamikado and Tachino (1961a).fcund an
amylase activity in the digestive Eract'of rainbow trout that
was less than that of carp but more than that of eel,
reflecting differences in the feeding habits between flsh
species, Kenyon (1925} found a similar relationship in an
abundance of the starchsdiéesting enzyme amylase was preéent
in the intestinal mucosa of carp but almost none in Pickerel.
Fish (1962) correlated the digestive enzymes with normal
diet. In predominantly herbivorous Tilapia, amylase activity
was distributed throughout the gastrointestinal tract, but
carnivorous perch the pancrease was the only sourge of
amylase. The inahility of fish to mobilise liver glycogen
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rapidly under circumstances such as starvation suggests
either a paucity of phosphorylase or that metaholic and
hormonal factors restrict the activity of the enzyme. Nagal
and Tkeda (1972) experimented carp subjected to either
regain oxidized glutamate rapidly and glucose slowly, deduced
that aminoacids are a superior energy sources to glucose for
carp and that energy utilization in the fish resembles that
in a diabetic mammal. '

Singh and Nose (1967) reported the carbohydrate
digestibility was measured in young rainbow trout using the
indirect method i.e. reference to the concentration of
carhohydrate in diet. Glucose, sucrose, lactose were
easily digested and absorbed and their digestibility remained
nearly constant regardless of the level in diet. Dextrin
and potato a starch were far inferior to the above mentioned
.sugars Iin their digeétibility, the rate being 77 and 69%
respectively at 20% carbohydrate levels in diet and their
digestibility had a negative correlation to the concentration
of starch in diet,

Nagai.and Ikeda (1971) have shown for the carps that
under starvation the conversion of lipid to glycogen in '
hepatopancreas and temporary increase of the blood, glucose
levels were found at the same time. During breeding the
carpohydrate content in diet increased or protein decreased,
glycogen in hepatopancreas increascd while 1ipid in hepato~
pancreas and blood glucose level decyreased., This suggests
that carp unlike in mammals that carbohydrate is hardly
converted to lipid but that protein is principally converted
to lipiad where as carbohydrate does not precede elither
protein or lipid as energy sources but certain amount of it
is necessary for the activity. They also showed by conducting
axperiaacts by using lablend carhon (140) and found that
Glugose 6 = 14Q\was incorporated in to glycogen in all



o 4 o
groups bhut oxidised to 14C02. When more than 50% of protein
was contained in diet, oxidation of glucose 6.14C decreased
‘remarkably and at the same time blood glucose and extent of
 randomization of 14
observations it was suggested that carp possesses the active

C in glucose was increased. From these

and reversible Embdon-Meyerhof path way but that glycogen is
not a principal storage depot of energy.

Carbohydrate levels of about 25% in the diet is as
effective as fat for the survival of channel catfish,
rainbow trout and Plaice Singh and Nose (1967) explained
high levels of starch in a sharp fall in digestibility for
the thus -species. Chion and Ogino (1957) has demonstrated
85% ingested starch was digested by the species 18=48% only.
Cellulose activity was demonstrated by Sticknery and |
Shunaway {(1974) in the digestive tracts of several finfish
species of estuarine forms. These cellulose activity was
assoclated with the micro-flora in the alimentary tract.
The hepatic hexokinase iszoenzymes of six species of £in were _
studied by Nagayama and Ohshima (1974) but no iscenzyme which
resembled mammallan glucokinase was detected. Glucose

dehydrogenase activity in liver of carnivorous fish is said
to he four to seven times that in mammalian livers, whereas
the activity in herbivorous fishes is similar to that of
mammals (Nagayama et al., 1973). Hexokinase activity in
different organs from various species of fish has been
measured by several workers. Hexokinase (+ glucokinase)
activity in rat liver 1s about 10 fold higher than in the
liver of £ish that in rate kidney about 3 £old higher than
in figh kidney. This appears one of the prime reasons fof
the inability of fish to metabolize glucose rapidly.
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 Hexokinase activity in tissues of fish and rat

Liver @~ Heart = ‘kidney ' Musgle
Grass carp - 0.28 3.58 0,99 °  0.19
Rainbow trout 0.52 1.45 = 0,99 0.19
Bel , 0.2% . . 3.14 0,94 0.7

Rat 2.5 6.1 2.8 2.0

- 5 Nagayama et al. (1972). have attempted to assess the
relatiVa ability (Latest activity) of four species of fish
to metabolise glucoee on. the basis of the total hepatic
activity of certain enzymes in fish of unit weightu On this
‘criterian species rated in the order grass cerp, eels, carp
and rainhow trout. Fish do not mobilize liver glycogen
rapidly when they are starved Nagai and Ikeda (1971a) found
that blood glucose and liver glycogen levels of carp which
have been starved for 22 days were hot'significantly
different from those of carp which had been given diet
varying markedly in gross composition. Even after 100 days
without food. appreciable amount of glycogen (1.5%) remained
in carp liver. This phenomenon is common to other species
such as European and Japanese eels.

-The-- carbohydrate and protein interaction was found to
be 45-40% respectively (Kandasami et al., unpublished) for
mullets (Li;e macrolepis).

CARBOHYDRATE REQUIREMENTS OF CRUSTACEA

Carbohydrates digestion in crustacea has been demon-
strated by Kooiman (1964) and présence of carhohydrates
including amylase, maltaSe,-saccharaee, chitinase and
' cellulase shown later may be from the hacteria in the
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intestine., Metabolically carbohydrates are important in
Kerhs cycle, in glycogen storage in chitin synthesis and in
the formation of steroids and fatty acid., wheat starch,
dextrin and oyster glycogen are completely assimilated by
Palaemon serratus (Forster and Gabbch, 1971) potato starch
whether cooked or uncooked is less digested., »Addition of

20% glucose teo a menhaden based diet for Penaeus oztecus
reduced growth rate (Andrews et al., 1972). It was postulated
that dietary glucose was rapidly but inefficlently utilised_
for energy metaholism, whereas the glucose from digested .
poly saccharides was absorbed more slowly and effectively.
Inclusion of 40% corn starch in casein hased diet for Penaeus
duorarum produced faster growth, than 10 or 0% starch (Sick
and Andrews, 1973). .Deshimaru and Kurski (1974 a) obtained
increased growth.rate with.P. jaggnicus though. 6% dextrin
‘inclusion in a casein-based diet. 6 and: 12%,addition of .
glycogen had a proportionately;similer_e#fect“whetbe:<ip the
p;esence of dietary 1ipids or.nmot... - .. '

While ehrimp can utilize CHO efficiency varies accord-
_ing ‘to sources. Partial digestion of cellulose takes place
and extracellular chitinase enahle digestion of chitin from u
dietary sources or £rom cast exuvial._ The ability to digest
specific sources of CHO varies hetween ‘species. Starch seems
to be more efficiently utilised than glucose. '

- The role of CHO and of'its-sources-will hecome more .
important as dietary protein levels are lowered. Rahman,
Kanazawsa and Teshima (1979) have studied the effect Of
dietary CHO on'the body-welght gain, survival,; PER and the
hepatopancreatic glycogen and sérum glucose levels of the
prawn P, japonicus. - The highest weight gain was obtained
in the diet contained 19.5% meltose'as,CHO source. Grcwth of
prawn was poor in high levels of monosaccharids{ glucose or
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galactose as compared l.e. maltose and the polysaccharids
soluble starch, potato starch, dextrin and glycogen.
Feeding with diet containing glucose or galactose ‘for 30 .
days resulted in high glycogen level in hepatopancreas._
Also the serum glucose level increase quickly after oral
administration of ‘glucose and remained at high after 24 hours
whereas after the administration of di and ﬁoly saccharids
it increased maximum after 3 h and then decreased to the
pre~test levele.

Deshimaru and Yone. (1978) have studied the carbo-
hydrate rcquirements of the prawns P. jaEgnicus and ohserved
that the poorest feed efficiency and high rortality were
found with the group fed on diet containing glucose. Also
the ‘diets containing starch and dextrin produced high
mortality. On the other hand the two-groups maintained on
the diets with glycogen and sucrose had a low mortality.
From this’ 1t was concluded that sucrose and glycogen are
desirahle sources of dietary CHO for the prawn while glucose
is unsuitable,.
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fNTRéDU'cTIou '

In animal nutrition. while protein. lipid and carbo~ .
hyﬂrate are’ required in major qu&ntities, vitamins and
minerals are required in smell quantities in the diet. |
Though minor in hature, the ‘mineral nutrition is no less
iimportant. Minerals are very eesential because animals are

not capable of synthesising them and should be supplied
| through external scurce. ‘Many of the minerals are vital for
_healthy growth of the animals and their prolonged none
- availability, either through diet or. through environment, may
cause Jlrrecoverable deficiency disease.' Oon one hand'mineral_,
elements are basic units of skeletal structures of the
animals on the other hand mineral ions are important co-
factors of enzymes and other bioiogicai:ohemicals involved in
‘ 11fe process. ° Minerale are .of paramount importance for,
aquatic animals 1ike fish and shellfish since these animals
. need to keep thelr oemtic kalance through nﬁ.neral ions.
Mineral elements required by fish may be clagsified as bhulk
elements such as calcium, phosphorous. potassium. chlorine,
sodium and magnesium (these are required comparitively in
large amounts) and trace elements which are copper, cobalt,
iran, iodiue, manganose, selenium, zinc. aluminum. chromium
and vanadiwm.(toaseeoxe required in very small quantities).
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MINERAL REQUIREMENT STUDIES

Experiments to study mineral regquirements are .rather
- difficult to conduct, mainly becapse;it is not easy to
prepare diets with limiting concentrations of each mineral.
Secondly feeding experiments with the animzls should be of
very long durations, in order to observe the manifestations
of mineral requirements, deficiency and excesses. It is

" much more complicated in the case of aquatic animals since

* water is ‘the largest contributor of a variety of mineral
elements;' Further there is possibility of interactions
between minerals which may qreatefcomplidatibns in dssessing
the dietary requirements. The interactions may Me either
antagonism or synergism. For example large amounts of
ealeium in'the diet may lower the availability of zinc
 present ‘in the diet. Calcium deposition occurs in fish which
is deficient in magnesdium. 'Minerals have a role in many
facets of metabolism such as hormones, respiratory pigments,
| structural elements, high-energy bhonds and enzyme co-factors.
Thus studies on mineral requirements, assumé greater
Importance in fish and shellfish nutrition,

MINERAL REQUIREMENTS OF FINFISH

among the aguatic animals, the mineral nutrition of
finfish has been studied in greater detail, Fresh water fish
show higher requirement of most of the minerals compared to
the marine fish. The later group are capable of absorbing
some of the mineral elements present in salt water. After
detailed experiments, it was.shown that red sea bream need
'only iron, potassium and phosphorous in their diet, the
remainder of the elements coming from the oxternal environe-
_mant- . Magy of the mineral requirement studies are therefore
directed on the tresh water fish species, The mineral

N\

I
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.|. elements calcium, phosphorous, sodiwm molybdenum, chlorine,

. maghesiums iroﬁ} selemium, iodine, manganese, copper, cobalt
gfand zinc are recognised as essential for body functions in
s ;ffiah. Fluorine and chromium have also been added of late
el to the; list of ssﬁential elements.,

1 Calcigm and phosphorous

Calcium and phosphorous are closely related in meta~

_ ﬂboiism and are discussed together in £ish nutrition, Major
‘portion of calcium (99%) and phusphorous (80%) are found in
 bones, teeth and seiles., The ratio‘of'caloium and phog=
' phorous'iﬁ pone ash is found to he approximately 2:1.

The extra skeletal calcium is widely Gistributed

'throughout the organs and tigsues and exists in diffusable

and non-diffusab*e form. Non-diffusable form is. houad to
proteins and the dlffusable.form.which is generally found as
phosoiate, piays ' signifioant role in the nutrition of
animal, Icnised oaloium in the extracellular fluids and 1n
the circulatnry system participate in muscular activity and
osmoregulotion.

Extra skeletal phosphorous is prosent mostly in oombi—
nation with pr oteins. lipids. sugars, nucleic acids and other
organic compounds. In some species the sk_n also appears to

-~ be an.important repository £or dietary phosphorous.,

As stated ecarlier, fish are capable of extracting
calcium directly from the surrounding water through gills.
On the other hand the absorption of phosphorous is negligiblo
from the environment, and the fish mainly depond upon the
dietsry sources of phosphorous. '

Calcium and Phosphorous are absorbed in fish in the

upper gastro-intestinal tract. while calcium is rapidly

deposited asucaloium.salts in the skeleton, phosphorous is
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distributed to all the ﬁajor tissues. Water temperature
influences the absorption of phosphorous and increases with
‘increase in temperature.  Higher content of glucose in the

- diet was found increase the absorption of dietary phosphorous
by the fish. Absorption and retention of calcium are not
influenced by any such external factors. The level of

. phosphorous in the diet influences the calcium :etention_in
-_the-hody. 'Higher'levels of'dietary phosphorous enhances the
‘tetention of calcium to maintain the ratio between the two
elements in the body.

The'dietary phosphorous requirement of fish are as follows:~

Fish . : Requirement N
. Atlantic salmon | 0.7%
Channel catfish 0.4 = 0.,47%
Common garp 0.6 = 0.7%
Red sea bream - 0.68%

Rainbow trout 0.7 - 0.8%

Thus in general the phosphorous.réquirement in the

- dlet of fresh water and marine finfish is almost same,
Dietary calcium levels for fish are not recorded due to the
aﬁsorptién of this element from the environment by most of
the,fihh'species. '

Many ingredients used for feed making are rich in
daleium and phosphdrous. Fish meal contains rich amounts of
both the miherals. Calcium 1s generally deficient in plant
ingredients and the phosphorbus pfesent in them is not' avail-
able to the fish éspecially when the plant materials contain
-phytin or phytic acid. Phosphorous is readily available to
the animals if potassium or sodium derogen phosphate or
mono caleium phosphate 1s used in the diet. On the other
hand phospharous from tricalcium phosphate is not readily
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- ¢ available, Fish meal is rich in tri-calcium phosphate, Due.
U to _ite poor availability to £ish, it is relecascd into to the
.| water throigh faeceés. This can combine with ammonia in water
o ; -' and lead to extensive eutrephicatien in the ponds. Defici- )

"_ency symptome of caleium are not described in £ish. Poor .

: growth, reduced feed efficiency. low bene ash and low

: haematocrit levele Were ohserved in- cham1e1 catfish fed .

_ E'ipheephorous deficient diet. Prolonged: feeding ‘of: phcsphoreue
’ deficient diet has resulted in lordosis and abnorrnal

'i calcification of bohes (brit,tle structure) in common:carp.

The aymptcme were eimilar 1n red sea hream. ST

Magnes ium

- About. 60% Qf the. body magnesium is found in skeletal
structure .ang, the, remin.i,ng ie dietribut:ed throughout. the
' organic and. mueele taeeues._ It :Ls an impertant en7yme '
! co-factor and component of cell mmbranee. -

_ Marine fish ere capable of extracting magneeium from
the enviromnent. Since this element is very limited” 1 '*‘--".
::Ereeh water, the fresh-water species seém to depehd upen

':'d:l.etary aouree ef megneeium."’ The ﬂiet‘ar} requirement 8.

. mognesium for ra:l.nbcw tx:*out 18 0.0640.07% and forcarp'it is
. 0,04~085%, Mot of thd' conpcsunded ‘toeds propated with.

‘ ' ingrediente of cnimal or ﬁlanﬁ origin have adeqwate levels.

[ I R
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Apart from the general emptc;ﬁe;_:_(;redueed g._rcw._tj.h end
poor food conversion -efficieney) -magnesium de'ficiency in
rainbow trout leads to renial calcinoeie and a flaccidity of
! ‘the mascle Hue to increase in.the extra qellular £luid volume.
'Toss of appetite, s&ugg'ishneee and -convulsion followed by
 tetany were also ohgerved in common carp amd rainbew trout
fed fiagneeium deficlent Aiets. i oo
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2inc is an important co-factor aof many enzymes like
carboxy peptidase, dismutase and.supercxidé‘in the animals.
Many metabolic functions are effected by its deficiency.
In rain bow trout, zinc requirements are normally . met by
dletary levels of 15-30 mg/kg. Large amounts of calcium
present in the dlet appears to lower the availability of
zinc to the animal due to antagonism. .Calcium and zinc

' - perhaps compete for the same hinding sites of protein or

have same metaholic pathway and absorption mechanism. 2inc
sulphate (Znso4) secems to be the bhest source of zinc in the
diet. . “

Deficiency of zinc was found to cause Jawarfism' and
cataract of the eye in rain bhow ‘thout. chever several
hundred mg of Zn per kg cf diet dc not appear to be injurious
to rainbow trout. '

T '.ff'_j' | | - |

nifferent dietary 1evels of COPPGr have no influence
on the growth of rainbow trout,. Copper when included in the
: ‘diet of common carp fingerlings, at O. 7 mg/kg diet. the grcwth
was low. The growth was better with thc diet contgining
3.0 mg copper per kg diet. Dietany copper level for channel
catfish does not appear to be more than 1.5 mg/kg dry diet.
Copper concentrations of 20-~30 mg/kg diet, very much reduced
the growth of catfish. g ' :

Iron

Iron deficiency in the diet of red sea hream resulted
in a £érm of microeytic, hypochromic anasemia similar to iron
deficierncy in land ‘animals. Common carp fed a semi purified
Aiet with iron grew normally but exhibited sub~clindcal
syhptcms of hypochromic and microcytic anaemia. Iron
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».cdnéentration of 150 mg/kg diet was found to be required at

minimum level, to prevent anaemia'in red sea bream and.

- common carp.’

.- Mangsnese '

Mangéﬁese deficiency in rainbow trout gives.rise to

. ‘abnormal curvature of the back bone and mal formation of the
3 3, tai1.;fManganese content of 12-13 mg/kg diet, produced
'cﬁﬂhigherfgrOWth rates in rainbow trout and carp,_'Manganese
“sulphate (Mnsbé) and'ganganese chloride (Mnclz) are found
- to be good sources of manganese in f£ish diets.

Selenium

Selenium is a component 6£ metallo-enzymes glutathione
veroxidase. . It plays an important role in the antioxidant
defence mechanisms of the fiéh.'_It‘functions synergestically
with vitamin E, Deficiency of selenlum lsads to rapid onset
of muscular dystrophy and exerdative diathesis., Maximum '
glutathione peroxidase activity was observed at diatary

‘selenium levels of 0.15 and 0.38 mg/kg diet. At 13 mg/kg

diet it was found to he toxic, causing uncoordinated spiral
swimming behaviour leading to mortality in fish,
Jodine

Iodine deficicncy produces goitrous condition in
trout. A dietary requirement of 1.1 mg lodide/kg is

- recommended in the dlet of chinock salmen.

The role of other trace elements in fish are not clarified{
The requirements may he similar to those described for
land animals. '

A summary of the mineral requirements of different fish and
thalr dsiicienay symptoms are given in Annexure - I.
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Mineral mixtures used in the standard fish diet are given
helow. '

I, Mineral Mixture (USP XII No. 2) (Halver 440)

’_.Célcium phbsphate {g) 13.58

Calcium lactate = 32,70
Ferric citrate 2,97
_}MagnésiumISulphate 13,20
‘"‘PofaSSium*phosphate 23.98
SN (dibasdic) )
Sodium biphosphate 8,72
Sodium chloride 4.35
Aluminum chloride 0.015
Zinc sulphate - 0,300
Copper'chloride 0.010
Manganese sulphate 0.080
Potassium iodide 0.015
Cobalt chioride 0.100

ogino sd;t Mixture for Fish

NaCl (g) . 1.0,
‘Mgso4 15,0
. NaH2 PO4 ‘ 25.0
KH2 P04 32.0
Ca(H2 PO4)2 20,0
Ferric citrate 2.5
Calcium lactate 3.5 ,
Trace elementsw¥ 3.5
Trace.elements kO
| 100.0

3“cpmpositipn'of trace elements _ "
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. Znso4  7H20 (g) 35,3
MnSO4 - 4H20 (g) | 16,2
Cuso4 " 3.1

coclz. " 0.l

| K103 "o 0.3

Cellulese . - 45,0

100.0

MINERAL REQUIREMENTS OF SHELLFISH

. Mineral requirements of cultivable species of prawns
are studied to some extent among the shellfish. Penacid.
prawns were found to require calcium and phosphorous in their
diets. Best growth was.bbtained'wheh the diets of the prawn
Penaeus japonicus diets were supplemented with 1.04% of
phosphorous and 1.24% of calcium. It was indicated that the
caleium and phosphorous ratio in the diet ¢f prawn should bhe
1.2:1. When this ratic was increased to 2:1 growth was
inhibited and pigmentation decreased, Through studies with
radic activity lahelled calcium (45 ca), it was demonstrated
that prawns could ahsord caleium from the éurrounding water.
It was estimated in P. japonicus tﬁat approximately 0.83 ' mg
of calcium is absorbed per day per gram of body weight from

- the environment, when the sea water conthined 0.44 mg/ml of
calcium. This had lead to the conclusion that the calcium

requirement could be satisfied by the calcium in surrounding
secawater. . ' '

‘Supplementation of the diet with calcium (2%). _
magnesium (0.3%) and iron (0,02%) did not improve the nutiie
tive value of the diet P. japonicus. Iron in the diet
rather reduced the growth. Phosphorous at 2% level in the
diet sffentivaly improved the performance of the diet.
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Potassium at 1% level in the diet showed higher growth and
feed efficiency..

The requirement of individual trace elements was not

| atudied,' However when a mixture of trace elements, consisting
. of aluminum chloride (S mg), Zinc sulphate (90 mg), manganese
" sulphate (20 mg), copper chloride (5 mg), potassium iogide

(5 mg) and cobalt chloride was added to the diet at 0.2%

' level, enhanced the efficiency of the feed; higher level of
. this mixtdre above 0.2% in diet lowered the growth.

Studies in detail, on the requirement of each
individual mineral element are needed to understand
" thoroughly the defilciency and excess symptoms of duifferent
minerals which are not available at present. However
nutritionists have beén-adding‘mineral mixtures to their
diet formulations. The mineral mixture used in the diet of
P. japonicus is given below. '

Mineral mixture used in prawn diet per 100 d.
' {(g)

K2HPO4 2.0
Ca3 (P0@)2 o 2.72
NaH2 P04 2.H20 0.79
My S04 3.02
FesSO4. TH20 0.015
MnSO4. SH20 . 0.004

8.549
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- In aniﬁai'nutrition;"while'protéin;‘Iipid and carbo-
hydrate are’ required in major quantities. vitamins and

Iminerals are required in ‘small quantitieﬂ ‘in the diet,

Though minor in nature. the ‘mineral nutrfition is no less

important., Minerals are very essential because animals are

not capable of synthesising them and should be supplied
through external scurce, Many of the minerals are vital for

'heaithy growth of' the animals and their prolenged nonw

- availability, either through diet or thfough environment, may
j cause irrecoverable deficiency disease, :On one hand mineral
ielements are basic units of skeletal structures of the

| animals on the other hand mineral ions are important cow

factors of enzymes and other bioclogical chemicals involved in
life process. Minerals are of paramount importancé for
aquatic animals like fish and shellfish since these animals
need to keep their osmotic kralance through mineral iona.
Mineral elements raoquired by fish may be. classified as bulk\
elements such as calcium._phosphorous. potassium, chlorine,

Esodium anc magnesium (thegse are required comparitively in
: large amounts) and trace elements which are copper, cobalt,

iron, iodise, manganese, selenium, zine, aluminum, chromium

_ _and vanadiumA(thasew?re required in very small quantitdies),
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MINERAL REQUIREMENT STUDIES.

Expefiments to study mineral requirements are rather
difficult to conduct, mainly because;it is not easy to
prepare diets with limiting concentrations of each mineral.

"_SecOndly feedihg experiments with the animcls should be of

very long durations, in order to ohserve thexmanifestations
of mineral requirements, deficiency and excesses. It is

- much more complicated in the case of aguatic animals since
"ﬁatéffis;the largest contributor of a variety of mineral
élements,_ Further there is possibility of interactions
between minerals which may create complications in assessing
the dietary requirements. The interactions may be either
antagonism or synergism. For example large amounts of
calcium in the diet may lower the availability of zinc
present in the diet. Caleium deposition occurs in fish which
is deficient in magnesium. Minerals have a role in many
facets of metabolism such as hormones, respiratofy pigments,
structural elements, high-energy honds and enzyme co-factors.
Thus studies on mineral requirements, assume greater
importance in £ish and shellfish nutrition,

MINERAL REQUIREMENTS OF FINFISH

Among the aquatic animals, the mineral nutrition of
finfish has been studied in greater detail. Fresh water fish
show higher regquirement of most of the minerals compared to
the marine f£ish. The later group are capable of absorbing
some of the mineral elements present in salt water. After
detailed experiments, it was shown that red sea hream need
only iron, potassium and phosphorous in their diet, the
remainder of the elements coming from the oxternal environw
mank . . Many of the mineral requirefient studies are therefore
dirccted on the tresh water fish species. The mineral

N
J*\. B
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. elements calcium, phosphorous, sodium molybdenum, chlorine,
3 magnesium. iron, selemium. iodine, manganese, copper, cchalt

and zinc are recognised as essential for body functions in

.  “;5|51sh. Fluorine and chromium have also been added of late
ﬁ  to the list of essential alements,

“-'Calcium and Ehosghorous

Calcium and phospherous are closely related in meta-

1boliam and are discussed together in fish nutrition. Major
portion of calcium (99%) and phosphorous (80%) are found in
~ bones, teeth and sgales. The ratio of calcium and phos=~

phorous in bone ash is found to he approximately 2:1.

The extra skeletal calcium is widely distributed
throughout the organs and tissues and exists in diffusable
and non-diffusable form. Non-diffusable form is bound to
proteins and the diffusable form which is generally found as
phosphate, plays a significant role in the nutrition of
animal. Ionised calcium in the extracellular fluids and in

i the circulatory system participate in muscular activity and

osmoregulation,

Extra skeletal phosphorous is present mogtly in condbi-
nation with proteins, 1lipids, sugars, nucleic acids and other
organic compounds. In some species the skin also appears to.
be an important repositéry for dietary phosphorous. |

As stated earlier, fish are capable of extracting
calecium directly from the surrounding water through gills,
On the other hand the absorption of phosphorous is negligible
from the environment, and the £ish mainly depend upon the
dietary sources of phosphorous.

Calcium and Phougphorous are absorbed'in fish in the
upper gastro~intestinal tract., While calcium is rapidly.
depositaed as ¢aleium salts in the skeleton, phosphorous is
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.distributed to all the major tissuea.'_water temperature
influences the absorption of phosphorous and increases with
increase in temperature. Higher content Qf glucose in the

. diet was found increase the absorption of dietary phosphorous
by the gish. Absorption and retention of calcium are not
influenced by any such external factors. The level of

- phosphorous in the diet influences the calcium retention in
the hody. Higher levels of dietary phosphorous enhances the
: retention of calcium to maintain the ratio bhetween: the two
elements in the body.

The dietary phosphorous requirement of f£ish are as follows:w

Fish ' ' Requirement
Atlantic salmon 0.7%
Channel catfish 0.4 = 0.47%
Common carp 0.6 - 0.7%
"Red sea bream 0.68%
Rainbow trout ' 0.7 - 0.8%

Thus in general the phosphorous requirement in the
diet of fresh water and marine finfish is almost Same .
Dietary calcium levels for f£ish are not recorded due to the
absorption of this element from the environment by most of
the fish species.

Many ingredients used for feed making are rich in
calcium and phosphorous, Fish meal contains rich amounts of
both the minerals. Calcium is generally deficient in plant
ingredients and the phosphorous present in them is not avail-
ahle to the fish especially when the plant materials contain
phytin or phytic acid. Phosphorous 1s readily available to
the animals if potaésium or sodium hydrogen phosphate or
mono caleium phosphate 1s used in the diet. ©On the other
hand phosphorous from tricalcium phosphate is not readily
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-avallable, Fish meal is rich in tri-calcium phosphate, Due
B to- ite pooxr availebility to fish, it is released into to the
;;; water through faeces. This c¢an combine with ammonia in water
end lead to extensive eutrophicetion in the ponds. Defici-
ency symptoms of calcium are not described in fish, Poor
growth. reduced feed" efficiency, low bone ash ard low
; haemetocrit levels‘Were ohserved in’ ‘channel catfish fed
lphosphorous deficient diet, Prolonged feeding of phosphorous
deficient diet has resulted in lordosis and abnormal
calcification of bones (Brittle structure) in common carp.
E?he eymptome ‘were simflar in red sea hream.

Magnesium _
i - - About 60% of the body megnesium 1s found in skeletal
structure and the remaining 1s distributed throughout the
organic and, ;miscle, tissues. It is an important enzyme '

co-factor and oomponent of cell membranes.___ll

3 Marine £f£ish are oapable of extracting magnesium from
" the environment. Since this element is very limited in

f fresh weter, the freeh water‘epeciee seem to depend upen

: dietery eouroe of nagneeium. The dietary requirement of

‘ magneeium for rainbow trout is 0 06=0.07% and for carp it is

I

.......

g 0.04-0.05%. Most of the compounded feceds prepared with
ingredients of animal or’ ‘plant origin have adequate levels
2 of magnesimn. ’ '

: Apart from the general symptoms (reduced growth and

- poor food conversion efficiency) magnesium deficiency in
-;rainbow trout leads to renial calcinosis and a flaccidity of
}the muscle due to increase in the extra cellular £luld volume.
?Loes of appetite, sluggishness and convulsion followed by
?tetany'were also observed in common carp and rainbow trout
ﬁfed nagmneaium deflcient dicts,.

“
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Mineral mixtures used in the standard fish diet arxe given
below.

T. Miperal Mixture (USP XII Wo. 2) (Halver 440)

_.Célcium phosphate (g) 13.58

' Calcium lactate | 32.70
_ Ferric citrate 2.97
. jMagnéSium sulphate 13,20
" Potassium phosphate 23.98
o (dibasic)
Sodium biphosphate 8.72
sodium chloride | 4.35
Aluminum chloride 0.015
Z2inc sulphate 0.300
Copper chloride 0.010
Manganese sulphate 0.080
Potassium iodide - 0.015

Cobalt chloride . 0.100

Ogino salt Mixture for Fish

" NaCl (qg) 1.0
MSo4 15.0
NaH2 PO4 25.0
KH? PO4 - 32,0
Ca(H2 PO4)2 : - 20.0
Ferric citrate . 2.5
Calcium lactate 3.5
Trace elements* 3.5
Trace elements 1.0

100.0

* pomposition of trace elements
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Znso4 7H20 (g) 35,3
MnSO4 - 4H2o (g) 16,2
Cuso4d .o 3.1
cocl2 wo . 0a -
K103 LI 0.3 : -
Cellulose “ 45.0°
100.0
———

- MINERAL REQUIREMENTS OF SHELLFISH.

Mineral requiremcnts of cultivable species of prawns
are studied to some extent among the shellfish. Penaeid
prawns were found to require calcium and phosphorous in their
diets. Best growth was obtained when the diets of the prawn

'Penaeua japonicus diets were supplemented With 1.04% of
phosphorous and 1. 24% of calcium. It was indicated that the
calcium and phcsphcrous ratio in the diet of prawn should bhe
1.2:1. When this ratio was increased to 2:1 growth was
inhibited and pigmentation decreased. Through studies with .

. radic activity lahelled caleium {45 Ca), it was demonstrated
1 that prawns could absorb caldium from the surrounding water.

iIt was estimated in P. japoni Qus that approximately 0.83 mg
*of caleium is absorbed per day per gram of body weight from

the environment, when the sea water contained 0.44 rxg/ml of
‘calcium. This had lead to the ccnclusicn that the calcium

3requiremcnt could be satisfied by the calcium in surrounding
1seawater.

? Supplementation of the diet with calcium (2%).
;magnesium (0.3%) and iron (0,02%) did not improve the nutri-
itive value of the diet P. japonicus. Iron in the diet
_rather reduced the growth. Phosphorous at 2% level in the
hiet effectively improved the performance of the diet,
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Potassium at 1% level in the diet shqwéd higher growth and
~ feed efficiency.

The requirement of individual trace elements was not
studied. However when a mixture of trace elements, consisting
;.Qf aluminum chloride (5 mg), Zinc sulphate (90 mg), manganese
 sulphate (20 g, copper chloride (5 mg), potassium iodide
(5 mg) and cobalt chloride was added to the diet at 0. 2%

- level, enhanced the efficiency of the feed; higher level of
this mixture ahove 0:2% in diet lowered the growth.

Studies in detail. on the requirement of each >
individual mineral element are needed to understand
thoroughly the deficiency and excess symptoms of different
minerals which are not avallable at present, However _
nutritionists haf®e been adding mineral mixtures to their
diet formulations.. The mineral mixture used in the diet of

« Japonicus is given below.‘

Mineral mixture used in prawn diet per 100 g.

. (g)
K2HP04 2.0

Ca3 (P0O@)2 2,72
NaH2 PO4 2.H20 0.79
Mg S04 ' 3.02
FeSO4; TH20 0.015
M1SO4. SH20 - 0.004 -

8.549

iy — -
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Vitanins are complex organic substances, usually of
comparatively small molecular size (molecular weight usually
less than 1000). They are distrihuted in feedstuffs in small
quantities and form a distinct entity £rom other major and
minor food components (Cho et al., 1985). The'importance of
" vitamins as ‘essential constituents in the diets of animals
came to light 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 cot:mercially"important
species., While contrihutions to vitamin nutrition of mammals
and poultry are numerous (Mitchell, 1964), contrihutions from
aguatic species are relatively less, and mostly came from
studies with £infish {Cowey and Sargent, 1972; Halver, 1972,
1980; Mahajan and Agarwal, 1979; Millikin, 1982). In recent
vears, active research is in progress on the vitamin require-
menits of crustacéahs, hecause of their‘grcwing commercial
importance (Deshimaru and Kurokl, 1979; Guary et al., 1976;
D' Ahramo and Baum, 1981; Helnen, 1984).

The slow progress in nutrition research on agquatie
organisms was partly due to the inherent problems posed by
the aguatic medium. Leaching of vitamine from diets when
introducad into the water is-one of the major constraints.
Anctlher *actor is the contribution from gut microhial flora
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in certain species, which mask the actual requirements. It
has also BWeen ohserved that vitamins and their precursors,
since already present in the raw materials, 'Blanket
‘Applications' 'of vitamin premixes’in multi-ingredient Qiets
may result in some excesses {(New, 1976)}. Conversely, as the
vitamin requirements remain unknown, formulated diets may
still nwe deficient in certain vitamins even after supple=-
mentation,

VITAMIN TEST DIET

Mclaren gt al. (1947) developed a vitamin test diet
for fish containing crystalliine vitamins, casein, dextrin
and_oils—withjcrah meal or dried liver as the"source for the
antiunaemic factor. Thus these pioneer fish nutritionists
paved the way for vitamin requirement studies in aquatic
species., Suhsequently, Halver (1957) developed the vitamin-
free casein purified diet, which is widely used as the
standard diet for determining the qualitative and quantitative
requirements of a numher of species of finfish., The compo~
sition and preparation procedure for Halver's H-440 diet,
which is recommended by the EIFAC of FAQ/IUNS/ICES task
force as the standard diet, is given in Table l.

So far; four fat-seluble and 11 water soluble vitamins
are known to be rquired_by fish and crustéceans.' Many of
' the water-soluble vitamins function either directly or in a
modified form as cdehzymes for one or more of enzymes. None
of the fat-soluble vitamins is known to function as coenzyme.
In contract to higher vertehrates, vitamin deficiency
symptoms, reported in finfish are non-specific (Table 2,
Cho et al., 1985).
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WATER-SOLUBLE VITAMIN REQUIREMENTS

VITAMIN C

Vitamin C, the antiscurvy agent participates actively
in the metabolism of all}species.d:eut fishes and crustaceans
are unahle to biosYhthesiee ascorbic acid (Halver, 1972,
1980; Magarelli and Colvin, 1978; Magarelli et al., 1979).
This inability in these groups of animals is attributed to
the genetic failure of enzyme synthesis or lack of expression
of the same (Levin. 1976). An excellent review hy Knox and
Goswami (1961) highlights its specific role in intermediary
metaholism, Some of the lmportant functions of this vitamin
are: ‘as'protectoriof enzymes and hormones from oxidation and
inhinition; involvement in the functioning of neural stimuli;
transmitter; in RNA synthesis. mild detergent action respo=
nsinle for the diesolution of fat-cholcsterol and cholesterol-
phosphollpld = calcium complexes; as endogenous protectors;
growth regulators, reactants in enzyme systems such as in
the hydroxylation of epinephrine and tryptophan and in the
oxidation of tyrosine in collagen synthesis, In crustaceans,
vitamin C has also heen reported to influence the alkaline
phsophateee ectiqitQ.during the synthegis of chitin and
sclerotization . the epicuticle (Conklin, 1983). One of
the importcont funotions of ascorbic acid is in the collagen
synthicsis (Stone and Meister, 1957), which is an important
aspect in muscle development of all animals including f£ish
and crustaceans (Hayper et al., 1967). Stone and Meister
(1957 dermonstrated the necessity of vitamin C for the
hydroxylation of proline and lysine to form hydroxyproline
an unusual amlis acid that exclusively occur in collagen.

)

L—ascorhic acid is a2 hiological reducing agent in
hydrogen transport. It is involved in the detoxification of
aromatic drugs and also acts in the production of adrenal
steroids. Asceorhic acid is also inveolved 1n erythrocyte
maturation,
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Deficiency symptoms:

Deficiency of ascorhic acid molecules in the diets of
animals results in metaholic disorders leading to diseases.
Deficiency symptoms could he clearly delinecated on deletion
of the vitamin from diet, Deficiency leads to spinal de-
formities;'e.g;. scoliosis and lordosis. in fish. X-rays of
‘spinal deformities in the affected fish showed extreme dis~
location of vertehrae, and atrophy of the spinal cord in
the area of acute deformity. Gill cartilage was found to he
distended_and twisted; filamentous cartilage occurred in
ascormic acld deficient f£ish. In channel catfish a wroken
hack syndrome gppeared in those fed diets coptéiniﬁg sub=
optimal levels of vitamin C. Internal and external hae~
morrhage, fin erosion, dark-skin cqlor and reduced formation
of coliagen afe important symptoms ohserved in channel
catfish. Agrawal et al. (1978) -reported a protective effect
of high dietary levels of ascorblc acid for snake-head fed
an organochlorine insecticide.

Channel catfish had increased susceptibility to
pathogenic hacterial infestation (Aeromonas liquefaciens)
and occasional formetion of hemivertehrae (Lovell, 1973).
Lim and Lovell (1978) reported the following ascorhic acid
deficiency symptoms in smaller channel catfish fingerlings
{initial mean weight = 2.3 ¢g): anaemia after 9 weeks,
scoliosis, lordosis and dark pigmentation after 10 weeks;
lower hematocrit values after 18 weeks.'

Snake-heads fed with ascorhic acid deficient diets
had elevated liver cholesterol content after 150 days, in
addition to the occurrence of scoliosis, lerdosis and
decreased ascorhic acid concentrations in blood and kidney
(Mahajan and Agrawal, 1979). Mahajan and Agrawal (1980)
reported that snake-heads had reduced ahnsorption of calcium
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from-surrounding water by gills and skin, and lower muscle
and bone calcium content when f£ed an ascorbic acid deficient-
diet for 210 days. They attribute this to distortion of
gill filaments from cartilage malformation.

In fish hyperplasia of jaw and snout have been
reported. In Coho salmen, hypertrophy of the adfenal tissue
and haemorrhage at the hases of -fins have been ohserved,
However on replacement of ascorhic acid in the ration growth
hecomas normal. Anaemia eventually develops in extremely
deficient fish and scoliosis and lordoéis do not repair hut
are walled off by'new growth around the afflected areas of
the spine whenlascorﬁic acid is once again added to the
ration (Halver, 1980).

In f£ish examination of fragile support Cart;lage in
the gill filaments under low magnification will detect early
hypovitaminosis before climically acute symptoms hecome
noticeable, However, the best tissue for routine clinical
analysis in fish tissue is anterior kidney of the fish.

Recently in ngrias betrachus ascorbic acid was
reported to he essential. Deficiency resulted in scoliosis,
external haemprfhaging. fin erosion, and dark skin colour at
12 weeks (Butlhep gg al., 1985).

-

In crustaceans, very few studies have been carried
out cn ascorbic acid and the information available is
restrictad, Conklin (1983) reported that under vitamin C
deficiancy alkaline phosphatase activity was inhibited
resulting in poor chitin synthesis and sclerotization of
the epicuticle., In the prawhs; Penacus califoriensis and

P. stylirostris, malformation of collagen tissue culminating

in the melanization of hemocytic lesions leading to death
and designated as “Black Death Disease" occur (Lightner
et al., 1979; Lightner, 1983). Studies conducted at the
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CMFRI have shown that deficiency of ascorbic acid in the
diet of P. indicug results in reduced food intake, poor
conversion of food and protein, high incidence of post-molt
deaths, dystrophy of muscle and hepatopancreas, blackening
of gills etc.

- In early juveniles of prawns (P, -indicus) ascorbic
acid hetween 0.4 and 0.8 g/kg diet has been suggested. While
Guary et al. (1976) reported high survival rates with 2 g
ascorhic acid/100 g diet, in the present study 0.4 ¢
ascorhic acid/kxg gave highest survival. Magarelli et al.
(1979) reported maximum survival in g.'ggliforniensis at
1.2 g/100 g diet and in P. stylirostris 2.2 g/100 g diet.

In P, indicus a concentration of 2 g and more ascorblic acid
depressed growth, Ascorhic acid deficiency led to increased
post-moult deaths. In these prawns, the calcium and
phosphorous contents were relatively low and since ascerhic
acid is essential for the uptake of célcium, it is suspected
that ascorhlc acid deficiency would have affected the calcium
absorption and metawolism of the Prawns.

Diectary requirements:l

According to Halver (1980) an intake of 100 mg of
vitamin C/kg of dry ration was sufficient for rainbow trout
under normal conditions, However, the ascorhic requirements
doubled or tripled by stress when severe ahdominal or intra-
muscular wounds were inflicted. Young fish needed at least
500 mg of active ascorhate for tissue repailr comparable with
cor.trol fish receiving 1 g or more of ascorhate in the diet/
kg of dry dlet. Coho salmon, however required awout half of
these requirement for maximum severe wound repair. The
regquirement for ascorhic acid Is related to stress, growth
rate and size of the animal as well as to the other nutri-
ents present in the diet, Halver (1980) suggests a compromise



value of 200 mg of ascorhic acid/kg diet for trout and
salmon raised in freslwater systems hetween 10-15°C.

Large common carp can synthesige some ascorhate and
the requirement for this species may be dependent on fish
size and the environment in which they are reared. For
carp and channel catfish 30«50 mg/kg diet.

Studies conducted at CMFRI has shown the essentiality
of ascorhic acid for the fry of milkfish, Chanos chanos and
the mullet Liza parsia fry for survival, proper growth and
food intake.

The recommended levels of ascorbvic acid for finfish
and crustaceans are shown in Table. The requirement is in
the range of 100-150 mg/kg diet for salmonids and 30~50 mg/kg
diet for carp and channel catfish.

Sources _and stability:

'

Ascorbic aeid is widely distrivuted in nature with
citrus fruits cahhage, liver, and kidney tissues are good
sources for the-vitamin. Fresh lnsects and f£ish tissues
contain reasonable amounts ef the vitamin, Synthetic ascorbic
acid is also readily available. Ascorbic acid is added to
feed as a dry-dilution, Ethycellulose or fat-coated products
lmprove ascorhic acid stahility in feeds. Ethylceklulose
coated ascorhic acid show higher retention in crumbles (84%)
than crystalline ascorbhic acid (48%).- Room temperature for
3 months resulted in 40% loss in crumbles for -the ethyl-
cellulose~coated product (Frye, 1978), Ascorhate - 2 «
sulfate is considered as a good source of ascorhic a@id.

Fish food should he protected from oxidising agents and kept
sealed or frozen - -to prevent loss of the vitamins.,
Dipotassium ascorhic - 2 - sulfate (DAS) and dipotassium
I~ascormate - 2 = zulphate hydrate (AS) were found to prevent
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deficiency symptoms. Rainwkow trout require 160 mg DAS/Kg
dry diet to achieve normal growth (Halver gt al., 1975) and
8C mg to avoid deficiency symptoms. Channel catfish
fingerlings require ahout 25 mg as to avoid deficiency
symptoms,

CHOLINE

- It serves as a source of methyl groups; involved in a
numher of trans-methylations; as-phosphatidyl choline it has
an important structural role in biomembranes; in methylated
state as acetylcholine, functions as an important neuro-
transmitter; also functions as a lipotropic and anti-
haemorrhagic factor.

Deficiency synptomss:

Poor growth, and food conversion and impaired fat
metaholism, Halver (1957) reported increased gastric
emptying time in salmons fed on choline deficient diets. 1In
rainbow trout anaemia and kidney degeneration reported. In
channel catfish haemorrhagic kidneys and intestine and
enlarged livers have been reported, Japanese eels hecame
anorexic after 4 weeks on a deficient diet (Arai gt al., 1972).

In prawns, choline deficiency led to poor growth in
P. japonicus (Kanazawa et al., 1976). In P. indicus poor
growth and survival, poor food intake, aversion towards feed,
hypogensitivity to shock, passive activity, dystrephy of
muscle and hepatopancreas, postmolt deaths were observed.
Lecithin (phospholipid) has a partial choline sparing action
in P. indicus. If adequate levels of lecithin is included
in the diets, choline can offset the requirements of choline
(Gopal, 1986).
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‘Sources and stabilitys: -

' JOHWET ciid o wilersh nincloo wly
Rich sources of choline are what germ, heans, hrain
and heart tissue. Choline hydrochloride,Jtheﬁcommerciaity
available form. may inactivate ,_-tocopherol and vitamin K
‘ﬁiwhen in direct contact with ‘these vitaming. Choline is
“'added to feede as a 70 per cent choline chloride solution
‘for as 25 to 60 per cent dry powder (Adams, 1978) Choline
'””chloride is stable in multivitamin premixes but can decrease
-the stahility ef other vitemins in the premix (Frye. 1978).
Choline ie stable during processing and etorage in preseure-
pelleted extruded éiets;ﬂfLoas during “water immersion of
pellets is less than 10 per cent after 60 minutes {Goldhlatt
et al., 1979). Gholine is hygroscopie, very soluble in
water, and is stable to heat in acid but decomposes in
alkaline solutions. TS B SR & IO S R

INOSITOL

Inoeitol is a water-soluble growth factor Eor which
no comenzyme function is known.' The only known function of
" 'inositol is as component of the inoeitol phosphoglyceridee
that are found in many cells.- It haa lipotropic action by
preventing accumulation of oholesterol in one type of fatty
liver disease and is involved with choline in maintaining
normal lipid metaholiem. ‘It is a growth promoting substance
for micro-organisms,

Deficiency syn@toms:

Poor growth, increased gaetric emptying time, oedema,
dark colour and distended stomach are symptoms ohserved in
salmon, trout, carp and catfish held for long period. The
ma jor deficienoyleign is inefficiency in digestion and food
utilization and concomitant poor growth leading to a popu-
lation of fish with”dietended ahdomens., Inositol is not
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normally required by channel catfish.- In Japanese eels and
in red sea bream reduced growth was observed. In prawns,
'P. jeponicus "(Kanazawa EE,EL..'}976) and P, indicus (Gopal,
1986)'a19o reduced growth was 6bserved.

Dietary rquiremgnts:

Inositol is added to feeds as a dry dilution (Adans,
'1978) . Rainbow trout 200=-300 mg/kKg, Chinook and Coho salmon
300-400 mg/kgs carp 200-300; sea break 300-500. |

" THIAMINE

Thiamine functions in all cells as the coenzyme CoO-~
carhoxylase, thiamine pyrophosphate, which participates in
the oxidative decarhoxylation of pyruvic acid to acetate for
entry into tricarboxylic acid (TCA) cycle. Thiamine pyro-
phosphate is also a co-enzyme of erythrocyte transketolase
system by which direct oxidation of glucose occurs in the
cytoplasm of cells (via}) the pentose~phosphate~pathway.
Erythrocyte levels of metarwwlites of this system have bheen
used to indicate thiamine status in experimental animals,
including fish. Thiamine is essential for good appetite,
normal digestion, growth and .fertility, normal functioning
of the nervous tissue and the reguirement is determined by
the caloric density of the diet.,

Deficiency symptoms:

Deficiency signs in salmonids include impaired carho-
hydrate metaholism, nervous disorders,\pOOr appetite, poor
growth and increased-sensitivity to shock, A trunk=winding
‘symptom in eels has heen reported, together with-haeémorrhage
at the nase of the fins., Skin congestion and subcutaneous
"haemorrhage occur in carp and eels fed thiamine deficient
diets. Deficiéncy kigns are evident in 6 to 8 wecks in
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_ .and ahout 8 weeks
channel catfish; 8 o 10 weeks in Japanese eecls/in common
carp fed a high carhohydrate diet. In prawns P. japonicus
poor growth was reported after 10 weeks (Deshimaru and
Kuroki, 1979). 1In P. indicus poor growth, survival, poor
food intake and hypersensitivity were observed (Gopal, 1986).

bietary requirements:

-William and Spiles (1938) hased on the information
available till that time reported that all species of animals
require thiamine in their diets. Recent studies have shown
that thiamine requirement of aquatic species is much higher
than that of domesticated land animals {(Hasting and Cowey,
1977), mainly due to leaching of the vitamin, from diets
(New 1976; Infanger et al., 1980) into the-surrounding water,
Composition of_dieﬁary ingredients should he considered while
determining thiamine requirements. In common carp the
dietary requirement for thiamin has heen correlated with the
carhohydrate level of the diet (Ace gt al., 1969).

Cmnivorous fishes might he expected to have a higher dietary
requirement for thiamine than carnivorous f£ishes, but this
has not heen found to be true (NRC, 1981).

Studles with crustaceans have shown that thiamine is
essential in the diet of Kuruma prawn, P. japonicus
(Deshimaru and Xuroki, ;979), the cladoceran, Mpoina macrocopa
(Conklin and Provasoli, 1977), the lobster Homarus americanus
(Conklin, 1980) the giant tiger prawn, Macrohrachium
rosenbergii (Heinen, 1984) and the penaeid prawn Penaeus
indicus (Gopal, 1986),

Infanger gg'gi. {1980} observed that thiamine loss is
rmaximum (68-100% in 2 hrs time) amongst all the vitamins from
the dlet, thus aecessitating higher concentrations of
vitamins in the diet of prawns.
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- Fat content of diet may affect not only calorie intake
but also the thiamihe requirement hecause cbcarboxylase
participates in the oxidation of that through ~ketoglutarate.
Therefore, fish on a high fat diet and low thiamine intake
might take longer to develop deficiencies and will give an
erroneous requirement (Halver, 1980). |

Sources and stahility:

Common sources of thiamine are dried-peas, heans,
cereal hran. Thiamine is casily lost by holding diet
ingredients too long in storage or by prepa:ing the diet
under slightly alkaline conditions or in-the presence of
sulphide. Wet or frozen diect pose a problem hecause moisture
content increases thé‘chance of enzymatic hydrolysis‘s and
suhsequent destruction of thiamine., Wet or moist diet
preparations containing any fresh fish or shellfish tissue
maust he used immediately. '

Thiamine is added to feeds as thiamine mononitrate
or thiamine hydrochloride. Thiamine mononitrate is stable
in vitamin premixes that do not contain trace minerals and
choline chloride. Thiamine mononitrate premixes containing
any ©f those subhstances and stored at room temperature can
lose as much as 80 to 90 percent of their thiamine activity
in 3 months (Frye, 1978)., Thiamine losses in the pelleting
or extrusion process range from O to 10% and during storage
of feeds 11 to 12 percent (Slinger et al., 1979).

Thiaminases occurring in fresh water fish tissues and
tissues of certain-shrimps and mussels render thiamine bio-
logically unavailable. Thiaminase is inactivated by heating
or pasteurization.
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 RIBOFLAVIN

Riboflavin was the second water soluble vitamin to be
discovereds It is-synthesized by all plants and many micro-
organisms hut not by animals,- Lactoflavin. hepatoflavin and
oveflavin were also shown to be identifical with the pure
rivoflavin. Rinoflavin is found in the tissue coenzymes
f£lavin mononucleotide (FMNV) and flavin adenine dinucleotide
(FAD). These coenzymes function as prosthetic groups of
oxidationwreduction enzymes that are needed for the degrad-
ation of pyruvate, fatty acids, and amino acids. Thus they
function as coenzymes for many oxidases and reductases such
as cytochrome ¢ oxidase, D and L amino acid oﬁidasaa,
Xanthine and aldehyde oxidase, SDH, glucose oxidase and
fumaric dehydrogenase. Involved with pyridoxine in the
conversion of tryptophan to nicotinic acid; and in the retinal
pigment during light adaptation,

Deficieﬁcy‘symptoﬁg:

In salmonids poor appetite and poer diet efficiency
are the first signs followed by photophobia mono- or hilateral
cataracts; corneal vascularization, eye haemorrhage, -
incoordinationy and general anaemia (Halver, 1980). Channel
catfish fed riboflavin deficient diets for 8 weeks developed
deficiency signs including anorexia, poor growth, shortehody
dwarfism (Murai and Andrews, 1978) and cataracts (Dupree,
1966) .

Ia cowmbn'carp hoe et al. (1967) reported nervousness,
photophobia and hacmorrhages, Ralfbow trout fed riboflavine
deficient diets developad bilateral corneal and lenticular
lesions (Poston gt al., 1977). Fin necrosis. snout erosion
and spinal deformation (Poston gt al.. 1977). In P. indicus
poor food intake, poor survival, incoordinated mpvements and
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sensitive to shock have been'observed.

Dietary reqpirements.

Ribcflavin requiremente of carp fingerlings seems to
decline with increasing fish size. Common carp fingerlings
with an initial mean wcigh; 1.5¢g required 20 mg rivoflavin.
But elightly larger cnes~required 10 mg, and those weighing
3.4 g required 5.7 mg riboflavin.

Rainbow trout of mean weight 7°g require 12,2 mg.
Whereas 1arger'rainbcw'trout require 3 mg riboflavin. Channel
catfish fingerlings require 9 mg for maximum growth ‘and 3 mg
to prevent occurrence of short-body dwarfisn1(kurai and
Andrews, 1978 b). S

o

Scurces and stability:

Milk, Xiver, kidney, heart, yeast, germinated grains,
peanuts, soyabeans and eggs are good scurces. Riboflavin is
added to feed as a spray dried powder or dry-dilution product.
Tt is stable in multivitamin preémixes. However, processing
loss is ahout 26 percent. Storage losses in pelleted feeds
are slight. About 40% of the riboflavin may he lost when
pellets are introduced in wated (Goldwlatt gt al., 1979).

PYRIDOXINE -

Pyridoxine (B6) is an essential vitamin, required hy
all animal species so far studied. This vitamin is widely
distrib@ted in'almcst all'the natural prcducts principally
as complexes of proteins, such as pyridcxal ppcephate (PLP)
which -is an active coenzyme participating in amino acid
decarhcxylation. transmination. racemization. desulphydraticn
of methionine and cysteine, deamination of hydroxy amino
acids and in a variety of miscellancous trans formations.
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PLP also functions as a.coenzyme for 22 or more transaminases,
occurring in the body and in the decarvoxylatioh of 5 hydro-
xytryptophan to produce seratonin., It iszs-also involved in
the synthesis of porphyrin, ~amino levulinic acid and:
messenger RNA, which determines amino acids sequence in'
polypetide synthesis. It is also essential. for the meta-
bolism of essential fatty acids and protein. '

Deficiency symptoms::

Deficiency has been shown to affect the ‘amino acids
and protein metabolism in higher animals. A numher of
genetic diseases involving pyridoxine dependent enzyme
systems have been reported. In fish epileptic type fits,
general nervous dis-orders, hyperirriﬁabiiity;'elterationm
in the control of melanopheres ‘and’ edema’ in the peritoreal
cavity, rapid and gasping breathlng with flex;ng of the
- operckss, and rapid ogeurrence of post-mortem rigor mortis,
have heen reported.

Channel catfish fed a pyridoxine;defigiegit_digt for
6 to 8 weeks exhibited signs of deficiency, including
anorexia, tetany, nervous disorders and greenish hlue
colouration (Andrews and Murai 1979).

In rainvow trout normecytic normochromic: anemia was
reported indicating that pyridoxine has a’ function in the
.haintenance'of-normal erythropoiesis. Also lower aspartate
amino-transferase activity in white muscle and reduced
-agpartate and alanine. amino-transferase activity.were reported.

Dietg:y requirementss

* In fishes, the requirement of pyridoxine ranges from
2 myg to 20 mg/kg (Table). Though in crustaceans Zew works
have heen done, yet most nutritionists supplement their
@ietg with pyridoxine ranging from 60-100 mg/kg:dry diet.
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The intimate association of pyridoxine with various phases
of amino acids metanolism implies that the pyridoxine
requirement of an animal should he greater on a high protein
than on a low protein diet.- In carnivorous fish, the
pyridoxine requirement has bheen shown to depend upon
dietary protein level (Hardy et al., 1979).

-among crustaceans, its essentiality and requirements
have been reported for Artemia {(Provasoli and Shiraishi,
1959), Moina (Conklin and Provasoli, 1977) M., rosenbergii
{Heinen, 1984) and P, indicus (Gopal, 1986).

Sources and stabllity:

Good sources are yeast, whble cereals, egg yolk,
liver and glandular tissues. Pyridoxine is added to animal
feeds as pyfidoxine_hydrochloride in 2 dry dilution. It is
stahle in'Gitamin premixes, The loss of pyridoxine from
feeds after 10 months of'storage was 7=10 percent (Slinger
et al., 1979). '

PANTOTHENIC ACID

Pantothenic acid plays a stellar role in general meta-
holic pathways. It is a dipeptide derivative and its name
(Panto-Greek Evcrywhere) implies its almest ubiguitous
‘distrivution. Pantothenic acid acts metanolically as a part
of coenzyme (Co A) to transfer acyl groups in enzymatic
reactions., It has significant role in fatty acid oxidation
and synthesis, synthesis of cholesterol and phospholipid,
in phosphate energy transfer and in the acetylation of
organlc compounds, acylation of acetate, stuceinate, benzoate,
propionate and: butyrate. Acetyl - Co A is also required in
reactions  in which the carhon skeletons of amino acids enter
into cnergy yielding metaholic pathways. Since pantothenic
acid is a part of acetyl Co A, it has heen shown to he
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required by all animal species studied so far, including
the microorganisms (West et 2l., 1965).

Deficiency symptomss:

Symptoms associated with pantothenic acid deficiency
~ are mostly non~specific and vary from species to species.
Deficiency studies in higher vertebrates have shown ree-
tardation of growth, impairment of reproduction imhalance
of salt-water metabtolism and reduction of Co A content in
tissues leading to poor utilization of pyruvate (Chow, 1964).

Aquatic species, especially fishes like salmon and
trout, reared at 10~19°C water tempefature, fed with'panto-
thenic acid deficient diets were found to exhause the
vitamin stores rapidly in 8=-12 weeks., The £ish stop feeding
and the gill filaments show proliferatien of epithelial
surface in addition to swelling and clubbing together of
the filaments and lamellae (Phillips et al., 1948), The
opercles hecome distended and the surface of the gills is
often coveréd with an exudate, Fish wecome prostrate ox
sluggish. Necrosis, scarring and cellular atrophy of the
tender gill elements occur and anaemia develops after
prolonged deficiency. The same type of symptom has been
omwserved in salmon, trout, eel, carp and catfish. In
ehannel catfish erosion of skin, lower jaws, f£ins and
harhels reported.

In Macrobrachium rogenhergii (Heinen, 1984) and
Penaeus indicus (Gopal, 19%86) unusual partial moulting of

"

prawns has heen reported,

Dietary requilrements:

- The dietary pantothenic acid requirements are shown in
Table. Murail and Andrews (1975) suggested that the
relatively high dietary pantothenic acid requirements of
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channel cat £ish fry might be partially due to higher rates
of micronutrient losses in small feed crumbles fed to fry
compared with larger feed particles fed to fingerlings.

Heinen (1984) reported felatively higher growth in
.prawns (M. rosenbergii) fed with pantothenic acid deficient
diet, than theilr control counter parts having 0.06% panto-
thenic acid and he presumed that the poor growth is due to
the detrimental effect of excess vitamin dosage. In
Penaeus indicug a dietary level of 50 to 75 mg/100 g diet
seems to be required for proper growth, survival and
utilization of the food and protein.

SOurdes and stahility:

Good sources are cereal hran, yeast, liver, kidney,
héart, 5p1een'and lung., Fish flesh is a;relatively rich
squrce_pantothenic acid is added to feed as either calcium—
d=pantothenate (92 percent activity) or calcium dl-
pantothenate (46%'aCtivity). Pure pantothenic acid is
unstable hydroscopic and viscous. Caleium pantothenate

‘is relatively stable in moist and dry dilets. Processing
losses during pelleting or extrusion can he as high as 10%.

NIACIN

The vitamin exists in its amide form nicotinamide,
under its physiological active state, serving as co-enzyme
for a variety of metaholic enzymés.' The major function of
‘niacin in NAD and NADP is hydrogen transport in intermediary
metaholism. These co=enzymes serve-as hydrogen acceptors
from metanolic reactions activated by certain anaerohic
dehydrogenases passing H=molecule to flavoproteins in
glycolysis, Kreh's cycle and other metaholic cycles. Both
NaD and NABP are involved in the synthesis of high energy
phosphate bonds which furnish energy for certain steps in
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glycolysis, in pyruvate metaholism.uénd in amino acid and
protein metabolism,

—

In many animals the amino acid tryptophan can be -
converted to nicotinic acid, so deficiency signs can only be
induced wy restricting dietary tryptophan, - |

Deficiency symptoms:

Stores of niacin are more slowly exhausted under
experimental conditions than are some of the other vitamins
resulting in less defined and more slowly developing
symptoms, Deficlency of niacin reduces the concentration of
coenzymes im liver and muscle (Goldsmith, 1964). It has
also heen ohserved that niacin in the diet, increases the
secretion of both free and total acids in the gastric juice
(Goldsmith, 1964). Niscin deficiency symptoms are developed
much slower iIn invertebrates and fishes than in higher
vertebrates; the reason being that niacin is replenished
through microbial population present in the intestinal region
in many species, which produce the vitamin quantum just
sufficient to meet the animal requirements (Halver, 1972).
Niacin demands are also met through the conversion of the
amino acid tryptophan present in the diet.

Loss of appetite, skin and fin lesions, deformed
jaws, anaemia, exophthalmia, high mortality rates, poor feed
conversion, appearance of lesions in colon, motion, oedema
of the stomach and-golon reported. In common-carp skin
haemorrhages have heen reported. In M. rosenbergiil food
efficiency was not markedly affected by niacin deficiency.
In P. indicus poor survival and growth, poor food intake,
black lesions in the body and gills were reported.
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Dietary reqguirementst

The-recommended levels of vitamin the diets are
given in Table. Niacin requirement varies with the protein
content in the diet. Besides, the type of carhohydrate,
amount of dietary micro-nutrients like steroids, trace
elements ‘like chromium, zinc and molybdenum and a number of
B vitamins significantly influence niacin requirements
(Halver, 1980).

—a

Sources_and stability:

Niacin is found in most animal and plant tissues.
Rich sources are yeast, liver, kidney, heart, legumes etc.
In feeds it is added as either nicotinic acid or niacinamide
as a dry dilution. Processing losses of niacin in extruded
diets is about 20 percent, In aquatic systems, dietary
losses are widely encountered due to leaching of the vitamin
from diets. About 50% of the vitamin 1s lost from purified
diets in 24 hrs due to leaching (Infanger et al., 1980).
To compensate losses during diet preparation and due to
leaching higher dosages are incorporated,

BIOTIN

-

Biotin is a monocarhexylic acid slightly soluble in
water and alcoheol and insoluble in organic solvents. It is
required as an intermediate -carrier of Co, in several speci~-
fic carmoxylation and decarbvoxylation reactions, including
the carnhoxylation of pyruvic acid to form oxaloacetic acid.
Acetyl Ce A carhoxylase, pyruvate carboxylase and propionyl
Co A carhoxylase are enzymes requiring biotin. Biotin le also
recquired for the metanolic patlways associated with the bio-
synthesis of long-chain fatty acids, purine, and the meta-
rolism of odd~carhon fatty acids., It is also involved in
the conversion of unsaturated fatty acids to the stahle c¢is
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form in the synthesis of bilologically active fatty acids.

Deficiency symptoms:

In salmonids skin disorders, muscle atrophy, lesions
in the colon, loss of appetite, spastic convulsions and
fragmentation of erythroeytes have beeﬁ'reported {(Halver,
1980). In breock-trout "blue slime patch disease" is caused
specifically by blotin deficiency. Fish reared in 10° to
15°C water exhaust biotin stores in 8-12 weeks and the first
signs are anorexia,'pdor food conversion-depressed livér
acetyl Co A carhoxylase and pyruvate carhoxylase (Poston -
and Page, -1982). In channel catfish depigmentation has been
noted (Robinson and Lovell, 1978). In brook twout abnormal
synthesis of liver fatty acids and high liver glycogen content
reported (Poston and McCartney, 1974). In Japanese eels
reduced grewth, abnormal swimming behaviour, and dark colora-
tion have heen reported after 8 weeks (Arai et al., 1972).

Dietary requirements:.

-

piotim is synthesized in channel catfish hy intestinal
microflora, but it has a role in blood glucose regulation
and improves cell membrane function.

Deficiency symptoms:

S ———

Macrocytic normochromic anaemia; poor growth, anorexia,
general anaemia, lethargy, fragile fins, dark skin pigmenta-
tion and infaretion of spleen (Halver, 1980). In Coho salmon
reduction in number of erythrocytes also reported (Smith and
Halver, 196%). Dupree (1966) falled to demonstrate any
major deficiency symptoms in channel catfish. \

Common carp did not showed any major deficiency
symptoms (Ace et al., 1967). Folic acid is synthesized hy
the intestinal hacteria of common carp. John and Mahajan
(1979), however, found a reduction in growth rate and
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erythrocyte number in the Indian major carp, rohu, after 15
weeks on a folic acid deficient diet.

-

Dietary recuirements:

‘Salmorids have heen shown to require ahbout 6=10 mg/kg
dry feed (Table )+ Lake trout fingerlings required a
minimum ef 0.1 mg biotin/kg dry diet for optimal growth rate.
Dietary hiotin concentrations of 8 mg/kg dry diet enhanced
liver pyruvate decarhoxylase activity in channel catfish
fingerlings (Rohinson and Lovell, 1978), whereas & mg biotin/
kg dry diet increased acetyl Co A carhoxylase in breock trout
fingerlings. Common carp fingerlings-require 1 mg hiotin/kg
dry diet for maximal weight gain and wiotin content in liver
(0gino et al., 1970). |

Sources and stahility:

Yeast, green vegetables, liver, kidney, glandular
tissues, fish tissues and viscera, Insects contain Xantho-
pterin which has folic acid activity. Polic acid is added
to feeds as a dry dilution, Storage losses are as high as-
43% in three months. Supplemental biotin in the diet may bhe
required for maximum growth (Robinson and Lovell, 1978).

The diets should he protectéd from strong oxidizing agents

or conditions which promote oxidation of ingredients. In ~
feeds it is added as d-biotin in a dry diluticn. It is stable

" in multivitamin premixes, Processing losses account for

ahout 15 percent.

FOLIC ACID

Polic acid is regquired for normait blood cell formation.
It is involved as a coenzyme in one=carbon transfer mechanisms,
particularly in the interconversion of serine and glycine,
methionine - homocysteine synthesis, histidine synthesis
and pyrimidine synthesis, The erythrocytes are the most
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sensitive to folic acid geficieney. It is also involved in
the conversion of megaloblastic hone marrow to normoblastic
type. It has a role in blood glucose regulation and improves
cell membrane function. |

‘Deficiency symptoms:

Macrocytic normochromic anaemia, poor growth, anorexia,
genefal anaemia, lethargy, fragile fins, dark skin pigmenta=-
tion and infaretion of spleen (Halver, 1980). In Coho
salmonIreduction in numher of erythrocytes also reported
{Smith and Halver, 1969). Dupree (19686) falled to demonstrate
any major deficlency symptoms in channel catfish.

Common carp did not show any major deficiency symptoms
(Aoe et al., 1967). Kashiwada et al. (1971) -showed that
folic acid is synthesized by the intestinal bacteria of
common carp. John and Mahajan (1979),_howeverr fond
a reduction in growth rate and erythrocyte numbers in the
Indian major carp, rohu, after 15 weeks on a folic acid -
deficlent diet. .. |

Dictary requirements:

salmonids have heen shown to reguire ahout 6-10 mg/kg
dry feed. In channel catfish and common carp no requirement
has heen demonstrated.

it

Sources and stability:

Yeast, green vegetables, liver, kidney, glandular
tissues, fish tissues and viscera. Insects contain xantho-
pterin which has folic acid activity. Folic acid is added
to feed as a dry dilution. Storage losses are as high as
43% in three months,
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CYANOCOBALAMIN

Cyanocobalamin is a large molecule containing cobalt,
Neither plants nor animals c<an synthesize'this vitamin; but
hoth depend upon certain microorganisms for the trace amounts
required. Cyanocohalamin is required for normal ma turation
and-development of erythrécytes, for the metaholism of odd
carhon fatty acids and for the methylation of homocysteine
to form methionine, A coenzyme incorporating the vitamin is
involved in the reversihle isomerization of methylmalonyl
coenzyme A to succinyl coenzyme A and in the isomerization
of nethyléspértafe to glutamate, It is also essential for
pormal cholesterol metaholism and in purine and pyrimidine
hiosyntheslis.

Deficiency symptoms:

—

In salmon pernicieus anaemia characterised hy frag-
mented erythrocytes has bheen reported. Poor appetite, poor
growtih and food cgonversion precedes anaemia-in salmon
(dalver, 1980)}. In channel catfish growth retardation occurred
after 36 weeks (Dupree, 1966). Limsuwan and lovell (1981)
demonstrated that-intestinal microorganisms synthesized ahout
1.4 ng of cyanocohalamin/g hody weight per day in channel’
catfish., John and Mahajan (1979) reported occurrence of
megalohlastic anaemia in the Indian major carp rohu fed diet
deficient in feolic acid cyanocobalamin'or hoth the vitamins.

-

Salmonids require awout 0.0G15 to 0.02 mg/kg dry diet.

sources and stability:

Fish meal, fish viscera, liver kidney, glandular
tissues and slaughter house wastes. It is affected by storage
temperature and in mild acid solutions easily destroyed by
heating.
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FAT SOLUBLE VITAMINS

VITAMIN A

vitam4n'A occurs in two forms, vitamin Al (retinal)
found in marine fishes, and vitamin A2 (retinol 2) found in
fresh water fishes.(Lehninger, 1975). Interconversion of
the two forms in living fish tissue has heen dsmonstrated.

Vitamin ‘A is essential for maintaining epithelial
cells, preventing atrophy and keratinization of epithelial
tissues., It promotes growth of new cells and aids in main-
taining resistancefto infection, -It is also involved in
caleium transport across some memhranas, in reproduction and
emhryonic develoPert,'and in_céllular.and sub=cellular
memhrane_integri;yéh;

| -Coldwater fish can utilize ~-carotene at 12.4°C to
14°C, hut not at 9°C (Poston gt al., 1977). Dupree (1970)
reported that channel catfish could utilize -carbtene as
a vitamin A sourceé if it was provided in the diet at over
2000 IU/kg of feed.

Deficiency and hypervitaminosis symptohs-'

_ Hypovitaminosib A 13 characterized by poor grcwth, N
poox” vision, keratinization of epithelial tissue. xeroph— -
thalmia. night blindness, haemorrhage in the anterior chamber
ef the eye, haemorrhage of the hase of the fins and ahno:nal
wone formation.

-~ Conversion éfficlency of ~carotene to vitamin A
has been examined for channel catfish and hrook trout.
Duptee (1966) found inefficient conversion of  -carotene
to vitamin A in channel catfish, Poston gt al. (1977)
demonstrated indirectly that hrook trout can_convert
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dietary =carotene into vitamin A with conversion efficlency
heing greater at 12.4°C than at 9°C.

‘In rainhow trout, thickening ©f the corneal epithelium
and degencration of the retina have heen reported. Channel
catfish fed 0.4 -ppm -darotene developed signs of deficiéﬁcy
that- included exophthalmia, edema and kidney haemorrhage
(Dupree. 1966). Common carp showed anorexia, faded hody
colour. fin and skin haemorrhages, abnormal gill opercula
etc. (Aoe et al., 1968).

‘Hypervitaminosis A results in enlargement of 11vef
and ‘spleen, abnormal growth, skin lesions, epithelial
keratinization, hyperplasia of head cartilage and fusion of
vertehrae., Very high liver oil vitamin A content and
elevated serum alkaline phospha;gse algo reported.

Dietary requirement:

' Rainbow trout require 2000-2500 I.U. Carp 100=2000
I.U.

-

Sources and stability:

Codliver oil is the hest source, though many other
f£ish oils contain relatively high levels of the vitamin._
Whale 1iVer oll contains kitol. which has no biological
'activity until heated to 200° °c, when one molecule of kitol
yields one molecule of vitamin A.

Vitamin A is added to animal feeds as acctate,
palmitate or propionate esters to enhance vitamin A stability
(Adams. 1978) ., Approximately 20% of vitamin is lost during
extrusion of foods. At room tempcrature, storage loses is
ahout 53%. Somo fish species seem ahle to utilize. =~garotene
as a vitamin A source; whercas othcrs are unable to split
the ~carotenc moleccule and vitamin A must he added to the
diet,
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VITAMIN D

- Vitamin D2 or e:goca1c1ferol_and vitamin D3 chole-
caleiferol have vitamin D activity. Vitamin D3 which is
also called 7=-dehydrocholestercl has the chemical formula
C27 H44 O. It is formed in-most animal tissues by the -
rupture of one of the ring honds of 7-dehydrocholesterocl hy
ultravioletlradiaiion.

Vitamin D is essential for' maintaining caleium and
idorganic phbsphaté homeostasis. It is also involved in
alkaline phosphatase activity. Althougk fish can sequester
calcium from water threugh the gill membrane, a need for
 dietary vitamin D has been demonstrated for f£ish (Barnett

et al., 1979). '

Symptoms of deficiency or excesss:.

Qualitative requirements for choecalciferol have heen
determined for channel catfish and rainvow trout. Lovell
and Li (1978) demonstrated the essentiality of dietary
- cholecaleiferol gor. channel catfish fingerlinga for greater
weight gain and bone mineralization. vitamin D deficiency
én diet induced reduced weight gain. lower body ash, lower
body phosphorus and lower mody calcium compared with controls.
Barnett gt al. (1979) establiahed the essentiality of
cholecalciferol for rainbaw trout f£ingerlings using two
dietary conéentraﬁiohs. Symptoms of cholecalciferol defi-
cliency included decreaaed weight gain and feed efficiency,
marked increase in plasma triiodothyronine (T3) levels,
lethargy, anorexia, increased 1ip1d content of white muscle
and liver and clinical signs ef tetany. In rainhow trout
tetany of the white ‘muscle fibers has been observed (George
et al., 1979).
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Hypervitaminosis in biook trout showed impaired growth,
lethargy and dark oolouration. High intake-of vitamin D
mobhilizes phosphorous and ealcium from the vone and tissue
and may result in fraglle bones.: '

Dietary'requirements

Relative efficacy of dietary ergocalciferol compared
with dietary cholecalciferocl was cexamined in channel catfish
fingerlings (Andrews et al., . 1980) and rainbow trout finger-
lings  (Barnett: et al., 19?9), Based upon weight ‘gain channel
catfish fingerlings (2.3 g) were reported to require dietary
cholecalciferol at greater ooncentrations than 1000 I.U. /Kg
dry diet; hut less than 4000 TI.U. /Kg dry diet. But _
slightly larger channel catfish require dietary cholecalci-
ferol at greater concentrations than 1000 IU/KG dry diet but
less than 2000 IU/KG dry diet, In channel catfish hyper-
vitaminosis occurred at 50,000 IU/Kg of ergo or cholecalci—
ferol as evidenced by reduced weight gain and feed efficiency.

- Leatﬁerlahd:gg g;,“(lSBO)'reported an inverse relation-
ship hetween T3, A growthzetimﬁfatiﬁg'hormone'and dietary
vitamin-D conoentration (cholecalciferol or ergooalelrerol)
in rainhow trout fingerlings.' Barnett et al. (1979b)
reported that rain»ow trout fingerlings require wHetwaen 1600
and 2400 IU of cholecalciferol/kg dry dict and that
cholecalciferol is thrte times more effective than ergo-
calciferol in promoting weight gain.' B

—

Sources and stanhility: -

Fish liver oil is a rich source of vitamin D. Shark
liver oil contains ahout 25 I.U./g of vitamin D; Codliver
oll 100-500 I.U./g and albacore’ tuna liver oil 200000 I.U./g.
One international unit (I.U.) is egual to 0.025 mg of
crystalline vitamin D. In feeds it is added as a spray dried
powder., Processing and storage losses are not clearly defined.
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reported (Murai and Andréws;'19?s). Addition of 25 mg/kg
| tocopherol plus 125 mg/kg ethoxyquin or 100 ng/kg
-tocopherol prevented symptoms associated with oxidized
menhaden oil. In common carp feeds with oxidized silkuwork
caused a disease “Sekoke diseaee" which is characterized by
a marked loss of flesh'on the back of the fish This was
'prevented by supplementing diet with SOO mg/kg dl- " ~toco-
pherol acetate (Hashimpto_et al., 1966).

AdlLlt female common carp (100 g) displayed reduced
_weight gain, lower gonadosomatic index, apparent muscular
}dystrophy. higher muscle water content. 1ower muscle protein
oontent and lower concentrations of yolk granules LWatanahe
and Takashima. 1977)

R I

Dietary requirements:

. Channel catfish fingerlings - 25 to 100 mg/kg
Dl-  -togopherol. .Commen carp aduits_?QO ny o —tocopheroL/
kg dry diet. Common carp fingeriings (6.4 g) regquire abhout
300 mg/kg-dry diet. Larger rainbow trout fingerlings (1C g)
require ahout 20 to 30 mg where as small Eingerlings (0.9g)
require 50 mg/kg.,

Quantitative requirements depend upon interaction of
several factors (1) Dietary concentration of polyunsaturated
fatty acids (2) dietary selenium concentration (3) dietary
| concentrations of proxidants and antioxidants (4) diet
storage temperature and (5} length of diet storage.

Sources and stabilitx:

Vegetabhle oils are rich sources. Synthetid
~tocopherol in esterified acetate oxr phosphate form is
commonly -used as a diet supplement. Considérable losses of
vitamin E occur during prodessing and-storage particularly
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VITAMIN E

o Vitamin E is composed of a class of compounds known
“as tocopherols. One of the most important tocopherols is
. -tocophorol.' Tocopherois are stahle to heat and acids,
 hut are rapid;y oxidized in the présence of nascent oxygen,
peroxides or other oxidizing agents and oltraviolet light,

The tocopherols act-as extracellular and intra-
cellular antloxidants to maintain homeostasis of lahile
metaholites in the cell and tissue plasma. Asg physiolegical
antioxidants, those protect oxidizable_vitgmins and labile
unsdturated fatty acids. Tocopherols along'witﬁ Selehium
anc. vitamin o provide normal reproductive activity and in
the prevention of muscular dystrophy in yellowtail and Qarp.
They also act as free radical traps to stop the chain
reaetion during peroxide formation and stabilize unsaturated
carhon honds of polyunsaturated fatty acids. This vitamin
has ween shown to he important An reproductive physiology of
'fishes. ' '

Degicienqy and excess symptoms:

In chinook salmon, poor growth, exophthalmia, ascitos,
anaemia, clubhed gills, epicarditis and ceroid deposition in
the spleen reported (Woodall et al., 1964). In hrook front
fingeriings'reduoed growth rates, increased mortality and
lower microhematocrlt values have heen reported (Poston,
1965), In Atlantic salmon anemia, pale gills, anisocytosls,
poikilocytosis, exudative diathesis, dermal depigmentation.
muscular dystrophy and increased carcass fat and water
content, . o

_ In channel catfish poor growth, reduced food conversion,
exudative diathesis, muscular dystrophy, depigmentation,
-fatty livers, anemia and atrophy of pancreatic tissue
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in hot climates (Adams, 1978). Vitamin E acetate is however,
stable during feed preparation and storage.

VITAMIN K

Vitamin K 1s required for normal blood clotting
mechanisms. Menadione or vitamln K3 is a synthetic-product
used-to supplement animal diets.  Though fairly stable, it
can he destroyed upon oxidation and exposure to ultraviolet
radiation.

]

Vitamin K is involved—-in hepatic¢ synthesis of bhlood
clotting proteins - prothrombin and proconvertin.

Dupree (1966) reported haemorrhages in channel catfish
fed a vitamin K-deficient diet. However, Miral and Andrews
(1977) were unable to demoastrate any requirement for 30
weeks, In salmon prothrombhin time, was increased five times
and prolonged deficiency states lecad to anaemia and
hacmorrhagic areas in gills, eyes and vascular tissues
(Halver, 1980).

g

Sources and stabllity:

-t

Green and leafy vegetahlcs, alfalfa leaves soyheans
and-animal liver. Vitamin K found in alfalfa is falrly
stable. Synthetic componentg added to feeds are either
menadione sodium wisulfite (50% K3), menadione sodium
hisulfite complex (33% K3) (Adoms, 1978). masic pH, heat,
molsture, and trace mincerals increase the rate of destruction
of menadione salts in pelleted fecds.
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Halver's Water-soluble vitamin

test diet H~440 for fish

complete test diet

Vitamin-free casein

Gelatin

Corn oil

Cod liver oil

White dextrin
~cellulose mixture

~cellulose 8
vitamins  _1_
9
Mineral mix
Water

Vitamin mix

Thiamine HC)
Rivoflavin
Pyridoxine HC1
Choline chloride
Nicotiniec acida
Calecium pantothenate
Inositol

Bilotin

Folic aeid
L-Agcorhdc acid
vitamin 312
Menadione (K)

-Tcaopherol acetate

(q)
- 38
12
6
3
28
9

300
75
50

200

0.5

1.5

100

0.01

4

40

~tocopherol in

Dissolve
oil mix,
Add vitamin 8,. in water

12

during f£inal mixing

Mineral mix (mqg)

USP XII No.2 -
Al C13 15
Zn S04 300
"Cu Cl ' 10
Mn S04 80
KI 15
CoCl2 100

USP_XII _No. 2

Calcium biphosphate
Calcium lactate
Ferric citrate’
Magnesium sulphate.

Potassium phosphate
= (diwmasic)

Sodium biphosphate
Sodium chloride

s 100 g

per 100 g of salt mixture

(qg)

13.58
32.70

2.97
13.20

23.98

8.72
4.35
99,50

"Contd..



Diet preparation:

- Dissolve gelatin in cold water
- Heat with stirring on water hath to 80°cC.
- Remove from heat

- Add with stirring - dextrin, casein, minerals, oil
and vitamins as temperature decreases. Mix well to
40°C. Pour into containers., Move to refrigerator
to harden.

~ Remove from trays and store in sealed containers in
refrigerator until used. -

.= Consistency of diet adjusted by amount of water in
final mix and length and strength of heating.
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Matter or energy can neither ke created nor destroyed
but can be convértéd thus says the second law of thermo-
- dynamics, which is the cardinal concept in bioenergetics.
In nutritional biocenergetics also known as physiological
bioenergetics we are concerned ahout energy entering into
the organism as food arxl! its partitioning into variocus forms
- of work. The qué%ity of food consumed is also kncwn as
“ration (C). It is possible to draw up a balance sheet or
energy hudget, which in a2 very simple form can be given as

C=P+R+U+F,

P fer growih,

“where ¢ stands for consumption,/R for metabolism, U for

- non=£faecal excretion, F for excrcta as faeges. The parti=-
“tioning can be well be explained in the form of a energy
flow chart.

FORMULAE AND INDICES USED

Since we are not concerned at present with ecological
bioenergetics let me summerise briefly indices useful in
nutritional bhiocnergetics. For fuller list of formulae also
take into consideration these given 1n the chapter on
'prOteins. ' -
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1. Gross conversion efficiency (kl) (%) = g * 100

Herein we take the parameters in dry weight for the sake of
uniformity. 1In the £ield this parameters is difficult to
"obtain.: Therein We use FCR. -

- Food (fed) offered
2. Food conversion ratio (FCR) =

weight gain

_ FCR is used in a highly arbitrary manner. Some use
- poth in dry weight, while some one of the paramcters in dry
and the other in wet weight and still some authors use hoth
in wet welght.

C~-F X 100 A

3. Assimilation efficiency =

="‘"-100
_ or c c
digestibility (%)
. P
4. Net conversion efficiency = — X 100
A
K, (%)
where A = C«F
C-{(F~MFN)
5. Truc digestibility (%) = p . 100
while MFN - Metabolic faecal nutrient (enQogenous
nutrient)

100%indicator in food

6., Digestibility of a2 nutrient % = 100~E

% nutrient in faecesi

% nutrient in food

7. Total digestibhility 100% indicator in food
Assimilation e 100 w
% indicator in faeces
C
8. Trophic coefficlient = -
“ P
| P
2. Partial growth efficiency (%) = = = 100
C—=m

m = maintonance ration

% indicator in faces
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Wt - Wo

10. Body weight gain (%) = x 100

wo

Wo and Wt are live weight at the time of starting the
experient and at the end of the experient for that duration
of days for the size used, |

R : -Nutrient gained
11. Nutrient retention (%) = _ x 100
' Nutrient consumed

’Eijig.' Optimum-ratio.bf dietary energy (DE) to protein (P)
A{Keal/Kg dry diet) '

(DE/P ratio) = _
o % dletary protedn

-13. Meéébolizable energy Ae E -~ Ue {(Ap P - Gp)
{(Kcal/g of diet) = . :

C

" Where :
Ae = apparent digestibility for energy (%)
E = Total energy for the quantityﬁkonsumed food (Kcal)

Ue = Energy loss of nitrogenous products per gram of protein
deaminated (Keal/g protein)

Ap = apparent digestibility for protein (%)
P = quantity of protein in the consumed diet (g)

(% protein diet X feeding rate in % live weight -+ 100)
Gp = quantity of protein retained as growth (g)

{protein balance le. assimilated protein -

(non~faecal (exogencusly excreted nitrogen) X 6.25)

' C = weight of fcod consumed (g)
ln Wt - 1ln Wo

14. Specific growth rate (SGR) = X 100
(% body weight per day) t -

where t is duration in days.

15  In grown up organisms (Eg. large fishes) growth rate
(k) .is comstent ({log Wt = log wo/t = k)
in such cases mean daily growth per day in percentage
bhody weight (P) is calculated by the following formula
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— 2{Wt - Wo)
P = X 100
t (Wt + Wo)

15 b When the growth changes in short intervals

% (log Wt -~ log Wo)

P =0 ~1} x 100

'16. Average £o0d consumption per day in perccentage body
2C

(We + Wo) t

welight C =

x 100

17. In case of mortality odcurring to the experimental
organismg during the course of the experient food
consumption ratio (r) is useful

C

;e

r =
( We+ D) = Wo
Where D is the total weight (wet weight) of dead andimals (g),

C is the total quantity of food consumed (g) and Wo, Wt are
average initial and final weight of fishes (g).

CONSUMPTION

The forms of feed used in nutritional studies can be
classified roughly under the following heads.

i, Live feed i. Algal ) Plain or enriched
ii. Animal )
iii. Algae & Animal mixed

ii. Taest diets

i. Purely plant origin (dried algae,
single cell protein)

2i. Apnimal tissuc meal
(ailk wormy pupae,etc.)
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111, Compounded (formulated) diet
as Dry ~ pallsted diet _
b, Semi. - dry diet (crumbles)
| o. Modst diet’ (dough)
d. Encepsulated diet.
e. Particulated (hound) diet

S COnsumption 18 the quantity of £food eaten by the
experimental organism during the unit- timﬂ, usally per day.

f_.Though experimenters uae woight units in terms of caloriea

or gram protein is preferred. Fin fishes and ahell £ishes

- use protein and lipid as the major enerqgy sourges rather than
'carbohydrate and 11pids. Thus, proteiﬁ is used by the orga=-
nism as a source of energy on being deaminated. Therefore
by many in the budget protein aunits alone are used either as
gram protein or as‘nitrogen units. Much of blood glucose 1s
derived from qluconeogenesis rather than from carbohydrates..
Optimum protein/balorie ratio for salmbns has been worked out
to be 100 mg protein/aigestible Kcal in food, while in
mammals it is only ebout 70" mg.n For both carnivorous and-
omnivorous fish. lipids are the principal non-pool energy
source. - In; the ‘chapter, on protein-requirements a critical
d.tscussion was. made. on: the, :erport.ance of .using protein over
caloriea as:a.8ole unit of measurement. ‘Calorie is the-
amount of . hnat required to heat 1 g water by 1°C at’ 15°C.
1000 caloriea (also known as gram - calorie or. small,calorie)
make ane Kcal (large calorie). In oLder literatures small.
and 1arqe calories used to he written as: calorie and Calorie.
Now a. days kilojoulea is preferred over kilo calories. One
kilojoule (KJ) is 4.184 Kcal, and similarly 1 calorie =

4.184 joules. vVarious methods of determination of calorie

| values gﬂ being dealt with else where in this manusl., Calorie.
| vwanuthauheat unit is the only unit which can he uscd as the

gingle bait for protain carhohydrate and fat put together and



. 6 w»

independently.

Methods:

_ 'Consumption can he measured directly only for a few
organisms, for example in the large carnivorous fishes and

in the carnivorous squids from the number and wecight of the
whole fish eaten per day, consumption can he easily estimated.
But for the organisms of other feeding types it is not so
easy. The method heing followed in fishes to estimate total
consumption is by gastric evacuation, herein the average rate
at which a fish passcs food out of ité'fore gut is taken as
the rate of consumption, For this purpose either the serial
sacrifice method or radiographic method is followed. In the
former from a Batch of fishes after feeding, at time interval
one fish is killed and the movement of food within the
alimatory canal is watched. This involves killing of many
test fishes. In the radiographlic method either the fish is
X'ray photographed at time intervals-after feeding with'plain
food or feeding with food mixed with a radio opague substance
like iron powder of 100—2oo/pm'at the rate of 4% W/W with
20% water or with barium sulphatc at 20% W/W level.

In the third method the organism is fed with a ,
radioactivity subhstance; either the loss of radio activity
from the medium or percentage activity of the whole organism
over that of the food offered gives the clue for the quantity
of food consumed. N

The most popular method is by the use food marker,
The important criteria of a substance to be used as the
marker is that it must he thoroughly resistant to digestive
enzymes, non toxic, easily determinatahle, should not over-
take or undertake the feed through the passage and well
acceptable hy the crganism. Usually acid and distilled
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water‘waéhed fine power of Cr2 3+ 8 green'suhstance is used.
The marker is well mixed with the dlet at about 2% level or
leas and the organism is feed at libitum level to satation.

_The-faecal matter alone is carefully collected. The quantity

of Cr2 ia determined usually by calorimetric method. The
determination is as followa.
Egz Cr2 04 in the feed - 2%
Cr2 03 in the £aeces w180 mg
. » . . = gg
Food consuméd = 9 g

Other makers used are ammonium mlyhdate, hydrolysis
rbsiatant organic matter (HROM), ‘hydrolysis resistant ash
(HRA), crude £ibre {(CF}, tikanium (IV)=oxide, mineral ele-
ments like iron powder, polyethylane. magnes ium ferrite.
144001, 1ignin and colourents.

Many times digestihility of the organisms in nature
can be calculated by picking out an indicator substance -

- present already in the diet. For example the ratio of silica

and organic matter in the diet and in the faecal matter can

be used in the determination of digestibility and even for
the estimation of consumption if one can calculate the ratio
in the surrounding. say in the surface film for a detritivore.
The Silica : organic matter ratio in the consumed diet can be

‘calculated by collecting a few well fed animals at random

from the fleld and chemically estimating the stomach contents,
Shorter the duration between feeding and removal from the
stomach is ideal. To collect the stomach contents from the
stomach free from contamination by the gut tissues, the

Srach animals can be kept in the deep freezen for a duratien
allowing the gyt contents to become solid (ice) and by
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opening the stomach without thawing. Thus the stomach
contents can bé;secured as a solid mass. Latter it can be
dried for the sake of consistency of the value and the ratio
of silicasorganic matter expressed in terms of dry weight.
Similarly the faecal matter is also collected, concentrated .
by centrifuging, dried and analysed.

'~Fif£h1y'conaumption can be calculated from the

"-baléncedLequdtion where one has estimated all other para-

meters. This method is also known as physiological method,
where, - '
P+ R4+U+F =¢C

For the filter feeders consumption can be calculéted
from the rate of filtration, g

Pandian and'vivekanandan (1985) have worked out that
in fishes,feeding rate in percentage body weight has a direct
bearing on the latitude of the habitat. Thus.fishes which
live between 70°-27°N (temperate region) consume about 1.8
to 17.3% body weight per day ﬁith_a mean of 5.9%, while tro~-
pical (21° - 7°N) fishes consume 4.1 to 36 % with a mean of
- 16,7% body weight per day. Thus the feeding rate of tropical
fishes over that of the temperate is about 180% greater. It
is peen calculated that tropical fishes . ... incur an
energy expenditure Of 2.1 KJY/kg/hr while'temperate spend
only 1.2 KJ/kg/hr. ' | |

~ Fisher et al. (1973) have calculated consumption for
the grass carp in the form of a regression formula under

laboratory conditions as follows:
i

For animal and vegetable - mixed diet
_ 0.81

| | C=1.06,W"

For exclusive:vegétable'féod"
' h ' C = 0,30.W
Where weight is in grams and C in calories per day.

0'81
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_ The time taken for an or*ganism in foregoing and to
stop 11:3 feeding is known as the time taken for the animal
to get satiated or satation time, F:l.lter feeders usually
-have. a prolonged sat.at.ion ‘time, while the carnivorous a
"_'shori-x one. In the’ bivalves it has been found that the feed

_ particles noad to be at a,n optimum concentration known as

eritical . coll denaity (OCD).' At highe.r: conoent.ration they

L pake very ]..tttle into the oesophages and more of the food

;partic;ll;%s are encased in tho muces and sent out as
- Pﬁeudoiaeces. |

_ The eritical cell density (CCD) at which the
ingestion system is saturated for bivalves varies with
particle. size. Thus for food particles of sizes of 5 )IIM
S5 )am, Te2=9.4 )u'n;' 7.5=10 )mu 40~50 )Jm and 60 um CCD
in terms of X 10. /litre works. out to be 'in’ the order 450,
60, 35~40, 50, 20~30 and 2. Thus OCD deereases with 1ar.‘ger
food part:l.cloa (Nawell. 1979). .ot o

_ Crustaceans. esp., in copepods when food .'i.s supplied
at above oPt.jmum levels they resort to superfluous feeding.
The algae taken into.the gut passes Out unaltered

_ The average :I.ngostion rate per day for Crassosi_:_rea .
virgenica works out to be 3.8% body weight 'pe'r day while_ for
Penaeus setifuous 9.3% and for Mugi cephalus 3.2%., The
benthic molluscs have found to process the aediments at the
rate of 0 7-200 g/m /YK . While for Clmnella torquata it is
3288 g/m /yr (Newell, 19‘?9).

" In Met.apenaeus MOnOCEeros juvenilea of abhout 27 mm
consumption is about 12 percentage body weight per day
(Qasim and Easterson, 1974) for natural ‘detrit S. Consumption
in}ibody weight | énigh in fast growing anima.lakﬁxose metagbolic
vata is high, Thus juvan:l.].as ‘have higher rate over
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that of the adult, Consumption rate also i3 bound to
increase with inérease in temperature upto an optimum.
COnsumption is also high in animals feeding on low nutritive
_substances.‘ Thus largest values are met withﬁﬁetritus
feedera and “Enimals which live on ocoze. ~ Thess o:ganisms
practically feed continuously. '

ASSIMILATION (A)

. 'Tﬂat portion of the nutrient not excreted as faeces
“out of the gquantity consumed is known as assimilation.

Other equivalent terms;are absorption and digestibility. In
the earlier part of this chapter the formulae need to be
used in estimating total digestibility and digestibility of
a specific nutrient is given when an indicator is used in
the diet., When the quantity of metabolic nutrient excreted
along with the faeces is deducted from the faecal nutrient
in the calculation the coefficient obtained is known as
true digestibility. When no correction is made for release
metabolic nutrient inio the faeces the coefficlient is called
as apparent digestibility. Though Cr, O 3 (Chromium oxide)
is used commonly as the indicator aubstance the use of
titanium oxide has the advantage in the protein studies,
wherein Tio2 can be determined directly in the kjeldahl
digest (Njaa, 1961).

Removal of faecal matter is the subject of many
authors. Still date there 1s no foofl proof method available‘
The usc of resin to trap liguid metabolic wastes is not
useful while working in a saline medium as. in the case of

* brackish and sca watercmiw i .

: -Fu” G GFJ_

T PracticeAén our studiles ” : . for the collection
of facces ig as follows. In order not to agitate the water
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always the experimental tanks are not aerated heavily.
When the water used is well acrated and in the room too

whers enough of forced air is available during day time

~ aeration can even be dispensed with, ‘Aeration is critical

- at night usually after midnight. Usually around 3 A.M. it

is at this time it has been found that oxygen exchange is
minimum beﬁween air and water. The faecal matter is very
carefully siphoned out using wide mouthed, pipettcs having
fine pbliéhed tip. Thus removed faecal matter is transfered
on to a very fine meshed bolting silk which has been rctained
over the mouth of a wide mouth beaker using a rubber band,

The sea water drops into the beaker. Tho faecal matter is
always kept at the centre of the netting. After the
collection is over little quantity of distilled water is
poured drop-wise at the periphery of the beaker mouth. .
Thus droped distilled water used to slide to the centre and
after removing the salt.from the adhering sea water 4Arops
into the besker. Latter the netting is removed turned
upside down keeping the central portion containing faeces
over the mouth of the preweighed wide mouthed clean
container. Just a drop or two of distilled water dropped
from a little distance over is sufficient to remove the
entire lot from the netting intoc the container. Then the
faeces along with the container is dried on a hot air over

at 55°C, Thus pooled faépes is used for analysis,

f

,uu&ﬁtéi also possible that a 1ittl¢ of liguid matter
algpo ~~=-~ L along with the faeces. Elliott (1976) has
found out this quantity of organic matter to be of the
order of 4% or less to the total faecal matter. Therefore

the error arising out of this is small (Brafield, 1985).

Winberg (1956) is of the opinion that total assi-
- milarion efficiency is around 80% (P+R). According to
Phiilips {1972) it is 90% for protein, 85% for lipid and
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40% for starch. All for a normal diet, Carhohydrates of
cellulose type are not digested well, except in some
herbivorous fishes, wherein the cellulolytic microorganisms
present in the gut does the job. Schaeperclaus (1933) is
of the opinion that carbohydrates are digested 30«90% by
the omnivorous carp. For grass carp'total assimilation is
less than 13%. For typical carnivorcus organisms it can be
‘over 70%. Usually animal proteins are assimilated well;
beef heart 96%, white fish meal 92%, casein 99%, and fish
protein concentrate over 90%. Assimilation of protein of
vegetablé. originAglightly 10wer in sllver carp
(Hypophthalmichthys molitrlx)lassimilation efficiency is
73-93%,while for gold fish (Carassiub auratug) 54-63%. At
some special situations andkfeeds value over 90% is possible.
At optimal level assimilation efficienciﬁfapﬁ‘ST-?O% are
highly likely. The assimilation efficlency, various with
the concentration of the nutrient in the diét and feeding
level. Physiologically also depends on the physiological

status of the organism, feeding habit, temperature of the
medium and special situation in the life history like,
maturation, spawning, incubation period of the egg ctc.,
when the particular nutrient is available at low lcvel
assimilation for that has been observediﬁzgh. S0 also when
limited feeding regimen is used assimilation 1is high.
Therefore at ad libitum feeding oniy asgimilation efflci-
‘encies should be calculated. When assimilation is genera-
lised assimilation cfficiency f?ﬁ test %pd experimental diects
are . = to be taken into accounﬁﬁ ith thét of the organism's
natural diet. Since A% is either bound to be high or low
with test diets, which may or may not be'bf the organism's
liking.
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~ "ENERGY - TOTAL, DIGESTIBLE AND METABOLIC

,V'vi'Total enepgx._

E : The total energy content of the biological matter
“:{~(ash free) is measured by total comhustion in the bomb

'caloriemeter. Thus bomb caloricmetric value for the total

. substance gives the total energy in it, when we nced to

- know how much calorie iakthe total is from protein, carbo-
'hydrate and- fat‘we nced to estimate using conversion factors
for the available quantity of nutrients. The generalised
conversion factors for carbohydrate, fat and protein for
one gram of substance are 4.10 Kcal {17.2 KJ); 9.45 Kcal
(39.5 KJ); and 5.65 Kcal (23.6 KJ) respectively. . Thesc
values are bilased towards mammalian tissue nutrients.

~ The mammalian 1lipid is mainly saturated in nature, while
that of marine/aquatic organisms are highly unsaturated.
Thercfore for the lipids of finfishes and shellfishes
8.50 Kcal (35.56 KJ) per gram is prcferred, while speclfi-
cally working with £ish lipid 8.65 Kcal (36.2 KJ) per gram
is more appropriate {(Bratfield, '1985). .

The above given value for protein is correct only
when proteln, free from non-protein nitrogen is used.
Jobling (1253w£) quotes that non-protein nitrogen in the
salmonid. skeletal&can be about 2% of total nitrogen while
for elasmobranchs it is as high as 38%. Thus conversion
of total kjeldahl nitrogen into protein will give erraneous
caloric value. o

Though between different purified carbOhydrates the
combustion values differ significantly ~3.,74 Kcal/g for
glucose and 4.23 Keal/g for starch = the values given above

38 generally acoeptable while using for tissue carbohydrates.,
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Digestible enerqgy:

_ The terminology used for the part of energy digested
y frOm'the'enérgy nutrients varies between different authors.

X -lBrett_and Groves use the term physioclogical energy while

. others use the term metabolisable energy. I am the one who
prefer the term digestible energy, since it is self-

. explanatory. Digestible calorie = heat of combustion value X
% digestibility -+ 100. Since digestibility is highly
variabl%'it is petter that actual digestibility for each
nutrient is used. The mean digestibility values for carbo-
hydrate, fat and protein are 40%, 85% and 90% respectively
(Philips, 1972). This is a highly generalised opinion.

Mctabolic energy (ME):

Often ME is also termed physiologic energy. ME 1s
calculated based on respiratory (oxygen consumption)
studies - viz., Respiratory Quotient (RQ = CO, liberated/O,
utilised) and Oxycaloric (oxycalorific quotiert) values
(Qox = calorig liberated/unit"o2 utilised). The type of
physiclogical fuel used as energy source can be estimated
from RQ and the quantity of non-faecal excretion.

Under total aercbic conditions RQ for carhohydrate
and fat afe 1.0 and 0.7 %fthe order. For .ureotelic _
organisms RQ for protein is around 0.82 and about 0,90 for
ammonotelic organisms. . Hitrogenous wastes are
eXcreted either as ammonia, or as urea or as uric acid,
alone or a mixture of the above and in many along with
creatinine and amino acids. Marine teleosts excrete along
“with a little quantity of trimethylamine oxide (Brett and
Groves, 1979). Further proteins contain sulphur at about 1%
level, since Q,, varies with the end products of catabolism,
all these varied exaretory products of protein make



Tsble 1 - Energy equivalents used - bioenergetics (Brutt & Groves, 1979)

Energy of food and body resources Respiratory energy Respiratory

o _ Food _ —body  oxy890dVeLER S, 1ues __Quotient
o ~Heat of Digestible Metaholic ‘Qox Qox co_/0
Nutrient ‘ combustion - encrgy energy kcal/lit. cal/ 20 2
{kcal/qg) keal/g keal/g o, mg O, Ratio
- Carbohydrate Marmmal 4:10 4.0-3.2 4.10 5.04 3.53 1.0
“ | Fish_ 4.10 3.3~1.6 4.10 5.04 3.53 1.0
Fat | Mammal 9.45 9.0 "9.45- 2.69 3.28 0.71
| Fish 8.66 .8.0. 9,45~8.66 4.69 3.28 0.70
Protein Marmal  5.65 4.2=3.9  4.70 4.82 3.37 0.81
' Fish 5465 4.5-3.9 4,80 4,58 3,20 0.90
WL Mixed Marmal 5,95 - -  4.86 3.40 0.83

Fish 5.89 - - ' 4,63 3.25 0.90

e TV
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'caléulation_of RQ and Q_, for protein complicated.
Brafield and Llewellyn (1982) present the production of
ammonia from 100 g of protein as follows: (4.42 C,
700H.1¢440.114N)+460 ~——> 1,14 NH, + 4.42 CO, +

3 2
.79 H20° :

2

RQ values of ahove 1.0 is cbtainable during active
fat synthesis and RQ 1-2 is possible when anaerobhic respi-
ration'is resorted to (Kutty and Mohammed, 1975).

1 mole of glucosc on complete combustion will
liberate 677.1 Kcal (2833 KJ) of energy utilising 6 mole of
oxygen (ie 192 g). Therefore Q,, for glucose {(carbohydrate)
is 14.76 KJ/g or 3.53 Kcal/g oxygen consumed, Lipids differ
in the order of saturation and the generally accepted Qx

value is 4.63 Kcal/liter 02

_ For mixed diet Brett and Groves (1979) suggest
4,63 Keal/liter of o, while otherg are of the opinion that

it is 4.8«5.0 Kcal/liter 0; as Qox‘ (Table - 1 & 2).

Jobling (1983 b) suggest the following semi-direct
method for the measurement of 'potential’ metabolisabhle
energy based on values of total energy, digestibility and
incorporating the assumption that nitrogencus excretion
is in the form of ammonia, wherein 0.95 Kcal is lost per gram
of protein catabolised,

Thus ME (Kcal/g) = Digestibility coefficient of energy X

' total energy content of the diet
(Keal/g) - 0,95 X digestibility
coefficient for protein x dietary
p;otein content on a relative weight
basis (g/g) .
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He also i1s of the opinion that digestible energy for
carbohydrates and fats are as good as ME. Therefore
'potential' ME for protein, carbohydrate and fat are as
follows. TFollowing Brody (1945) he has taken for protein
: enérgy lost in nitrogenous excretion as urea 1.3 Kcal/g.

ME -of protein (Kcal/g) = (5.65 - 1.3) X 0.90

= 3.9
ME of lipid (Keal/g) @ = 9,45 X 0.85 ‘= 8.0
* ME of carbohydrate (Kcal/g) = 4.10 X 0.40 = 1.6

METABOLISM (R)

Metabolic rate ig\fishes and crustaceans is
distinguishable'into S major categorics. Basal metabolism
that is the metabolic rate at physiological rest at optimum
oXygen saturation is difficult 1n aqua‘i% organisms. The
available dissolved oxygen in aquatic and terrestrial animals
is in the order of 10 : 10,00,000 by weight (Priede, 19885},
Therefore the term standard metabolism is used.

1. Standard metabolism (Rs) ~ metabolic rate at minimal
maintenance or resting metabolism of an unfed £ish
below which physiological funciion would he affected
someway. This value is arrived at from nos. 2 & 3 by
curve fitting as intercept.

2. Routine metabolism or ordinary metabolism (R.) =
metabolic rate of the animal during its normal
spontaneous activity. '

3. Maximum sustained metabholism (% x) - maximum
metabolic rate for the animal for a sustained maximal
activity. . Usually obtained at maximum exercise speed.
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4;5 Active metabolism (R ) - metabolism related to
swimming and to stress. o

5. Internal hEat increment (Rf) = uee of energy for SDA.
(Feeding. metaholism) S ; .

scope for aetivity or metabqlig spepe 13 the
difference betwesn Rma#;- R 3. and varies with stage of
development, environmentel factors auch as temperature end

'“r;species*, Always mstabelie rate is calculated to a standard
ﬁftemperature and pressure, since 1t 1nv91ves. phyeiology
» of the animal end.gases viz., o end co

S 2°

Durinq ghbrt burst of museular aét.tv.tty (glycolysis)
£1sh ©ah greatly ebc’ceed' 13 Du&'mg thiE shbrt’ 'buret of

glycolysis, the glycogen rsssrve in the gkelatal mascle is

deple tho level o Iactete 1néreases resulting in
oxygen?)’g:lleﬂy R is not the ‘absolute’ Llowest lim.i.t of
metabolism.: ‘ﬂuring low oxygen tension in the medium
metabolic rate mey bE'depressed ‘and tissues could function
anaerobically for a shurt duration, whiph elso results in
oxygen debt. ' -

.-l-

As given ahove the aquatic cultivable organisme need
to meet their metebolic demands over R, ‘within the scope '

. for metabolism. Though the enhanced metebolism due to

increased locomotor activity connected with.chesing ‘of prey,
escape from enemies is ecological one. Physiological
metabolic demanda are apecific’ dynamié action—(specific '
dynamic effect) alsd knowr: “as heat increnent-end physiological
stresses (for eg, osmotic strese). As in the beginning of .
this chapter it is pointed out energy is pertitioned. ‘ When
the organism spends encrgy in metabolism over that of ~ -
routine metabolism,’ it needs to spend it from the metabolised
everay. When this“extess is not spent. this part of enciygy
too woaid have gone for growth. Thus metabolic demand
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- and growth are ¢ eE%Fiv The organism many times need
to cempromi eA\xs ene g?qneed ' : y

ggﬁz':Specific-dynamie effect er.heae increment is increase:
in'heat'produetion observed following a meal. This includes
metabolism associated with gut motllity and general post
feeding activity. It is difficult to measure hy direct
calorimetry and so 1is knownkepparent SDA by Beamish (1974).
' SDA has been’ found to he greater if the diet. is rich in
protein. Therefore it is also theught SDA is energy of -
deamination, - Estimates for SDA ie reported to be 4-45% of
the total energy of ingested food. Some are of the opinion
it is 5-20% and most authorities feel it is 9-15% of the
consumed energy. (Brett and Groves, 1979). Jobling (1983 a)
suggest that a close relationship exists between thyroid :
hormone eecretion. pretein synthesis and metabolic rates.;
Thus SDA is energy psed in protein synthesis and directly ,
associated with the activity of thyroid hormone, in -
otherwords lnescgbable cost of growth._

SDA is usually calculated thus SDA =M -( Mé+Me)
where M is metabolic rate of just fed ones, M, - metabolic
rate of starved animals and M, - the elevated metapolic
rate due to feeding.,

Energy spent _on activity

_ Oxygen ‘consumption. is alwaye re}lated to the body
weight. of the organism, In the regression equation
R = a._wb ,_R is oxygen consumptien per unit time at optimum
oxygen tension, W is the live weight of the organism,‘a’is
‘intercept_which_ie equal to R of an organism of unit weight
(fe. 1 9), and‘b’is the conetant that indicate at which
speed and in which direction R changes with increase in
weight. As explained earlier in the respirometere routine
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metabolism is measured rather than standard metabolism. In
~ order to compare the regression formula oxygen consumed is

'standardised to standard temperature and pressure, Further
1-1.tter'of.02 consumed is equdvalent to 4.63 Kcal. Thus

R (where R = Rr) can be calculated for 24 Hrs. 1In qﬁﬁﬂfi,

ie. in the f§;m active animals like fishes are never in amsy
one'd?“%ﬁgfgﬁhga always. That is,they are neither at rest
_(RB) nor at'(Rr)_nor very active (Rmax) throughout. They

. ‘are at all these rates at many times for different durations.

" Now our problem is how to estimate this actual metabolism

per day. Winberg (1956) after pooling up all the
available data on respiratory studies of his timec proposed
the following equation for routine metabolism.

R = 0,56 o wO'o! - Fish and_crustaceans
R §.04597.;JHD'§1 ..*. ?fg#hwaﬁé; fishes. |
"R = 0;26'6 . w87 _ Marine fishes
R=0.3.w® - for frashwater & marine fishes

These are also known as Winberg's bhasic equation. The
interesting factor is that value for b 1s more static,
According to Fry b varies bhetween 0.5 -~ 1,0 and Kleiber

is of the opinion it is around 0.75. Thus Winberg's basic
equation stands for the average position. Winberg then -
proposed that the actual metabholism for f£ish per day is

twice that of routine metabolism. Mann (1965): confirmed

this preposiﬁion to be practically good in thds studies on the
fishes of Thamas.

In this connection the following facts need to be
pointed out. The metabolic rate of young ones are higher
and that of the starved fishes i3 decreased. It is of
interest to note that eels on starving-fok 3 months did
keap respiratory (metabolic) level at the same level that
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of fed ones (Inui and Ohshima, 1966). Fisher (1977)
observed the similar fact in eel after starvihg for 400
- _days Jk “ Pur‘f:.m-cﬁ-'l'knk oy chanive qugy An,; %‘WWJWM

URINARY LOSS ()

-Of all the_parameters of the energy hudget this is
thefoniy;pdrametek'which is least measured. The main
reason”is that-quahtitatively percentage loss of . nutrients/
energy on consunmption by non~faecal loss is very little and
 théi?ﬁ%imggigg{g;ﬁﬁéﬁénfa, the main (60 to over 90%)

- excretory product. The estimation of ammonia-a highly
volatile substénce—accurately over a perlod is difficult.
Ogino et al. (1973) devised a £low. through syétem in which
outgoing_water'was passed through a column of Amberlite
IR-120 H to absorb liquid nitrogenous wastes and latter to
retrieve them quantitatively. This system is not suitable
for saline media andfgr"é% and taurine are not retained Jd /tegel
(Cowey and Sargent, 1979).

Gerking (1965) and Iwata (1970) have calculated
that endogenous excretion of nitrogen is approximately
0 o4 and wo -9 (where W is live weight in gram) for fish -
for blue gill sunfish and crussilan carp. The few studies
available on exogenous (dictary origin) nitrogen indicate
that ahout 22 -« 11.4% of the consumptioﬁfis lost as U.
At times about 27% of nitrogen consumed is excreted as non-
faecal nitrogen (Brett and Groves, 1979). From Brafield
(1985) it is calculated that 5.2 to 9.4% of energy intake
is excreted as U, Thus it is evident that U is about 7% of

c.



Table 2 -~ Qox values as guoted by Brafield (1985)

After Brafield & After Eiliott & After Gnaiger
Llwellyn (1982) Davidsén (1975) {1983) )
Carhohydrate 3:53 cal 3.53 cal 3.52 cal
f4.76 J 14.77 J 14.72 J
Fat - 3.28 cal 3.28 cal 3.29 cal
13,72 J 13.72 7 13.75 J
Protein to ammonia 3.19 cal | 3.20 cal 3,34 cal
13.36 J 13.39 J 13.97 J
Protein to urea | 3.25 cal 3.25 cél 3.27 cal

13,60 J 13.60 J 13.69 J
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Winberg (1956) generalisas that f£ishss in nature

. mssimilate 85% of ration and 80% of ration is available as
';f(net) physiologically useful energy. He conaidered urinary

. loss 1s negligible and metabolic loss is 3.7 Of C. There~
'ffore P+ T =pA=0Q.8C
P X 100

K, = 1.25 %y
. The energy the growing embryo utilises for development/
growth is consideredkphe maxtdmum net conversionxﬁf%iciency
possible for totzl nutrients, This works out to 65% at

maximum and never over 70% (Vijayaraghavan gt al., Yo
Whereby K, can be theoretically maximum of 44-55%.

v = 1.25 (P + T) where K,
. | S c

‘GROWTH AND OVERALL BUDGET

Moulting is the feature of growth in crustaceans.
whereby their growth in terms of length are in the form of
 'stanzas. There is little work on the quantity of energy
:_ los& by moulting. The study conducted by Thomas et al.,
{1984) show that 0.60% of ingested nitrogen 1s‘utilised
as moult,

When the organism neither shows increase nd; decra=
- ase in weight on feeding;then the quantity of nutrient
uptake ls said to be at maintenance level (c }. At levels
lower than C the organism will show reduction in weight
and the meat beqomes high in water content. Then it is
sald to be in degrowth. At degrowth it will be utilising
the synthesised body nutrients for its metabolic needs by
-tha pracess of autolysis. Thus in Penaeus indicus at
25-30 wm size ,below 10-12% dietary protein level at the
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consumption rate of 11.4% body weight per day, thoqu
carbohydrate, lipid and other nutrients beingigt optimum
show degrowth (unpub. data). Below this level the dietary
protein is not sufficient for metaholic needs and such
requirement need to he met by degradation of already formed
tissues. Protein cannot be stored. The only little:
.storage possible is by way of free amino acids. Thus when
starved of protein the only way left for the fishes and

shellfishes is to use ita own tissue protein.

With the increase in ration the organism shows
increased growth and with further increase in ration the
growth does not show any increase} It becomes plateaued.
From such a graph it is possible to identify as shown in
the figure optimum and maximum ration size (Fig. 2}.

Brett and Groves (1979) have come to the following
energy budget for young fishes,

Carnivorous: 100 C =29 P + 44 R+ 7T U+ 20PF
Herbivorous: 100 C =20P + 37 R + 2 U+ 41 F

In the omnivorous shrimps the bhudget appears as
follows for nitrogen.

Omnivore 100 C = 1432 P + 83 (R+U) + 2.2 F + 0.5 moult

Concluding it should be emphasised that as shown
ahove the fish need to hudget its energy. When metabolic
demands are too high it should meet it at the cost of
growth. At times it need to meet even at the cost of feeding
whenever it hecomes the question of high SDA and metabolism
(Priede, 1985). '



TabLe 2 -

Qox values as quoted

by Brafield (1985)

Afrer Brafield &

After Elliott &

After Gnaiger

Llwellyn (1982) Davidseéen (1975) {1983)
Carbohydrate 3453 cal 3+53 cal 3,52 cal
f4.76 J 14.77 & 14.72 T
Fat .3f28 cal 3.28 cal 3.29 cal
13,72 J 13,72 J 13,75 J
Protein to ammonia 3.19 cal - 3.20 cal 3.34 cal
13.36 J 13.39 J 13,97 J
Proteﬁn to urea 3.25 cal 3.25 cal 3.27 cal
- 13.6C O 13.60 J 132.692 J
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When growth response to diet iz low one or a few
. -of the following could be the cause.

1.

4:'

Nutritional
a, Food not enough
b. Food not assimilable
c. Food not palatable
d. Low in essential factors
e. Leeching out of nutrients
Physiological
a. Rapid_gonadial development
b, Infection, Disecase
Management stress
a. Heavy stocking, competition
h. Feeding schedule and strategy
not suitable
¢. Improper form of diet and particle size
d. Improper positioning of feed pellets
e, Type and form of feed not suitable
Environmental stress

Qe

b,

0., temperature, pH, S °/f, and
llutants.

Engineering - system & design
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. The digestive system in f£ish and shellfish shows much
varilation id structure and function and is specialised and
adapted to suit specific diets. Variation in crustacean
digestive system is mainly in the foregut which may he a
.8imple passage way qr'highly complex chambered structure
provided with triturating, straining and filtering mechani-
sms. In fish the Iength of the intestine is highly variable
depending on the diet and the inteétine-body_length ratio is
low in carnivores and very high in herhivores and detriti-
vores. In cyprinids a true stomach is complétely ahsent,

DIGESTIVE SYSTEM OF FISH

The alimentary tract of a fish consists of the mouth,
oesophagus, stomach = Lf it is present -, intestine, rectum
and associated glands' like liver. and pancreas.

There 1is ne chewing or predigestion of food in fish
mouth which serves for selection, seisure and orientation
of food towards stomach. Dentition is developed to suit
the feeding habits of particular fish and is highly variabla.
The buccal cavity has stratified mucoid epithelium which
produce mucus to lubhricate the food.
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0630phagus in f£ish- is usually a short straight
muscular tube leading from mouth to the cardiac stomach.
“The epithelium of cesophagus is folded and can distant to
swallow large prey., Oesophageal sacs of oesophagoal teeth
are present in some fishes., |

Usually the stomach is a sigmoid, highly distensible
sac with numerous folds in its linihg. Size of the stomach
varies considerably and is related to the nature of ficod.
Numercus blind diverticulae = the pyloric caecae - are
~present at the junction of pyloric stomachand anterior
intestine in teleosts and these structures aids in digestion
and absorption. The stomach is highly musculur and its wall
is modified to deal with a particular diet in teleosts. The
gastric mucosa is very mucoid with numerous glands at the
bhases of the folds. Detritivores like mullet and chanos
stomach have a gizzard like that of a fowl and in cyprinids
no true stomach is present, prohahly for quicr passage of
indigestible'matter consumed In large quantity hy these
fishes.

The intestine is a very simple tube which is usually
long and coiled in herhivores. The gut length-body length
ratio is 0.,6-«0.8 in carnivores and 1.3-4 in hoerbivores,
with silver carp and Labio sp. (Africa) having a ratio of 13
and 15-17 respectively. The intestine has a simple mucoid
columnar epithelium overlying a submucosa with oesinophi;ic
granule cells and limited by dense muscularis mucosa and
fibroelastic layer.

Rectum in fish has a thicker muscle wall than that
of the intestinc and its lining is highly mucigenic and
capable of considerahle distension.
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Liver is the most important digestive gland in fishes
and its colour 1s reddish bhrown in carnivores and light
hrown in herbivores. In some fishes liver forms a compound
organ with pancreas and is termed hepatopancreas. Hepato-
cytes are polygonal with distinctive central nucleus and a
" nucleolus and are.UsQally swollen with glycogen and neutral
fats in normally fed fishes. Under starvation the cells may
shrink and the liver will bhe loaded with yellow ceroid
pigments. Gall bladder is associated with liver and contains
- greenish yellow bile which is transported to the intestine

via the common bilé'duct.

Pancreas- is more variable in location even with in
a single species, most common cites of which are among the
fat cells in the mesentary of pyloric caeca and around spleen
and hepatic portal vein, Pancreatic juice contain protecase
and the endocrine componént of pancrease =~ the "Islets of
Langerhans" = prbduces-insulin. ' '

Digestive tract of Malacostraca

The digestive system of malacostracans consists of
the gut divisible into three distinct regions, its accompa=-
nying glands, caecae and diverticulae. The fore and hind
guts are derived from the embryonic ectogerm and lined with
chitin while midgut is endodermal in origin and has the
midgut gland, caécae'and diverticulae.

The fore gut or proventriculus has an anterior
distengible part, the posterior end of which constricts
towards a gastric mill. There is a complex system of muséular
attachments, especially around the gastric mill. The gastric
mill has a median dorsal and two lateral ossicles with many
subsidiary ossicles. Gastric mill leads to the posterior
part of the prowventriculus.which possess a filter press on
 its ventral.chamber. Mixing of food with digestive fluids
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and triturition occurs in the anterior part and the £luids
then pass into the ventral grooves of the antericr chamher
which carries it to the filter press which excludes particles
ahove 1’pm and leads the contents to the entrance of the
digestive gland. Further digestion and ahsorption of
nutrients are carried out inside the tubules of the
digestive gland. The anterior diverticula could also be
contributing essential components of digestive enzymes,

-There is a difference of opinion arout the naming
of the midgut gland which is varicusly descrihed as hepato-
pancreas, digestive gland .and midgut gland, The digestive
gland is a pair of hilohed glands lying on cither side of
the gut and opens at or near the foregut. In penaeids only
a median sac like bhilobhed caecum is presont in the midgut.
The digestive gland secrotes digestive enzymes and 2s the
major site of ansorption of nutricnts. The epithelium of
digestive gland has two cell types the 'R' cells which
stire nutrients and the '3' cells which is generally helleved
to contain digestive enzymes. The digestive gland also
serves as an organ for accumulation and mcetab»olism of calcium
and copper and inactivation of other potentiglly toxic mutals.

Midgut is lined hy a dense columiar. opithoiium it
light and dark cells that have absorptive and secretory
functions., A cylindrical peritrophic membrane is secretéd

"hy @ ring of cells behind the digestive gland opening.
Faeces are enclosed in this membrane to form dry pellets and
it protects the gut from abrasive particles and aids in
defecation,

Digestion

Digestion involves a series of processes in the -
digestive tract hy which the complex food particles are
broken down into their simple forms that can bhe readily
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absorhed into the body. This is accomplished by a combi=
nation of mechanical and enzymatic processes.

In malacostraca mechanical triturition is done in
the proventriculus aided by gastric mill while in scme fishes
oesophaglal teeth aids in this process., Oral teeth in many
fishes are used only to seize and held the prey. Chemical
process of digestion is carried out by enzymes secreted by
digestive glands and in fishes this process is aided by
secretion of gastric fluids that contain hydrochloric acid
and hile which emulsify the fats. Rates of enzymatic
activity depends on variable amcunts of enzymes, suWstrates,
enzyme activators and inhibitors, and biproducts reacting
under the modifying influence of pH and temperature.

Digestion in fish °

Digestion is initiated in the stomach in fishes that
possess a true stomach. Hydrochloric secreted by the gastric
glands leads to activation of pepsin, whose pH optima is
2-2.2. In tilapia pH of the gastric fluid is reported to he
as low as 1. Common carp which does not possess a true
stomach maintain a digestive tract pH that is slightly
alkaline,

| Carhohydrates are digested in the first and second
quarters of the intestine while protein digestion is completed
in the first quarter. Amino acid absorption, however, contl-
nues the length of the intestine,

Di and polysaccharides are hroken down o mono-
saccharides which are readily ahsorbed into the hlood.
Cellulose, hemicellulose and lignins are not digested at all
by fish hut microbial cellulase activity has heen reported
in tilapia and channel catfish. The carwhydrate digesting
enzymes in fish arc Amylase, maltase, c¢hitinase, cellobiase,
oligo-1,6 giucnsicase lactase and sucrase.
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Protein is the most important component of the fish
diet and its requirement is 2«4 times more than that of
terrestrial animals., Proteins are broken down to amino acids
which are ahsorbed in the intestine., Dipeptides and
tripeptides are also rarely ahsorbed., - The pceptade uptake
theory states, however, that small peptides with 2-6
aminocacids are ahsorbed more readily hy the intestinal mucosa
than individual amino acids.

Proteins are acted on by proteinases like pepsin and
trypsin which hreaks them into small peptides which are then
broken down to constituent'amino acids by peptidases like
carhoxypeptidase, aminopeptidase, dipeptidase and therce are
various nucleases that digest the nucleic acids., -

Fish can completely oxldise fats and rcelease all
energy. Fish lipases can act on all the three fatty acids in
a  triglyceride while marmalian lipases c¢an act only on the
first and the third fatty acids. Fats are ahsorhed as fatty
acids, mainly in the hepatocytes of the liver. Marine fishes
have enormous surface arca and extensive pyloric naccae that
permits longer time for cmulsification of waxes and wax ¢sters
which are abundant in zooplankton especially copcepods. Bile
emulsifies fats which are then digested Wy lipase and other
esterases in fish, ‘ |

Digestion in Malacostraca

Storage, triturition and digestion of food takes
place in the proventriculus and -the digestion and awsorption
are completed in the midgut., Secretion of enzyme is limited
to midgut in crustacea. Enzyme secretion increases immedia-
taely after feeding and digestion aided hy gastric mill would
‘then hegin almost immediately.
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There is a second peak in enzyme secretion after few
hours which may represent final phase of digestion in the
tuhules of the digestive gland.

‘About 80-90% of nutrients are absorbed in the
digestive gland and midgut while only a fraction is ahsorhed
in the hingut. Lysine and glycine are actively transpoutced
in penaeids in the midgut and glucogen is also ascorhed in
a similar way. The digestive gland in crustacea is consi-
dered to he under endocrine control.

Digestive enzymes in crustacea

A large number of proteinases and peptidases are
present in crustacea. Trypsin of penaeids is similar to
the mammalian trypsin with pH optima of 7-9 hut differ in
that they attack undenatured proteins like collagen and
synthetic substrates. Other proteinases with light molecular
welghts and specific activities are detected in scveral
crustaceans. Among the peptidasecs, carboxypeptidase,
arylamldase and a dipeptidase have been reported in cray
fish Astacus astacus. No zymogens (inactive precursers)
of crustacean proteolytic enzymes have heen detected so far,

Lipid and esterase activity have heen demonstrated
in many crustaceans. Fats are probhably ahsorhed as a
mixture of free fatty acids, mono and diglycerides,

Amylase activity has heen demonstrated in all the
crustaceans investigated. Maltase and oligo 1,6,
glucosidase is also suspected to he present in crustacea,
since these are necessary for complete oxdidation of starch
and crustaccans are capable of digesting starch completely.
Cellulolytic activity has heen demonstrated in many
crustacea, h»ut whether it is synthesized or secreted by
micro organisms 1s yet to he ascertained. 1,3 gluconase
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(Laminarinase) is also helieved to he prosent in all
crustaceans. All crustaceans are capabhlce of digesting
chitin which demonstrates the presence of chitinase.
Glucosidases that hydrolyse less well characterised polymers
present in algae and micro~corganisms are helicved to he
‘present in those crustaceans that fced on these itcems.
These may degrade glycolipilds and glycoproteins-in addition
toc mucopolysaccharides and polysaccharides.

pH_optima

Foregut fluid of most crustacecans is reported to
be slightly acidic. Some enzymes such as those related to
trypsin have alkaline optima,
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I-'Devélqpment of practical feced formulations depand
upon information on two major aspects; the nutritional
requirements_of the animals and the nutritive value of the
potential feed ingredients. Once information on these
aspects along with other essential parameters, become availe
able for a specific specics and size, it should be possible
to Qevelop low-cost practical feeds using linear programming.
During the past two decades there has been a phenomenal
increase in research activities relating to identification
of raw materials for formulating feed ingredicents both in
the developed and developing nations of the World.

As against the highly nutritious practical feeds
developed in the developing countries, which can make use
of large quantities of feed ingredients of nigh quality,
developing countiries have to rely mostly on relatively '
nutritionally poor quality raw materials.

Information on the raw materials available in
different parts of the couﬁtry and thoir nutritive value
are Important for identifying ingredients for incorporation
into practical diets of aquatic organisms. While a great
deal of information has accumulated on the potential nutritive
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value of feed ingredicnts, information on the biological
value for finfish and crustaceans is relatively limited, ‘
Based on their composition the raw materials, used for'féed-
COmpounding_are grouped into elight classes (Table 1}, Since,
protcin is the most expensive and most important nutrient

in the diet citensive surveys have been made to identify
natural protein rich raw materials for practical feed
formulations, So far, a large number of conventional
ingredients have been identified and their'potential_nutria
_tive value have been worked out, In view of the shortage
of these conventional feed ingroedients, as a result of
increased demand competition with animal husbandry, in
-recent'years.f Considerable emphasis nas been laid on

": identifying new sources.

PROTEIN RICH INGREDIENT SOURCES

The most important protein rich'ingredient sources
are oil cakes, fish meals, crustacean meals, blood meal,

slaughter house waste and poultry wastes, certain unicellular
algac cte.

. 0il cakes

Sovabean 0il cake: Of all the major plant protein sources

soybean is considered as the best protein source. Since
1972, soyabean prodauction has risen primarily owing to the
high demand for edible oils, In some countries like USa
soyabean neal ranks as the most widely used source of supple-
mental protein for livestock. In recent years soybean oil
cake is successfully used as an ingredient in the feeding of
finfish, Soybean oil cake has the highest crude protein

and energy contents among olil cakes. The energy content will
vary with the level of residual oil and parcentage fibre in
the meal, Lysine, threonine and methionine are the limiting
amino acids, with tryptophan and valine limiting under



certain circumstances. With the exception of methionine,
'_thelbiological availability of amino acids is cuite high.
- But, heat treatment required to inactivate proteasc inhi-
bitors results inireduced.biological availébility of both
lysine and cystinae, and partial destruction of afginine,
' tryptophan, histidine and serine. About 50 to 70 per cent
- of the phosphorus in Soyakean cake is present in the form of
phytic acid, which is ﬁiologically not availahle. Besides,
during processing phytate-protein-mineral complexes form,
_:esulting in decreased availability of Ca, Zn, Cu, Mn, Mo
and Fe. Among the vitamins, choline is found in relatively
" high levels; but nilacin, riboflavin pantothenic acid and
‘thiamine are significantly reduced {(losses of 10=75%) during
heat treatment., |

Cotton seed oil cake:

. jV,The protzein content of cotton seed oil cake varies

" between 29 and 37 per cent, Qevending »n the amount of hull
removed. The content as well as biological avallabllity of
lysina, threonine, tryptophan and methionine may be lower
than that of soybean oil cake., The energy value is inversely
related to its fikre content. It is deficient in calcium,
but is 2 richer scurce of Mg than is soybean cake.
It is a good source of thiamin and of vitamin E. The
prosence of the polyphenolic pigment gossypol and cyclo-
propenoic fatty acids adversely affects its nutritional
value., However, glandless variety of cotton seed is almost
free from gossyrol.. '

Groundnut oil cake: It is most commonly made from the

peanut kernels, husks of pods oeing removed by the process
of decortication., Although the crude protein content is
almost egual to thot of soybean cake, it is lower in lysine,
tryptorhian, threonine and methionine, It is a good source
of Mg, S and X, Vitdmins niacin, pantothenic acid and
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- thiamine are abundant, while choline and vitamin E tend to

' pe deficient,

Sinflower oil cake: ' The protein quality of sunflower oil

- cake is regarded to be lower than that of soybean cake, .
with lysine bheing especially deficient. Heat treatment -
durihg processing severely depresses the avallability of
aspartic acid,'afginine, threonine, leucine, lysine and
‘tryptophan winlle the content of glutamlce acid, serine and
ammonia increase (Smith, 19693 Christison, 1980). It is

- higher in crude fibre than in soybean cake. The fibre
content varies depending on the proportion of hulls removed
priox to processing the meal, Sunflower oil dake contains
-relatively higher levels of available calcium. It is a poor
source of trace minerals, but is high in sodium and sulphur,
B=complex vitamins and carotene are found in relatively
greater levels. '

Rapesead oll cake: The compeosition has been shown to vary

depending on the growing conditions, The presence of crucic
-acid and glucosinolates adversely affects its nutritional
value. However, development of rapeseed varieites with lower
levels of crucic acid and glucosinolateé has been a majbr
brealkthrough which allows their inclusion at much higher
levels in animal feeds (Clandinin et al., 1978). The available
lysine and threonine content is approximately 10 per cent
lower than that in Soyabean oil cake (Saver et al., 1981).

But it has more methionine and ceystine than soybean cake.
Crude fibre levels c¢an be as high as 16 per cent, 3By

removing the hulls crude fibre content can be reduced. Phytic
acid and fibre reduce the availlability of P, Ca, Mg, Zn, Cu,
and Mn. In spite of this it iz a better sourcge of available
'Ca, Fe, Mn, P, Mg. and Se than soyabean ¢il cake. It also
contains higher levels of cholins, niacin, riboflavin, folic
acid and thiamine but lower levels of pantothenic acid than
soyabean cake.



Safflower oil cake: Salflower oil cake dis relatively high

in erude fibre. The protein is lower in amino acid content
than soybean oil cake. It is a good source of Ca, P, Fe.
- Vitamin content is somewhat superior to soybean cake, but

it contains very little vitamin B .

Gingelly oil cake: The hull of the gingelly seeds accounts

 for 15-20 per cent of the whole seed, which contains high
levels of oxélic and phytic acids. These acids impart a
bitter taste to the oil cake and complexes with calcium and
other minerals, rendering them nutritionally unavailable,
Dehulied, expeller processed oll cake is high in methionine,
eystine and tryptophan, but low in lysine. The presence of
phytic acids reduces the availability of 2n, Ca, Mg and Fe.
Has high levels of niacin and pyridoxine.

Linseed oil cake: Is relatively high in fibre content duc

to the mucilage coating in the hull. The mucilage contains

a water dispersible carbohydrate which has low digestibility.
Besides, linseed o©il cake has lower protein and an inferior
aminoc acid preofile compared with soybean cake. Lysine and
methionine levels are very low., The presence of pyridoxine
antagonist linatine leads to pyridoxine deficiency.

Cogonut oil cake: This has relatively low protein
{average 24.6%) and high crude fibre (average 14,5%)
contents. Deficient in methionine and cystine. Rich in

potassium and Iron. Niacin and chioline are found in good

levels.
PROTEIN SQURCES OF ANIMAL ORIGIN

Blood meal: One of the richest source of protein, containing
75~85% crude protein. It is a very good source of essential
amino acids, histidine, lysine, phenylalaine and valine

but poor source of arginine, methionine and cystine., The
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amino acid leucine is found in very high levels compared
~with isoleucine, It is a poor source of calcium and
phosphorus and most of the mincrals. But is a rich source
of Iron containing as high as 2784 mg/kg dry matter, Niacin
and cyanocobalamin are the two vitamins found in relativély;
good levels., ' '

 Chicken eqgs_(without shells): Has about 46% crude protein
and 43% ether extract and 4% ash. Iron and zince are fouhd
- in good quantities. Good source of 'all the essential amino
acids pantothenic acid, cyanoccobalamin and riboflavin
levels are high .

'Cfab meal: Contains about 30 to 40% protein depending upon
the size and species. It is a rich source of chitin. Ash
content is very high. Arginine is found in high levels,
Very rich source of choline, niacin, pantothenic acid, and

~ eyanocohalamin, High in calecium, iron and manganese levels.

LE%%Bmm9££= Depending upon the species crude protein varies
 from 50 to 75%. Ash content from 17 to 30%. Caleium
content varies from 2.2 to 7%; phosphorus from 1.9 to 3.8%;
rich souxrce of iron, copper and zinc. Rich source of
choline, biotin, pantothenic acid, niacin, cyanocobalamin,.
Good source of all the essential amino aclds,

" Poultry bhyproduct meal (with viscera, afeet and heads):
Crude protein levels range from 50 to 60%. Good source of

all the essential amino acids, calcium, phosphorus, iron
and zinc, choline, niacin, pantothenic acid, riboflavin and
cyanocobalamin, '

Ponltry feather meal (hydrolysed): Has high protein content
crude protein levels range from 78 to 85%. Tt is a rich

source of sulphur (1.5-«1.6) but poor source of most of the
mincrals, though phosphorus content is higher than calcium.



Niacin and cyanocobalamin are found in relatively good levels.
Contains low levels of histidine, lysine and tryptophan.

shrimp wastes: Crude protein varies from 30 to 40%.
Chitinous material is found to be in levels as high'as 16%.,

Ash content ranges from 25% to 40%. Is a rich source of
calcium. Has a very high content of choline.

'NUTRITIVE VALUE OF OTHER INGREDIENTS

Alfzlfa: Crude protein 13-17%; crude fibre 25-30%. Good

. source of caleium, potassium, iron, manganese and zinc;

:choline, biotin, niacin, pantothenic acid, riboflavin and
vitamin E contents are high.

Spirulina (New source of protein): Contains 55 to 65%
protein with good levels of most of the essential amino
acids., '

Corn q;uten: ~Contains about 28 to 30% protein. - Contains

low levels of argiﬂihe but high levels of leucine.  Good
source of iron and zinc, niacin and vitamin E.

Molasses {dehydrated): Crude protein 8 to 10%, ash 10-16%
and fiber 6-10%. Contains high levels of potassium, coprery
iron and manganese,

Rice bran: Crude protein 10-12%; crude fiber 12 to 18% or
more depending on the level of husk; ether extract 7 to 12%
and ash 8 to 12%. Rich source of encrgy, phosphorus,
potassium, magnesium, iron, manganese, biotin, niacin,
pantothenic acid thiamin and vitamin E,



sorghum: Energy feed; crude protein 8 to 12% poor profile
of minerals. Rich source of niacin and pantothenic acid.

Wheat brans Energy feed; crude protein 10 to 14%; crude
fibre 12 to 18%; ash 6-8%; good source of phosphorus;

potassium, manganese and zine; niacin, pantothenic acid
and biotin contents are high,

Yeast brewers: Crude protein 40-45; ash 6-9%. Good source

of phosphorus; potassium and iron. Richest source of biotin,
choline, niacin, folic acid, pantothenic acid, pyridoxine,
rivoflavin and thiamin.

Tapioca chips: Rich source of carbohydrate. Presence of

hydrocyanic acid should be monitored.

NON-CONVENTIONAL INGREDIENTS

'Silkworm oupae Single éell proteins
Insect larvae - bacteria
Fish silage ' - yeast
Zooplankton Iezég;iotein
Molluscs vegetable silage
Recyaled wastes to Acuatic plants
produce: Marshland plants
yeast Sea grasses
phytoplankton
bacteria
algae

higher plants,

The utilization of the above products nceds exten-
slve research in terms of nutritive value, cost of pro-
duction etc.
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One of the important criteria in selecting feed
ingredients for manufacturing compieté and supplemental feeds
relate to the presence of antinutritional factors, which can
significantly reduce the nutritional value of the feeds.
These anti=nutritive substances are often referred to as
‘toxic factors' because of the deléterious_effects they
 produce when eaten by animals. However, most of these
produce subelethal effects such as reduced growth, poor feed
conversion, hormonal changes and occasional organ damage.

- -

Antinutritive substances can be hroadly grouped into
(1) those which are generated in the natural feedstuffs by
the normal metabolism of the species from which the material
originates; (2) the artificial antagonists such as preservaw
tives, chemical additives, toxic compounds introduced as a
result of different manufacturing processes, pesticides,
herbicides and heavy metals and (3) natural contaminants such
as mould, fungus and bacteria 1eading to the production of
mierovial toxins.

In the £irst group there are three main classes of
substancea: (1) Substances depressing digestion or metabolic
utilization of proteins ~ protease inhibitors, lectins
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(haemagglutinins), saponins and certain polyphenolic
compounds; (2) Substances reducing the solubility or inter-
feriﬁg with the utilization of mineral elements -~ phytic

acid, oxalic acid, glucosinolates and gossypol: (3) Substances
'inactivating or incrsa ing the requirements of certain
vitamins = Ahtikvitamins A, D, E and K and anti-B vitamins =~
thiamine, nicotinic acid, pyridoxine and cyanocobalamin.

GROUP I

SUBSTANCES DEPRESSING DIGESTION OR METABOLIC
UTILIZATION OF PROTEINS

(a) Proteast inhibitors:

_ . They are distributed widely in plants especially among
the legumes. In soyabeans two main groups are found, each of
which is a mixture of proteins = the Kunitz and Bowman ~ Birk
inhiﬁitors. The Kunitz inhibitors have specificity towards
trypsin, whereas, Bowman - Birk inhibitors inhibit both
trypsin and chymotrypsin., Growth depressing effect was due
to the slow release of methionine by proteolytic enzymes in
the presencé of trypsin inhibitors. -In-some species the
release of all the amino acids have bheen affected by the
inhinitors. E L L

Growth inhibition has been reported for fingerling
c@annei_catfish (Robinson et al., 1981) and rainbow trout
GSandhbim et al., 1976).. Raw soyabeans and defatted soyaflour
besldes, inhibiting growth and reduce protein digestibility,
depress metah01izable energy and. fat absorption, cause
pancreatic hypertrophy, stimulate hyper.and hyposecretion of
pancreatic enzymes, and reduce amino acid, vitamin and mineral
availability (Rackis, 1974).
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Autoclaving or heat processing of raw soyabeans
destroys the trypsin inhibitors (Ham™ and Sandstedt. 1944).
Extrusion cooking and infrawred cooking or mdoronization
also is effeotive.' |

Lot

{(b) Haemagg;utinins (lectins):

These are found in both plant and animal tissues -
(Stockert et al., 1974). Mostly found in legumes. They
are protein in nature and have high affinity for certain
sugar molecules. Soyabean haemagglutinin is readily inacti-
vatéd by pepsin and” thus in animals with true stomach, the
haemagglutinating fraction appears to be inactivated before
feed enters the intestine." For stomachless £ish and species
which have low peptic activity haemagglutinin containing
feedstuffs should be pretreated before usage._i

Although very resistant to dry: heat. they can: be
destroyed by coaking, autoclaving aﬁd micronization. o

- {e).  Saponins:

) They occur in a wide variety of plants and have .three
important oharaote:istiosz a bitter taste,. foaming in agueous
solutions and haemolysis of red bleod cells, On hydrolysis
they yield sapogenins whioh are either stercids or triter-
penoids and sugars, Their primary biological effect is an
interaction with oelluiaf_apd membranal. compeundss < They form
complexes with'cholesterol and has a blood=lowering effect
in chicks. Dietary cholestercl has alseo been~shown-to reduce
the growth -« depressing effect of saponins. Cheeke and
Oldfield (1970) showed that alfalfa saponins 1nhibit in
vitré succinate oxidation by rat liver enzymes and also

inhibit digestive enzyme seoretion (Isnayya and Birk, 1965).
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Their presence in feeds have been shown to affect food
intake in chicks due to the bitteb taste and affect the agg
production., Their haemolysing effect on red blood cells is
due -to an interaction with cholesterol in the erythrocyte
membrane. ‘

(d) Polyphenolic compoundss

The most important are the tannins, which are poly-
phenolic substances with a molecular weight greater than 500.
" All cereals contain tannins; certain strains of sorghum
contain uﬁtc 5% ' sal seed cake contains as high as 20%
tannin and rapeseed meal is another rich source. Growth
depression has been reported in rats and chicks due to the
reduced prctein and dry matter digestibility._ Tannins
seems to lnterfere with activity of trypsin and ~amylase.

Chlorogen;c acid is a polyphenolic compound which
occurs in sunflower seed meal (ahout 1.2%). Has growth
depressing effoct and affect the feed utilization due to its
inhiviting effect on the activity of proteinase, amylase -
and lipase. However, these effects can he counteracted by
compounds with methyl donors - for exanple. nethionine
and choline (oingeletcn and Kratzcr. 1969) . '

SURSTANCES REDUCING THE SOLUBILITY OR INTERFERING
- WITH THE UTILI&ATION OF MINERAL ELEMENTS '

(a) Phytic acid (phytate):

Plant phcsphorus is found in the form of phytic acid,
which i3 a cyeclic compound ccntaihing six phosphate groups.
Phytin forms a protein - phytic complex‘with zinc, manganese,
qopper, molybdenum. calcium. magnesium and lowers the dietary
availability of these assential elements (Rackis, 1974).

The addition of 0.5 percent phytic acid to purified diets
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fed to rainbow trout resulted in a 10 per cent reduction in
~irertlh and feod @bnversion {Spinelll et al., 1982). Protein
Lstibikity and zine availability has been significantly
»if cted by phytin, High levels of vitamin D has been shown
to improve the utilization of phytate phosphorus.

{1y) - Oxalic acid:

Certain plants like beet, splnach and seeds of sesame
contain oxalic acid, and its main antinutritional effect is
throughréomplexing with calcium. Growth depression and
reduction in calcium retention have been reported in
animals. . ' -

{e¢) Glucosinolates (thioglucosides):

These are responéible_forbthe pungent flavours found
in condiments, horse~raddish, mustard and rapeseed meal,
Their main biological effect is to depress the synthesis of
thyroid hormones. The tﬂyroid_depressing effect is due to
their reducing!the-incorporétion'of'iodine into the
precursors of thyroxine as well as interfering with its
secretion. In young chicken 0.15 pércent causes depression
of growth, Hyperplasia and hypertrophy of the thyroid.
Liver haemorrhage and enlargement of the liver and kidneys
also reported in some mammals. .

(d) Gossypol pigmentss: _

These are found exclusively in the pigment glands of
cotton seed. They are present in both oil and meal and o
exist in the free form or aS-a-goBsYpol - protein complex.
Whole seeds contain about 1.09-1.53 ¢g/100 g, of which
0.19 g/100 g exists in free form. Decorticated seeds
contain 0.15 g/100 g in free form. Dietary gossypol causes
depressed growth and decreased utilization of feed for
welght gain.,
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-In fish anorexia and lipid deposition in the liver
have been reported. (Wood and Yasutke, 1956). Roem et al.
(1967) reported adversc effects on the growth of rainbow
trout fed levels of 1000 ppm or higher but 250 ppm had
little detrimental effect, Sinnhuber et al. (1968) found
- that dietary gossypol along with aflatoxin B to act as
‘cocarcinogen in rainbow trout. In channel catfish finger-
lings growth ihhibition occurred when cotton seed meal
greater than 17.4 percent was included in the diet (Dorsa
et ak., 1982), However, in glandless cotton seed gossypol
is absent. '

: In higher animals reduction in haemoglobin, has been .
reported. Other physiological effects include reduced
appetite and-logs of body weight, reduced oxygenwcarrying
capacity of blood and adverse effect on certain liver |
enzymes (Chubb, 1982).

SUBSTANCES INACTIVATING OR INCREASING. THE
'REQUIREMENT OF CERTAIN VITAMINS .

' This group consists of natural organic ommpounds which
can either destroy certain vitamins or combine with them to
form unabsorbable complexes or interfere with. their dige-
stive or metabolic utilization, .

Anti—thiamine - has been reported in rice bran, mustard seed,
cotton seced and the greatest source is raw flsh. Most
of the freshwater fish mussels and clams contain high

levels of thiaminase, whereas a saltwater fish contain

relatively less quantities, Thiaminase can be inactivated

by heat. | o I

Anti-nicotinic acid - Niacinogen present in maize has bheen
shown to combine with nicotinic-acid thereby making
it resistant to enzyme.dlgestion, leading to pellegra
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Anti-vitamin 312 - Raw soyabeans by autoclaving shown to
contain a heat-labile substance which accentuates
the requirement for vitemin 312 ‘in rats, but the
,causal fa¢tor ds not yet identified.'f;

Ny
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© Anti-vitamin B - brotein iselatéﬁ ,fro:h unhea%éd Eeya%eam :
has been sngwn to,p:oduce riqkete dp turkeysis Auto-
claving this protein eliminated-this -rachitogentc -
effect, . '

SR

Anti-vitamin E = Found in kidney ‘beans and cause muscular
' dystrophy in chicks and lambs. It can bhe destroyed
partially by autoclaving,

Alkaloids: Pyrrolizidine alkaloids are toxins found in many
Plants. At 100 ppm in the diet caused severc growth depre-
ssion and mortality in rainbow trout (Hendricks et al.. 1981).
When fed at 2 ppm these toxins- caused severe hepatic 1esions.

Cyanogens: Cyanide in trace amounts is fairly wildespread
in the form. of dlucosides, and relatively high levels can
be found in certain grasses, pulses and root-crops.
Tapioca contains relatively high levels (53 mg/100 g to
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of fish and shellfish care must be taken to exclude toxin
containing algae.

Toxic algae, such as Gonyaulax sp. and Gymnodinium
breve are avidly eaten by some molluscs that store toxins
in their tissues (Sparks, 1972). Incorporating the conta-
minated molluscs into feeds for finfishes or crustaceans
could result in toxicity.

In addition to algae. metabolites or streptomycetes
and actinomycetes have been shown to cause muddy off-flavour
in charnel catfish inlthe U.5. {Lovell, 1979).

crowe 31

ANTINUTRIENTS RESULTING FROM NATURAL CONTAMINATION
OF FEEDSTUFFS (MAINLY MICROBIAL IN NATURE )
Animal by-products and- £fish meals are often contami-
nated with Salmonella. There arXe approximately 1200
serotypes of Salmonella of which 80 serotypes have heen
associated with diseases in animals. Their effect on fish
and crustaceans need elucidation.'

Raw materlals and to a lesser extent finished feeds
contain considerable number of bacteria, yeasts and moulds.
Whenever these have a moisture content greater than the
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accepted 'dry level' the potentigl for vacteria, yeast and
mould to propagate exists and can result in poor performance
of the animals. This can arise from three distinctly
different causes. o

(1) The microbes may be pathogenic and cause an infection
ex:bacterium = Pathogenic scrotypes of Salmonella, the
yeast Candida spp. and fungus Aspergillus spe.

{11) Microbial action can alter the nutritional status of
the product. Mould growth can cause fustiness which
results in reduced palatability. Microbial action can

"+ destroy or make unavailable to the animal certain ) .
vitamins-- for example the B complex vitamins or the
fat=sgoluble vitamins A, E and D.

(144) Mould growth can result in the production of myco~
toxins, which can cause a wide range of pathological
and physiological effects in fish. '

Mycotoxins can be produced from any stage from growing
crop to the formilated feed as indicated in Fig. A list
of feed ingredients with demenstrated natural contamination
by aflatoxin are given in Table « If proper produ=-
ction and storage conditions are maintained nwcotoxins,will
net he produced in the formulated feed,

In order to control the mycotoxin accumulation, removal
of damaged and discoloured particles 1s suggested to reduce
the overall concentratioﬁ in finished feeds. Another way
of reducing the animals exposure is to reduce the percentage
incerporation of the raw materials into the formulated feed
with reference to safe-concentrations. In oilcakes afla~
toxin can be destroyed by ammoniation and monomethylamine
treatment. The best way'to prevent problems with afla-
toxins and other mold = produced mycotoxins is ‘to store.
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feedstuffs under conditions of ;ow:humidity and iemperatUré.

Symptoms of mycotoxin depénd upon the amount of toxin
in the feed, the period for which the feed is ingested, the
nutritional status of the feed and the susceptibility of the
animal. There are four important groups of mycotoxins,
aflatoxins, ochratoxin A, zea:alehdne and the tricothecenes.

Aflatoxins:

" These are the best documented mycotoxins. There are
mainly four compounds named B » By, G and G,. Aflatoxin
is a potent liver toxin and a carcinogen with aflatoxin Bl
being the most toxic compound., In trouts high incidence
of hepatoma was reported by Wolf and Jackson (1963) when
fed in a cotton seed meal diet and the causative agent was
found to be aflatoxin B, (Halver, 1967), In trout hepatoma
occourred in a dosage as low as 0.5 ppb of aflatoxin (Ashley
et al., 1965; Sinnhuber et al., 1965). Rainbow trout are
-extremely sensitive. But brook trout and Coho salmon are
less sensitive to aflatoxin ingestion (Wolf and Jackson,
1967; Halver et al., 1969). warmwater fishes also scem to
he less sensitive, Ashley (1966) and Friédman and'Shibko_
*(1972) reported that channel catfish fingerlings showed a
relatively-low response when fed aflatoxin in doses up.tb
100 mg/kg body weight. -Thus there seems to be significant
‘differences in susceptibility of Ffish to aflatoxin. This
calls for intensive research on the effect of aflatoxins on
cultivated finfish and crustaceans of India.

The carcincgenicity dflafiaﬁqxins has been affected by
several other dietary factors. Cyclopropenoic fatty acids
and gossypol present in cotton seed meals have been shown
to serve as cocarcinogens;with aflatoxin in rainbow trout
(Lee et al., 1968; Sinnhuber gg_g;.. 1968). %he presehce
of dieldrin, a pesticide, in a diet with 6 ppb aflatoxin B,
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increased the incidence of hepatocellular carcinomas
(Hendricks et al., 1979).

Ochratoxin:

Produced by species of the genera Aspergillus and
Penicillium. Ochratoxin A affects the proximal kidney
tuhules causing nephropatty. It is teratogenic to many
animals. This -is mostly reported'frOm'temperate countries.,
Recently rice bran and soyabean meal from tropics also have
been found to contain this toxin. Decreased growth and egg
production and diarrhaea have been reported as symptoms in

poultry.

Zearalenone:

-

In an oestrogenic mycotoxin produced by several |
Fusarium species and occurs in many agricultural commodities,
affect the reproductive system.

Tricothecenes:

-Also produced -by Fusarium fungi and four compounds
have been known to be assoclated with animal disease,
deoxynivalenol, nivalenol, T-2 toxin and diacetoxy- |
seirpinol,

Wu and Sonekha (1978) reported mycotoxin - producing
fungl associated with dry shrimp. Friedman and Shibko
(1972) identified 27 mycotoxin -~ producing fungi in dry
shrimp. T-2 toxin proved lethal to rainbow trout at levels
of 6 mg/kg body weight (Marasas et al., 1967). Feed refusal
and vomiting syridromes have been ohgerved in fish.
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GROUP IIX

CHEMICAL CONTAMINANTS

The most common contaminants are organo-chloridé
pesticides, DDT, DDE, dieldrin, endrin and industrial
chemicals such as polychlorinated bhiphenyls (PCB). phthalate
esters and hexachlorobenzene (HCB) and heavy metals.

Heavy metals:

The toxicity of dietary heavy metals will depend upon
the level of those metals in the water as well as the harde
ness of the water (Spear and Pierce, 1978; Carrol gg‘gi.,-
1979) and its pH (Reed et al., 1980). The levels of metal
chelators in the diet also affect the heavy metal toxicity.

The U.S. Food and Drug Administration recommend a -
safe level of 0.5 ppm of dietary mercury. Selenium has been
found to have protective effect against the toxicity of
methyl mercury (Friedman et al., 1978). However, selenium
itself has heen found to bhe toxic to rainbow trout at a
dosage of 13)wg/g of food (Hilton et al., 1980). Chronic
poisoning in animals occur in dosages ranging 2 to 20 mg/g
{Lo and sindi, 1980).

Cadmium is a potentially toxic metal for fish and
shellfish (Smith et al.. 1976) . Seawzeds and molluscs have
been found to accumulate cadmium in levels as high as 20,000
to 1,000,000 times to that of seawater (Mleese, 1980). The -
inclusion of these items in feeds should be based on prior
knowledge of their cadmium levels.

Ashley (1972) noted that Coho Salmon tolerated copper
at 1 mg/g dry diet hut with retarded growth and impaired
pigmentation. Low levels of dietary silver (0.5 mg/kg dry
weight) has been shown to protect juvenile lobsters (Homarus
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americanus) from growth depression and mortality associated
with high levels (greater than 16 mg/kg dry weight) of
copper (Chou et al., 1982).

Polychlorinated biphenyls (PCBs)

These organic chemicals are widely used as-plasti-
cizers and in hydraulic fluids. PCBs are poorly bio-
degraded, teénd to acoumulate in lipids and bhioconcentrated.

A PCB dosage of 14.5 mg/kg body weight resulted in 100
percent mortality of coho salmon after 260 days (Mayer et al.,
1977). Sublethal effects of PCB in fish include liver
enlargement, alterations in liver structure, induction of
hepatic microsomal enzymes, increased thyroid activity

(NRC, 1981). The maximum permitted concentration in

finished feeds is 0.2 ppm.

Pesticides and Herbicides: -

Pesticides and herbicides tend to bicaccumulate or
bioconcentrate (NRC, 1981). Their toxicity is usually
greatest in young fish, causing dysplasié or sterility of
gonads, weakness, nervous disorders, loss of appetite and
death (Ashley, 1972). Crustaceans are particularly highly
sensitive to most besticides. '
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INTRODUCTION
Compounded feeds have been one of the essential
requisites in the development of aguaculture. Rearing of
larvae in the hatchery, postal larval rearing in the nursery
untll) they hecome stockable size and their subsequent culture
in grow-out ponds require appropriate and nutritionally
balanced compounded feeds. Compounded feeds have many
advantages. By understanding the nutritional requirements
of the candidate species of culture, nutritionally well
 balanced feeds could he formulated using low=cost feedstuffs
available in the concerned region. These feeds could be
prepared in large quantities with good shelf life and can he
used off the shelf wherever and whenver required. Preparation
of compounded feed does not require extensive area and highly
skilled man power. High efficlency of the feed could be
achieved by judicious manipulation of feed ingredients and
can Le made economically feasible. Dispensing of compounded
'/feeds is quite convenient over-large'farm areas and automatic
feed dispensing devices could be successfully cmployed.
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Compounded feeds are two types. (1) Purified diets
for studying nutritional requirements of animals and are
generally formulated using purified ingredients, and (2)
practical feeds which are formulated using natural ingredients.

_ In order to achieve the desired performance of a
compounded feed, there are many a factors to be taken into
consideration. The strategies to be employed in formulating
CQmpousded feeds for prawns are discussed bhelow.

SELECTION AND EVALUATION OF RAW MATERIALS

Before formulating a compounded feed for a candidate
species of prawn, the feed ingredients which may go into the
formula have to be identified. A survey has to be conducted
in the concerned region for identifying the materials. Since
practical feeds are meant for large scale commercial pro-
duction, the ingredients selected should be available in
large quantities during the required season, the material
should have consistant quality and should not be expensive.
As far as possible, feedstuffs which are used for human
consumption should not be selected for making feeds for
prawns. This may create competition for the same material
and its cost may go up very high. The selected raw materials
should be analysed for their bio-chemical composition of
protein, lipid, carvohydrate, minerals (ash) and crude fibre.
If the ingredient is a protein source, the quality of the
protein can be determined by analysing its amino acid compo-
sition. - Next the bhioclogical evaluation of the feed stuff
- should he carried out. This could be done by feeding the
material in appropriate form to the test animals and measuring
the digestibility, growth of the animals and the feed
conversion efficiency.
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Feed materials may be classified as (1) roughages
(2) ehergy feeds and (3) protein supplements, Roughages
are materials with more than 18% crude fibre. Energy feeds
are ingredients with less than 20% protein and less than
18% crude fibre. And the protein supplements are feed
stuffs with more 20% crude protein.

- Using this classification, the selected raw materials
can bhe gfouped into energy feeds and protein supplements.
Each feed ingredient that is seclected for inclusion in the
feed formula should have a definite purpose. It should be
either a protein source or energy supplement. It may bhe
a good source of 1lipild, vitamins of minerals., Scine times
the material may bhe a growth promoter, an appetizer or may
have any other specific function.

Materials of both plant and animol origin are
suitable for formulating foeds. These may be agricultural,
marine and industrial bi-products or waste materials. Some
of the common feed materials are given bhelow:

Energy feeds: Rice bram, wheat bram, tapioca, barley, corn
sorghum and maize, fish oil, vegetable oil
and animal fats.

Proteain sqpplemonts:

0il. cakes like, ground nut, cotton
seed, linseed gingelly, ccoconut,
rape seed, sunflower and soyhean

- eakes.

(1) Plant origin

Meat meal, bhloocd meal, fish meal,
slaughter - house waste, clam
meat, prawn waste, mantis shrimp
“and silkworm pupa.

{(ii) Andmal origin
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Non convertional : Poultry bi=products like feather
meal, single cell protein like
foed stuffs ‘Spirulina, krill and yeast.

BINDING AGENTS AND THEIR SELECTION

The chéracteristic difference hetween the feed of
homothermic land animals and that of the aguatic animals is
that the later has to be provided feed in/under the water
cqlumn.‘ If the feed, disintegrates and dissolves away in
the water, it is not availabhle to the animals. 'It'may cause
large scgale pbllution of the rearidg medium, To prévent
this, substances known as bBinders have to be used which
provide the feed the required water stability and prevent _
disintegration. Selection of a suitable bihding material ‘is -
essential and important, A poor binder would result in poor
growth and conversion efficiency leading to economic loss.
Selection of binder should he done carefully to control the
ecost of the final feed, at the same time it is effective in
hinding acgtion. |

Agar agar, carhoxy methyl cellulose, gelatin, guar
gum, poly wvinyl alcohel (PVA) sodium alginate and starch are’
some of the chemical suhstances which can be used as binders.,
Wheat flour, rice flour and tapioca are good natural binders
which can be used for binding prawn feeds. The criteria for
selecting a hinder is that a feed prepared using that binder
should have good water stability (minimum 3 hra.), it should
not impair the assimilation of the feed and should not unduly
enhance the cost of the feed. Tapioca powder is one of the
good natural bhinders in prawn feeds. When added to the feed
(upto 40% level) it provides good source of carhohydrate and.
at the same time acts as the binder. The feed pellets,
prepared with tapioca as binder, have good water stability.
The pellets when added to water, ahsorb water quickly and
hecome soft and retain the shape of pellets at least for six
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hours. The binding quality of tapioca was comparable to
that of agar agar, PVA and sodium alginate. Tapioca is a
low cost materiak available in large guantitiles. Thus
tapioga is a double action material in prawn feeds.

FORMULATION OF FEEDS

Feed formulation is essentially making of a recipe
according to the requirements. The selected raw materials
to a formula
have to be fitted in/toc meest the requirements of the candidate

species. Each feed material has to be adjusted to_provide a
particular nutrient and evolve a formula which can meet the

requirement of protein, 1ipid, carbOhydrate and the energy._
If necessary additional amounts of vitamin and mineral
mixtures should be added. Finally the binder at the required
level should be incorporated to make the formula complete in
all respects. The simplified flow sheet of feed formulation
is given belows ' '

Feed Formulation

NUTRITIONAL . ENERGY - : ~ SELECTED FEED

REQUIREMENTS  PROTEIN BALANCE INGREDIENTS
OF THE ANIMAL . LIPID e
' CARBOHYDRATE
+

VITAMINS AND MINERALS

o+
BINDER

BALANCED FEED FORMULA
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No single feed material is a complete feed by itself.
It is always advisable to have multi-ingredient feed formula.
One ingredieht may be rich in a particular nutrient and
deficient in others. A balance of the required nutrients
could be obtained only by including more than one ingredient
in the formula. Generally animal proteins are more superior
to plant proteins for prawns. A mixture of 60% animal
protein and 40% plant protein is a good combination in prawn
feeds. There is a simple method to balance the requirements

(protein or energy, only one at a time) using feed ingredients.‘5

This is called the ‘Square thhod' and is described below.

Example 1: To formulate a feed with 30% protein using two
ingredients prawn head (35% protein) and ground nut cake
(protein 45%). PFirst a square is constructed and the names
of the feed ingredients are written on the two left corners
along with the protein content of each.

The required protein level is Prawn Head
written in the middle (35.0)
of the square. Next, the

protein level of the feed i1s Groundnut cake
- (45.0) .

substracted from that of the feed stuffs and the answer is
placed in the corner opposite to the corresponding feed stuff,
ignoring the positive or negative sign as shown in figure,
Now add the figeres on the right hand side of thé'square

5+ 10 = 15, To make the feed with 30% protein we must mix

10
1%

Prawn head X 100 = 66.67%

. -
Groundnut cake 7
u U. . 1—5_.}{-100: 33,33%
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Example = IT

To prepare a feed with 28% protein using five
ingredients prawn head (35% protein) mentis shrimp (45%
protein) fish meal (60% protein) groundnut cake (45% protein)
and tapioca (2% protein), the ingredients are grouped into -
hasal feeds with less than 20% crude protein and protein
supplements with more than 20% crude protein. The protein
content in each group 1s averaged and plugged into the squarxe

as follows:

Basal feeds ¢t Tapicea 2.0% .

Protein supplements: Prawn head = 35.0 .

Mantis shrimp = 45.0
Fish meal = 60.0

Groundnut cake = 45.0
Total 185.0

Average = 46,25%

Basal feeds 2.0 . - | 18.25

Protein supplements 46.25 _ ( ‘26.0

‘Total = 18,25 + 26,0 = 44,25

Now the composition will be

18.25

= 44,25 X 100 = 41 .24%

Bagsal feeds

Protein supplements = §§=g§-x 100 = 53,76
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The final feed formula is:

Prawn head | = ééjZQ = 14.,69%
Mantis shrimp = 58;T6 = 14.69%_
Fish meal = 58;76 = 14.69%I
Groundnut cake = EEEZE = 14.69%
Tapiocca L =al.an
100.00

——— T A iy W

Thus -the feeds can be formulated using the selected
ingredients by balancing the nutrients like protein. This
method can bhe used to balance energy content of the feed.
In the place of protein values, energy values have to be
used.

FEED FORMULATION RBY LEAST=COST APPROACH

Least-cost feed formulation or Linear programming
(LP) was first introduced to the animal feed compounding
in mid fiftees. Recently it has heen introduced in fish feed
formulation also. LP is a mathematical procedure by which
limited resources are allocaﬁed to achieve an optimal solution
to a particular objective, These operations are completely
computerized and a detailed information regarding the |
ingredients is neceded before attempting it.

In formulating feeds by LP, the nutritionist, first
lays down a set of constraints, and then lists all available
raw materials which he wishes to be considered for selection
by the computer to achieve the objectives. The objective is
least-cost feed that will satisfy all the constraints. '



The digestibility coefficients and other nutrient
composition of ingredients along with constraints are
supplied to the computer in its proper form. The computer
will analyse and would be able to givo the formula with the
desired objectives. This could be achieved only when the
nutritional requirements of the candidate species are known
in total and the nutrient composition of the ingredients is
thoroughly analysed.

 The least~cost approach will become relevant and .
‘useful only when the operation of feed production is very
larger. But with limited knowledge in prawn nutrition,
- over emphasis on the least-cost formulation of feeds could
be premature. However feed cost is the single 1argest
expense (35~50%) in prawn production. The unit price of
prawn -feed is relatively higher. Aany saving in'the feed
cost hy least-cost approach for LP will help the prawn
culture industry.
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Nutrition plays a vital role in improving animal
. productivity. Good deal of work has been done in India on
- nutritional requirements of livestock and poultry. But
studies on fish nutrition especially on the marine species.
are comparatively of recent origin. The Central Marine
Fisheries Research Institute has been undertaking experi-
mental work to estimate the digestibility coefficients of
different feed stuffs and the nutritional requirements of
selected fin and shell fishes. Experiménts are also condu-
cted to test the efficiency of different feed mixtures and to
study their economics. In this paper a versatile tool called
'linear programming technique' has been discussed in relation
to fish feed formulation. o

Linear Programming

Today the word '‘programming' is almost synonimous
with computer programming which is purely an aid to computa-
tion such as in solving a'set of equations or evaluating an
expression. By itself a computer programme does not directly
contribute anything to the development of the formulations
leading to the set of equations or the derivation of the
expressions, ©On the other hand linear prquamming is
essentially a mathematical formulation for the determination
of optimal solutions which do not vioclate certain specifi-
cations imposed., When several variables and specifications
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are involved the computations in getting optimal solutions
are very heavy and an electronic computer facilitates quick
and efficient execution of the computation scheme.

A simple example will give an insight into the linear
programming model. Consider two feed ingredients to be
combined in such a way that the mixture satisfies certain
vitamin requirements and at the same time involves minimum
cost,

Let X, and X, be the quantities required from the
ingredients '1' and '2' respectively. It is stipulated that
the mixture contains at least 'a' units of vitamin A,and 'c’
units of vitamin C. Let ingredient '1l' containg a4 units of
vitamin A per kg and c, units of vitamin C and the ingredient
'2' contains a,, units of vitamin A and <, units of vitamin C.
If’Pt and ngbe the respective prices per kg, the linear
programming model can be written as

Minimise
Py ¥ P Xa,
subject to the condition that
Cl‘jcw +"c12;3c9u‘21_CL.
Also for meaningful solution

Y 2 0 onde Xp 2O

This is the standard form of a linear programming problem.

It consists of 3 parts namely (i) the function whose
value is t0 be minimised {or meximised if it is a profit funct-
ion) cslled the objective function (ii) structural constra-
ints to take care of the minimum requirements and (iii) the
non-negativity condition.

The formulation is called 'linear' because the
expression 0 be minimised and the inequslities involve
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only variables multiplied by constants and added together.
There are noﬁfb term, 10 g X or any non-linear form of the
variables,

Historically, the first problem in linear programming
was formulated in 1941 by the Russian mathematician
L. Kantorovich and the American economist F.L. Hitcheock,
both working independently. A systematic way for arriving
at optimal solution is provided by the ‘'simplex method’
developed by the mathematician George Dantzig who published it
in 1947. Charnes et al. (1953) Heady and Candler (1960),
Hadley (1963), CGass (1964) and Loomba (1978) gave a full
account of the principles of linear programming and the
step-by-step czlculations involved.

One of the early studies following a systematlc
approach in arriving at least-expensive feed mixtures was
made by waugh (1951). 1In India too linear programming
technigues for evolving feed mixtures for livestock were
attempted in the sixties and seventies (Jacob, 1972). However
in the fishery field very little work has been done in the
country on least-cost feeds meeting nutrient requirements.
One reason was the lack of information on requirements of
nutrients like protein and minerals for fish., With the work
done in this direction at C.M.F.R.I. the information base has
widened and it is felt that attempts could be made now to
use the technique for formulation of fish feeds (Chandge,
1987; Gopal, 1986; Kalyanaraman and Paul Raj, 1984:

Paul Raj, 1983; Paul Raj and Ali, 1982; Paul Raj and
Thirunavukkarasu, 1987). The present note is more for
introducing the teéhnique to the nutritionists, some of whom
may not be familiar with it, and for illustrating the pro-
cedure through case studies. -
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Illustration 1

_ A nutritionist proposes to mix two available
iﬁgredients such that the mixture contains at least 12 units
of vitamin A and 15 units of vitamin C. Ingredient '1l’
contains 1 unit of vitamin A per kg and 2.5 units of vitamin
C. Ingredient '2' contains 2 units of vitamin A and 1 unit
of vitamin C. It costs 3.0 R. per kg for ingredient '1i‘' and
Rs. 4.0 per kg for ingredient '2', Determine the minimum-cost

feed mixture.

Let the mixture contains xl-kg of ingredient '1' and
x, kg of ingredient '2'., The linear programming model can be
written as ’ '

Minimise

3.0(x4) + 4.0 (xz) (cost function)

Subject to the constraints

1.0(x;) +2.0(x,) 2 12.0 (vitamin A constraint)

2.5(x;) + 1.0(x,) 2 15.0 (vitamin C constraint)
and the non-negativity conditions.

xl_z_ 0 and x, > 0.

This being a two-variate case can be ,s.olved graphi-
cally. For this, consider the limiting cases of the constra-
ints nzmely,

1.0(x1) + 2.0(X2) = 12
and 2.5(x1) + 1.0(x2) = 15

By suitable substitution, the graphs of these two
straight lines can be drawn (see Fig. 1). The area common
to these lines away fram the origin is called the feasible
region because any point in that region satisfies the speci-
fications imposed. Now consider the cost function. Give
the total cost a zero value and also a convenient value,
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say, Rs. 20, The lines c¢an then be drawn as in the previous
case on the same graph, For different values of the cost a
set of parallel lines result, called iso-cost lines. An
iso-cost line is the locus of all points {(combinations of

Xq and xz) which result in the same cost{ It may be noted
that as the iso-cost lines move away from the origin the
cost also increases. We need to concern only thatepoint of
the iso-cost line which just touches the feasible region.
The co-ordinates of that point bives the optimum solution as
it is a point in the feasible region and at the same time
involves only the minimum cost. 1If the cost line is moved
up, the cost increases and if it is moved down it will not
be in the feasible region. Thus the co-ordinates of the
point 'A' namely 4.5 kg of ingredient '1' and 3.7 kg of
ingredient '2' provide the optimum combination of the inputs
(Pig. 1). Substituting in the cost equation the minimum cost
works out to Rs. 28.7.

In the above case as there are only two constraints
(apart from the non-negativity conditions) the optimum point
is obvious from Fig. 1, namely 'A' the intersection point of
the two constraint lines. (The intersection points with
the axes are not considered here for simplicity). If there
are three constraints there would he two intersection points
(Al and A, in Pig. 2) and unless the iso~cost lines are drawn
and shifted away from the origin towards the feasible region
it would not be possible to decide on the optimal point
(Al in the present case). It ¢an be proved that the optimal
point of a linear programming problem will slways lie on the

boundary of the feasible region,

With three variables the graphic solution becomes
cumbursome, With more than three variables one may follow
the 'simplex' method involving a systematic and step-by-step
procedure to arrive at a feasible and at the same time
optimal solutions {(please see references).,
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Illustration 2

Consider formulation of a feed mixture for P. indicus

with ingredients shown in the following table and
subject to minimum nutrient contents., The quantity of
the mixture to be prepared is 100 kg.

-Ingredients Sround nut Fish Shrimp Rlce Minimum
' ' cake meal head bran nutrient
meal contents
Nutrients specified
Protein (%) 38 55 40 11 35
Gross Energy
(Mcal/kg) 3.8 4.1 3.0 3.2 3.2
Calcium(%) 0.25 4,50 10.00 0.06 1.0
Phosphorus (%) 0.65 2.50 2.20 1.50 1.5
Price (Rs/kg) 3.00 6.00 1.00 1,50 Minimise
' cost

Let 1o Xgo xs and, X, be the respective quantities
in kg of groundnut cake, fish meal, shrimp head meal and rice
bran required for the mixture, The minimum-cost linear pro-
gramming model can be written as,

Minimise
3.00(x1) + 6.00(x2) +_1.00(x3) + 1.50(x4) (cost function)
Under the constraints | _
0.38(x;) + 0.55(x,) + 0.40(xy) * 0.11 (x,) Z. 35.0
(Protein regquirement)
3.8(x1) + 4.1(x2) + 3.0(x3)_+ 3.2(x4) P 320.0
(Energy requirement}

0.0025(x;) + 0.045(x,) + 0.10(x;) + 0. ooos(x)> 1,0
(Calc;um requirement)



0.0065(x,) + 0.025(x,) + 0.022(x;)} + 0.015(x,) 2. 1.5
(Phosphorus requirement)

1.0(x1) + 1.0(x2) + 140(x3) + 1.0(x4) = 100
{Quantity requirement -

0, %, 2 0 and x, >0

' (Non-negativity requirement)

X, E: 0, x, >

i

The computations involved in solving the above
rroblem is quite heavy. But computer programme packages are
available and with the 2id of an electronic computer the
solution can be obtained in a few minutes. The solution is
not given in this note. Here the stress has been for the
procedures for building up of the linear programming scheme
utilising the relevant information base.

Concluding Remarks

Application of the linear programming technigue in
the field of fish feed formulation envisages the computation
of a minimum-cost feed mixture meeting several specificeations.
' The main tasks are to quantify the nutritional and other
specifications, to fix the values of the coefficients for
conversion of feeds into their nutrient equivalents and to
ascertain the availability and price of feed ingredients.

In the examples given 'greater than' restriction
alone has been used. But tne scheme is highly flexible.
One would like to specify the requirements in the form of a
range with upper and lower limits rather than a single limit.
Sometimes the feed ingredient can be given an upper or lower
limit, for example, an upper limit can be fixed for an
ingredient, say, fish meal, which may be available only in
limited gquantities. Similarly changes in the price regime
can be introduced into the problem and solved without much
additional computation. The technigue is thus highly
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manceuvrable and the nutritionist should take full advantage
to investigate the varied types of alternatives for deciding
on the best scheme for implementation. '

One of the important assumptions made in the formu-
lation of the linear programming problem is that of linearity.
The expression to be optimised and the inegualities are
assumed to be linear functions of the variables. The linear
model employs an assumption of fixed prices and constant
returns to scale, Under the linesar model the total protein
content for example, of the feed mixture is assumed to be
the sum of the protein contents ¢f the individual ingred-
ients whatever be the proportion of the ingredients in the
mixture, Thus no interaction is envisaged. Another assum-
ption is that the coefficients such as the ones used for
conversion of feed ingredients into their nutrient equi-
valents and alsc the prices of ingredients are known with
certainty. These assumptions may be unrealistic for some
situations and more sophisticated techniques like non-linear
and stochastic programmings could be thought of. But within
certain limits, for the problem of getting optimum feed
mixtures the assumptions can be tzken to be fairly reasonable,
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INTRODUCTION

Presentation of feed in its most suitable physical
form is'key to the successful performance of the feed. The
physical design of a feed should be in accordande-with“the
feeding habits of the candidate animal and should not cause
any impediment to its feeding activity. It is also important
to consider that the design of the feed should have the
practicability of inexpensive storage and casy way of
dispensing. Involvement of sophisticated processing enha-
nces the cost of production. Finfish‘generally graze the
feed. The convenient way of presenting the feed to them is
in the form ¢of wet dough, certain fish can also freely feed
upon floating pellets and flaked feeds. In the case of
prawnsg, the larvae are filter feeders and require micro~
particle feeds with good suspension quality in the water
column. On the other hand, post larvae, juveniles and adult
prawns can conveniently hold the feed and nibble on pellets,
with suitable diameter, are more suitable form of the feed
for prawns. Investigations have shown that moist (with 30=
© 40% moisture) pellets are.preferable. But preparation of
moist pellets needs cold storage. facility which is very
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expenSivefand makes the process cumbursome, especially when
large quantities of the feed is required. On the other hand
preparation of dry pelletized feed appears to be more
practical. The technical procedure involved in the manu-
facture of pelletized feeds is detailed below.

PROCESSING OF RAW MATERIALS

The raw materials involved in the feed manufacture
should bhe received individually in ptoper condition. It is
convenient to obtain the solid feed materials in dry form.
The liquid ingredients such as oils may be procured in
proper contaliners and stored carefully. The quality of the
feed materials should be checked before processing.

Grinding: To obtain a-homogeneoué mixture of the feed, the
raw materilals should he powdered individually to a specified
particle size. Some times 1t is possible to grind the
ingredients together after mixing them according the feed
formula., Grinding of ingredients genecrally iﬁprOVes the
digestibility and pellgtability_bf the feed, Grinding of
the raw materials to a particle size of about 200 microns,
gave the highest digestibllity coefficient of the feed,
hest growth, food conversion ratio and good water stability
of the pellets, The feed consisted of p:awn'heads. mantis
shrimp, groundnut cake, fish meal and tapioca powder.

There are different types of machines available for
grinding a variety of ingredients. These are pulverizers,
‘hammer mills, atrition mills, rolier mills and cutters. The
selection of the grinder should be according to nature of
raw materials involved.
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' MIXING AND HOMOGENISING

The powdered ingredients are weighed and mixed
according to the formula of the feed, The feed mix should be
thoroughly homogenised. This is.important to avoid selective
feeding of a particular ingredient in the feed, and also to
‘achieve good pelletablility. If liquid ihg;edients are to be
added they are algo included at this stage and mixed well.
It is also possihle to spray the liquids like fish oll after
the pellots .are prepared and dried. Vitamins like Vitamins
€, which are heat sensitive can be incorporated after the
heat treatment step is completed, When hindera like tapioca
is used, it can be mixed along with the other ingredients.

If chemical bindérs are used, they must be dissolved/melted
in cold or hot water and the solution is then added to the
feed mixture. |

For mixing of feed in large scale, rotating ribvbon
type. horizeontal or vertical mixers ean bhe employod. Both
batch type or continuous mechanical blenders of varying
capacity are available for this purpose.

STEAMING

_ After mixing the feed. it is steamed for a short time
of ahout 15 mlnutps._ Steaming of the feed Improves its
_digestibility and kills the bacteria present and rendérs it
inoccuous. The starch content present in the feed gets
gelatinized and improves the binding quality. If starch hased
binders like tapicca are used, steaming is an important step
and cannot he avoided. However, cooking_ét higher temperature
and for a longer pericd should be avoided as it may destroy |
many important nutrients. |
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Steaming can also be done after extrusion of the
feed. The pellets can bhe directly steamed and dried
immediately. |

PELLETING

_ Feed is pelletised hy pressing the material through
dies with'different'size holes. " Pellets with 1 mm, 3 mm and
5 mm diameters are suitable for post larvae, juveniles and
adult prawns respectively. Pelletizatiod can be accomplished
by éompression, éktrusion and adhesicn. Depending upon the
procure ‘used, the feed pellets can be hard. non-compact and
floating pellets. . o '

Hard_pellets: To prepare hard pellets, the feed mixturel

- {dry), is subjected to steaming and the water content is
increased only by 4 to 6%. The temperature is increased to
80-90°C and the material is quickly compressed through holes
of theidie.-'The friction further increases the temperature
to 92°C. The pellets comihg dut of the machine are air=-
cooled.quickly (within 10 minutes) and further dried to a
moisture content of below 10%. The pellets thus prepared
are hard and compact. The hardness of the pellet depends
upon the nature of feed ingredients and the initial moisture
in-the feed. Feed mixtures containing large amounts of
fibrous ingrediénfé often result in too ha:d pellets. On the
other hand feeds with high fat aﬁd exbesé'mbistﬁre (water
content) result in very soft pellets, which may be called as.
poor quality pellets.

Feeding hard pellets is hazardous, especially for
finfish. It may lead to over feeding resulting in ineffi-
cient digustion.  Undigosted food may calse gastric distu-
Ibana: in the stomach and some times fish may f£loat upside
down with mortality. '
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Non—~compact pellets

Non=compact pellets are light and not compressed as
in the case of hard pellets.. The advantage of these pellets
are that they do not sink rapidly in water.

Non~compact pellets are prepared by sSpraying water
mist on dry feedumix,'on an oscillating table. The feed comes
out as ball shaped pellets. This technique is used for
preparing fertilizers and chemicals into pellets and the
methods is called the DRAVO process. This process is
directly applicable for making non=-compact feed pellets.

The Dravo-pelletizing process consists of a disc
that rotates approximately at an angle of 45°, As the feed
is tossed a»out -on the disc, a fine spray mist causes the
feed to form a ball shape of finely controlled particle
sizes. Three metal projeétions aid in separating the
particle sizea. The size of the particle can be decreased
or increased by increasing or decreasing the feeding rate
of the feed mixture to the disc and increasing or
decreasing the speed and angle of the disc. The pellets
ohtained can be dried to the required moisture (below 10%).

The advantages of this method of pelletization is
that the production cost i1f comparitively less and the
problems of like clogging of die is eliminated. Another
advantage 1s that it is possible to prepare the feed in the
required particle size directly. However the ingredients
shculd be ground f£inely to a uniform particle size. Other-
wise the denser particles of individual ingredients may
separate out during the process and disturb the homogenity
of the feed.,
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Floating pellets:

Floating pellets are usceful only for finfish which
come to the water surface, grab the pellets and feed, This
wlll help to control the rate of feeding and also observe
the fish stock without sampling. |

Floating pellets are prepared hy the 'extrusion'
process in which the resulting pellet is expanded instead
of compression.

The extrusion.procéss could'bé accomplished by
adding 25-30% watef to the dry feed mix. The wet feed
mixture is placed in a pressure-sealed cylihder and steam
is injected. This feed at high pressure is extruded through
a die to ordinary atmospheric preséure. Feed almost explodes
through the holes of the die and comes out uncompressed. The
feed is thus collected in appropriate containers and dried.
The digestibility of floating pellets is found to be higher
than the compact pellets.

The progess of floating pellet preparation is
expensive, compared to the other methods of feed manufacture,
in terms of equipment, steaming and drying cost.

DRYING

The feed pellets should be dried to a moisture
content helow 10%, otherwise the shelf-=life of the feed will
bhe very poof; The problems of storage  are discussed separaw-
tely. Generally the temperature imparted to pellets in the
process of their manufacture will help to remove the moilsture
by air#dfying process. The pellets are spread in thin
layers in trays or on the floor of drying chambers and air
is hlown over them, If the pellets have high moisture, as
in the casc of floaring pellets, hot air is blown to reamove
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the excess moisture. Both vertical and horizontal cooler=
dryers and hot air dryers can he used for this purposec.

STORAGE

Proper storage of -feeds and feed ingredients is
essential to maintain the quality of the feeds and prevent
health hazards to fish, During storage the feed can be
subjécted to chemical deterioration, infestation by insects
and micro=-organisms, mould growth and attack by rodents., All
these result in loss of nutritive value of the feeds, economic
loss and health risks. |

Insect and mould growth

Initial moisture content of the feed, temperature,.
humidity and method of storage determine its shelf life.
Moisture content in the feed should he below 10%. The feeds
should be stored in polythene lined bhags or bins and prevent
absorption of moisture from atmosphere. Air tight containers
should he used in places where the relative humidity is very
high. Steps should be taken to keep the étorage facility
clean and hygenic to prevent insect infestation.

When the relative humidity goes beyond 70%, mould
growth occurs. Some of the fungi like Aspergillus spp can
produce mycotoxins. Mycotoxins are metabOlites produéed by
the fungl and arc highly toxdc and some times corcinogenic.
The most effective method of controling mould growth is to
check the rise in the moisture content of feed. Chemicals
like propionic acid and its salts upto 1000 ppm, and gentian
violet can be used as preservatives to prevent mould growth,
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Lipid oxidation

Lipids, especially those which are rich in poly
unsaturated fatty acids (PUFA) are highly unstable compounds.
These can be*eésily hydrolysed and oxidised leading to _
rancidity. Due to atmospheric oxygen, iipids under go auto~
oxidation producing hydropronides. This is followed by
secondary reactions yielding'dipefoxides and ketoglycerides.
The carbonyl compounds produced during the oxidation react
with the amino-group (epsilon amino-group) of the amine acid
lysine in the protein and render it unavailable to the
animals, Light, higher temperature and metal ions catalyse
lipid oxidation.

Lipid oxidation can be inhibited by adding anti-
oxidants, The common anti oxidants are ethoxy quin,
butylated hydroxy anisole (BHA)} and bhutylated hydroxy toluene
(BHT). Tocopherols (Vitamin E) are the natural'éntiaxidants;

QUALITY CONTROL

Control of quality of bhoth the raw materials and the
prepared feeds is of péramount importance to achieve the
expected efficiency of the feed. There are Government regu-
lations and standard specifications for the production of
animal feeds. However no such specific standards have heen
laid down so far fdr agquatic feeds,.

Refore proééssing the raw materials for compounding
the feed, the QUélity of the ingredients should be checked.
The feed stuffs Shbuld be free from insect infestation, mould
growth and extranecus matter such as sand. stones and other
impurities. éy adopting proper sampling method, the materials
should ' be tested for meoisture content, crude protein, fat,
~zide £ibre and ash (minerals). Thesc must also bhe checked

for toxins like gossypol, isothiocyanates and aflotoxin and
for urease activity.



ee 9 ae

During compounding the feed, strict adherence to the
ingredient composition of the formula should »e made. This
will ensure the specified nutrient levels and calerific
value of the final feed., During the:process of manufactuXxe
of the feed, the factors which can affect the quality of the
feed or destroy nutrients should he controlled by adopting
appropriate methods. Strict hygenic conditions should be
maintained throughout the process to preserve the quality of
the feed d&ring its storage; Finally'the proximate compo=
sition of the feed should be analysed by'determining
moisture, protein, lipid, carbohydrate, crude fibhre and
minerals using standard methods and tally with the nutriti-
onal specifications of the feed. The feed should be
properly packed and stored to preserve its quality. Poor
quality feed should not bhe fed to fish hecause loss of fecd
is much less costly than loss of fish.
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Food is normally the largest single item in the
running expenditure in fish and shellfish farming. Hence,
the suitahility and cost effectiveness of the ration is of
paramount importancé to commercial success. Many different
types of féed'may require development to meet the varied
neads of different species and size of larvae. Palatability
and physical structure of shrimp and bhivalve ration are
inter-related. Both factors alone and in conjucation affect
ingestion and have an important impact on prawn and hivalve
nutrition, Microencapsulated diet for larval and poste
larval diets have heen advocated by Meyers (1973). Gelatin
microencapsulated dlets suitable in sea water. Until the
development of microparticulated diets the recent years the
study of larval nutrition was impossiblé. This was mainly
because the larvae were semi microscopic whereas the feeds
need to he microscopic and water resistant. The development
of med made offering of liquid and solid nutrients in pure
form made a posgsinbility. This serve as a tool in nutritional
research hut also an effective way of feeding the larvae

- with nutcient rich food. Knowledge of the preparation of
Qtars in +iia Zorm is surc to help in our efforts in develop-
ing prawn and bivalve hatcheriez in India.
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Teshima et al. (1981) have attempted to culture the
Rotifers with microendapsulated diets and found to be
suitabhle using the Nylon protein diets. However a
prolongered culture of rotifers with microencapsulated
diets resulted in a decreased population. Kanazawa et al.
(1982) succeeded in rearing of prawn larvac (P. japonicus)
using'micropafticulated diets. Kandasamli et al. (1987,
in Press) have studied the use of gelatin coated micro=-
encapsulated diet for the rearing of hivalve larvae
. suceessfully.

I. MICROENCAPSULATED DIETS

(1) Procedure for the preparation of Nylon=-Protedin
microencapsulated diets |

1. To the suspension of the artifidial diet (2.5 ml),
1.5 ml of diamine solution (0.92g/10 ml) was added
and mixed with the hand.

2. The mixture of diamine solution and artificial
diet suspension was added dropwise to the mixed
solution of 25 ml of cyclohexane and 0.5 ml of
Span 85, homogenizing continuously.

3. Homogenizing continuously, the mixture of 10 ml of
cyclohexane and 0,2 hl of sehacoyl chloride was
added at a time and thus further homogenized for
15 minutes, '

Reaction: Sehacoyl chloride + Diamine
Nylon + Hel

ClCO (CH2)8 COClL + NH2 (CH2) NH2

~ CO (CH2)8 CO - NH - (CH2)6 - + HCl



(2)

oo 3 s

- 4, After that 30 ml. of cyclohexane was added to the

reaction product and allowed to stand for 30 - 60 min.
5. Washing of the microencapsulated diets.

i) Remove the supernatant by decantation.
- Repeat with 100 ml of cyclohexan.

ii) Ada Sucrose monolawrate (5=7 ml)} and agitate
by using a magnetic stirrer for 3 hours to
expell the cyclohexane. '

1i1i) Pour into 2 1it. water and agitate to overnight
and then the capsules were collected by coentri-
fugation (at 3700 rpm for 10 minutes).

6. Storage:
The microencapsulated diet can he stored in
1.0 mol Nacl in a refrigerator (4-5°C).

Procedure for the preparation of Gelatin/acacia

capsulated diets (Green and Schleidhgr. 1957).

1. To one ml of lipid solution add 40 ml of 2% (W/v)
at 40°C kept under nitrogen atmesphere in dark.

2., Homogenize for 2 minutes at maximum speed (14,000
rpm) and transferred to 500 ml flask of 3 necked.

3. Reduce the speed to 500 rpm for 1 minute and adjust
the pH to 3.9 by the addition of 0.01 M.HCl dropwise
which cause the coacervation to the walls of the
capsules,

4. Reduce the speed to 100 rpm and allowed to stand
for 40 minutes at 40°C.

5. Rise to pH to 9.3 by the slow addition of 1. M.NaOH
and transferrcd to 300 ml water at 5°C. The content
was stored in the fridge for one hour to harden
tha aapsiiles.,
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(3)

o.4.i

'Centrifuged in a refrigerated centrifuge at 3700 rpm

at 10°C for 10 minutes washed repeatedly to remove
the excess gelatin solution.,

Autoclaved at 115°C for 15 minutes and stored in
Nitrogen for further use.

Procedure for the preparation of Ethylecellulose

capsules (V. Rancken and Claeys,-1970).

To 20 ml of 5% (W/V) ethyl cellulose in a diet
solution. (degreec of substitution 2.42 =~ 2.53)

in dichioromethane to a 500 ml round hottom flask
at 0~4°C.

13 ml of 20% (W/V) aquous solution of dextrin slowly
added with constant stirring at 1000 rpm in a paddle
shaped stirrer.

After 2 min reduce the speed to 250 rpm and stirr
further for 13 minutes, '
CGradually poured in to a flask containing 100 ml
polyvinyl alcohol at 5°C and stirred to 1000 rpm
for 1 minute.

Reduce the speed to 250 rpm for 10 minutes.
Dichloronéihane is removed under vacuum at 35°C

for 3 hours.

Polyvinyl alcohol removed and washed with distilled
water and stored in the fridge for further use.

II, MICROPARTICULATED DIETS

(1) . Procedure for the preparation of Carregeenan

microbhinding diet:

Diet ingredients were weighed and mixed well,

with 25 ml of water (10 gms diet}. The whole mixture
was placed in a water bhath at 80°C, carregeenan
(& gm. for 100 gm. diet) was added slowly with constant
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‘mixing. Then Potaasium chloride was added (5 gm. for
. 100 gm) slowly with constant mixing, .. The whole diet .
‘was cooled.in.a, yefrigerator for 3¢ mts. . The solid

diet was cut into small pieces and a bit was tested
for the hinding effect. - The diet was froeze dried and
made into powder. The powder was sieved to required
8ized particles and the same. stored in ;gfyigg:ato;.

 P:e atib f agar-~ el tin microbo ie

To 10.0 gm of:-diet ingredients 7% water mix,

0¢3-gm-agar and 1.2 gm gelatin.were added. The whole

mixture was mixed well and heated @ver a water bath at

-BO°C for 5 mts. cooled to room temperature.and freeze

dried. The dried diet was made lInto, powder. and sieved
to adequate size._ The pgrticlas_wa:e stored until
further use‘ ‘ T A R !
III. MICRO-COATED DIETS

ch o . e . B S ’

-._Ilr;eiaara-tiénz of Zein microcoated aiet:

10 gm dflthe.aiét irigredient was taken ahd 25 -ml‘zein
“solution was added., (1.0 gm zein 8fissolved in 25 ml of
" 60% EtoH). - The whole milxture was mixed well and the

diet freeze dried. " The dried diet was made into powder

Aand. sleved, to adequate size and gtored in a refrigerator
.. for. further use. '

" Breparsgion Of - Choléstetol-lecithin microcodted diet:

The diet ingredients were weighed out into a
heaker and mixed well, The wet mixture was freeze dried
and sieved to adequate size. The particles were coated
with Cholesterol~lecithin using 10 ml cyclohexahe
mixture (0.08 gm. cholesterol, 0.16 gm soybean lecithin
and 10.0 ml gyclohexane) for 10 g diet, The cyclo~
nexane wos dried over nitrogen gas and further dried in
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a'v&chﬁm desidéatcr'for'e'fo'lé hoﬁrs:*'The partlcles
e WQre stored in a ' freezer fof further use. T
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Binders, antioxidants,lmould inhibitors and growth
promoters are'non-nutritional additives added in the feeds.
The chemical. compound choosen of the purpose should be

‘neither toxic, nor antimétabolic, nor mutagehic. nor
- carcinogenic, nor teratogenic and nor biocaccumulative.

- Secondly must be effective at minimal concentration.

'Thirdly should neither retard growth, nor reduce palata-
'bility, appetite and assimilation of dietary nutrients.
Pourthly should not react with the feed ingredients chemically
in a way that would alter the nutritional quality of the
fieed adversely. Should be economical . And lastly should
not reduce the quality of the meat produced by way of
affecting taste, appearance, flavour and texture.

A. Binders
w

Binders are the substances as the name itself
signifies used to bind the various feed ingredients into a
compact mass and prevent the feed pellet from disintegrating



on being added to the water. This have two fold function.
The popular binding substancus used in aguatic feeds arc as
follows.

1. Carboxymethyl cellulcse (CMC) - organic compound
2. Polyvenyl alcohol (FVA) “
3. Sodium polyscrylate ' "
4. Propvlene glyeol alginate - polysaccharide
5. ' Algenic acid _ _ ' "
6; Wa/K/Ca - alginate 1
7. Agar ' "
-8, Carrageenaﬁ (Kappa & iota) "
© 9, Natural gums - guar gum,
. gum arabic etec. "
10. 'Stnrchcs - corn, potatto, tapioca,

rice etc. "
'  il.. Wheat glutten - protein
12, zein o
13, Gelatin "
14, Collagen . | "
~15. Chitosan ~ Amino-sugar

Items 2-3 are used 0.2 to 1. % w/w concentration

in the diet, while all others are used at 1-2 at times as
high as 5% w/w levels. Algenic acid salts are the strongest
among the list given. CMC is not stable in saline water and
.is also report to retard growth. The corn starch on boiling
form hard wax-like gel contrary to that of potztto starch.
among lambda, icota and kappa varieties of carrageenan, Kappa
forms rigid gel, while iota forms flexible gel and lambda
do not form gel, Proteinaceous binders olso serve as protein
. sources, similarly many of the polysaccharides con digestion
to varying extent serve as glucose sources. Helner . (1981)

studied water stability of various binders »nd the findlng
are as given in the Table 1,



Table~ 1: Evaluation of some binding agents for
water stability (Heiner, 1981)

A T e S I W e gy W ek e UV D Y D D TN VIR D A WY W NS N M N D D W I W T U D A A W A W AN e W

Binder Con;ent—' _ __maximum stable time (Hrs.) _
_ raticon Rank Moist pellets Dry pellets
(% dry _

- wt,)

None ST - : 1 3] 6
Corn starch 3 2 6 6
CoMe 3 2 S 6
Guar gum 3 3 12 6
collagen = 3 4 12 12
Chitosan 3 3.5 - 18.24 - 9212
Carragee.ian 3 8 24 o 24
Agar 3 8 28 - 24
ifgiggte 2 13 28 . " 24
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B. Mould Inhibitors

The formulated diet and the feed ingredients
(corbohydrate and protein) on being highly nutritive under
the conditions of storage and moisture come to have growth of

moulds such as Penicillium spp., Aspergillus spp.,

Fusarium spp. ete¢., among fungus; Candida albicans and the

like among yeasts; and bacteria like Salmonella agoha, These

by themselves are pathogenic, alter nutritional status, cause
bad flavour and taste. Their exocrines also have been found
to be toxic (mycotoxinsf. The most common and lethal among
the mycotoxins are Aflatoxin (12 varieties), Tricothecengs
(100 varieties), Ochratexin and Zearalenone. To inhibit the
growth of such above said organisms mould inhibitors need to
be added to the feeds.. Fellowing is a select list of mould



inhibitors used in aquarium feeds -~ Tabhle 2.

Table-2. Recommended mould inhibitors
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et e Recommended
_Chum;cal concentration in diet

Sorbic acid | No limit
Ca -~ sorbate "
K - sorbate "
Na = sorbate "

" Propicenic acid "
Na - propionate ' "
Ca = propicnate ' : "
Menadione "
sodium benzoate less than 0.1%
Propyl-p-hydroxyhenzoate _ "
Methyl-p=-hydroxybenzoate ’
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In storing cattle feed copper sulphate at the rate of
120 mg copper per kg of feed (maxirum of 240 mg Cu/kg diet)
is being used. 2mong the two gentian violet is better and
could be cffzctive for & peribd upto 12 weeks (Jensen, 1977).
Copper could be bicaccumulated and the toxic effects of copper
could be reduced by the application of high supplementation
(4 g/kg of AQiet) of sulphur emino acid methionine (Jensen,
1977).

C. Antiloxidants

Lipids especially unsaturated fatty acids on exposure
to air, light, heat and moisture go bad 2nd come to acguire
bad taste and codour. This process is knewn as rancidity.
Polyunsaturated fatty acids are highly prove for oxidation
and whereby come to loose its essentiality. On oxidation
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they become saturated and yield organic acid by the following

reaction. _
'“uﬁéaturated fatty acid + 0, Peroxide + H20
Unsaturated fatty acid + Peracid _ aldehyde

- Antioxidation

_ - Ordinary organic acid (Eg: Butyric acid) Cu, Fe, EDTA,
cyanide znd chlorophyll enhance the said process of oxidation
and are known as prooxidants. Antioxidants on the otherside
absord oxygen available for oxidation and whereby prevent
‘oxidation. Their role can be:illustrated'by way of the below

‘given equations, where A » oxidant, A0, ~ peroxide and B -

_ 2
antioxidant,

AO2 + B AO4+BO A+ B + 02

- The antioxidants are capable of functicning at minimum levels.
Thus one molecule of hydroquinone can protect 40,000 melecules
'of acrolein from oxidation. Apart from the antioxidants given
in Table 3, gallic acid and phosphorié acid are some of the
important antioxidants.

The quantity of unsaturated fatty acids in a lipid
is measurced in terms of iodine number, saponification vealue,
Acetyl number end Reichert-Meissel number,



Table 3 : Antioxidants used in diets

Recommendad

concentration in

the dict in terms
~of lipid content

Citric acid _ No limit

Ascorbic acid T
- Lecithin _ a
H-S and  ~tocophercl _ n
Butylated hydroxyanisole (BHA) Less than 0.2%

Butylated hydroxytoluene (BHT) "

- ' Nordihydroquaiaretic acid _ ' "

‘Propylgallate . "
Thiodipropionic acid "
-Resin guaiac "
- Ethoxyquin Lesgthan 0.015%
- Santoquin "

D. Anabelic Agents

The use of growth promoting substances in the rearing
of cezttle, sheep, pig and chicken is a common practice. The
growth promoting agents ie anabolic substances can be grouped
under the following categories: 1. Hormones 2. Antibiotics
and 3. Organics. Anabolic substances should not be c¢onfused
with essential nutrients. Vhen certain essential nutrienﬁs
on being deficient, supplementation of them would result in
higher growth rate. These essentials are not called as
anabolic agents. In this case growth retardation is due to
deficiency of such essential nutrient. Anabolic agents are,
chemical substances which on trace quantities capable of en-
hancing protein synthesis well above the normal.



The use of anabolic agents is beneficial (1) by way
of fast growth reduction in growth out period is made possible..
Thus either a hatchery or in é_grow out system with the
available facility production turn over could be increased..
(2) Production of oversized (‘giant’) aquacﬁltural product
is possible (3) By way of increased utilisation higher food
.conversion efficiéncy is obtained, whereby hetter utilization

of coffered diet is possible.

I. Hormones

_ The anabolic hormones can be grouped under 4

‘categories:
i, Growth hormones (natural source - pituitary)
'ii., Anabolic steroid hormones (Nat. sour. - Gonad)

iii. Thyroid hormones

iv., Insulins

i. CGrowth Hormones: Donaldson et al. (1979) have made a very
detailed review on the subject, The usual methods of admini-
stration of growth hormone (GH) is by way of intramuscular
injection (im), intraperitonial (ip) injection snd by
implanting the pellet in the muscle whereby permitting slow
relerse of the hormone over a period. Administration of GH
through the medium was not successful while, bathing the giils
"with GH marginally enhanced growth., With the higher dosage
(Zoolpg/g) and increasing the frequency of injection the
growth increase was elevated but the increase was not propo-
rtional, Thus at about 3.5}yg/g in one per week seems to

glve optimal growth in Oncorhynchus kisutch (Cocho salmon).

among the use of human, ovine end bovine GH, bovine
gave better result and the human least. Slight elevation of
temperature along with improved the growth.



GH increased the growth by way of incressing the
_ appetite'and conversion officiency., Mobilisation of fat
and oxiation of lipids-was increased.- Fat come to be

used as energy source and proteins conserved for growth,

'-f_An incresse in protein/g the bhedy weight too was observed.

Further synthesis‘and release of insulin too was elevated,

"ii. B8teroid hormones:

The following steroids have been tested (Donaldson
et al., 1979) in fishes.,

(a) Androgens (Nat. source - Testis)

Testosterone

17 = -Methyltestosterone

11 ~ Ketotestosterone

‘4 - chloro-testosterone ccetate
_ Ethylestrenol

Methenoléne acetate

Dimethazine

Oxymetholone

Testosterone propionate

Methylandrostenediol

Stanozolol

l-Dehydrotytosterone

17 ~Ethyenyltestosterone

(b) Estrogens (Nat. Source -~ ovary)

Estradisl

Estrone

Estradiel
Diethylstilbestol
Estradicl benzoate
Estradiocl monopalmitate
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{c) rogestogens (Nat. source corpus lutium of ovary)

Progestrone
_ Pregnanediol _
' M61@ngestrol acetate

(a) - Corticoster01ds (Nat. source - Interrenal gland in
fishes, Adranal cortex in mammals)

Cbrtisol

Deoxycorticosterone acetate

Q. Andogen : The usual routé of administration is by way of
moist diet. Im and Ip injections need handling of fishes
and in the process of handling the fish by all possibilit?

' could get injured. Mixing of hormone in the watery medium

has proved unsuccessful and retarded growth. The successful -
resgults have becen obtained in the order of lesser value are -
17 methyltestosterone; ethylestrenol; oxymetholone, _ '

- stanzolol and 1 - dihydrotestostercne acetate. 2Androgens .

, supressed the growth in females and also ‘resulted in impotent
males.,

b. Estrogens: Diethylstilbestol only shows slight improvent
in growth in fishes even here it is only marginal. Further
the results are not consistant with different species.

¢ & d.Progestrons and corticosteroids: Here too the results
are not promising in fishes. It is of interest that many
of the above give: hormones have enhanced the growth in mammals

and in awes but have proved unpromising in fishes. The study

in crustaceans is very scarce.

iii. Thyroid hormones: 3,5,3' - triicdothyroxine (T3) and
3,5,3',5%' « tetraicdothyroxin (T } are the most common mammalin

a hormone used. TYhe addition of the hormone to the watery
medium has resulted in growth enhancement in more cases than
when either injected or give through diet. Often growth
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'abhormalities and physiclogical syndromes have been observed
- to result on the use of TH. 1In the water the following
-concentrdtions-wefe"beneficial 1:1 x 1073 and 1:5 x 105.
The administration of thyroxin resulted in the clevation of
SDA ond food uptake.

- iv. 1Insulin: Evidences show that insulin play a specific

role in the incorporation of plasma amine acids intc muscle
protein, But the administration insulin to fishes has pro-
duced contradicting results.

IT. Organics

In the hidgher vertebrates arsenicals and tranquilisers
have bocn found to increase growth but not much work have bceen
conducted in aguatic organisms. Further arsenic is a cumu-
latory to poison and so caution need to be observed in the
actual application in. agquaculture. The common chemical used -
are as follows: '

i. Arsenical

3-nitfo;4-hydroxyphenylarsonic acid
p-amino-phenylarsonic acid

Na-arsanilate (Na salt of the second above given
acid)

ii. Tranquillisers

Chlor promazine
Raeserpine
Natural alkaloid Ranwolfa

How far tranquillisers are anabeclic is not clear.
It is supposed that by way of their action of reducing
excitability and envireonmental stress the érganism is able
to conserve enerqgy from metabolism and usc them for body
building (McDonald et al., 1977).
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TIT. Antibiotics -

| - The antibiotics péfmitted to be used in diet (0.001

' to 0.005%) in USA are as follows: Bacitracin and derivatives,
“'Chlortetracyclin, Lincomycin, Erythromycin thiocyanate,

Okytetracycline. Oléandomycin; Procaine penicillin, and

" Tylosin. - In the rearing of birds, swine, cattle, sheep and

"rabbitS'thé results have béen:encouraging while 1t is negative

in_caée of hamster, guineé rig, cockroack, bugs, aphids and
| protozoans. The known study is agquatic organisms are as given

‘below.
- Animal | Dose . Result
';Lebisteé-retiCulatus Chlor. Strep., ~ Death

(fish, guppy) 1 mg/ml water

Salmo gairdneri Chlortet Inhibiticon of
. . 1:10,000= metamorphosis
= +
.(_1sh, rainbow trout) 1:6, 000 and death.
“Venus mercenaria Chloram Increased larval
(Bivalve) 0.1-0,2 ppm length
Astralorbis glabratus Pleocidin, growth retardation
Nystatin,
Patulin

In casc of animals in wvhich growtﬁ promoction has
been effected the reasons given are as follows,

1. cChange of intestinal microflora to increase the number
(of vitamin synthesisers) useful symbiots, ie
praferential anihilation of microflora.

2. Inhibition of gut micro-organisms which utilise or
destroy nutrients (better conservation of nutrients)
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3, Inhibition of microorganisms that produce toxins
' (reduction of pathogens)

4. Prevention of”thickoning of gut walis whereby
facilitating incrcased absorption of nutrients,
espaecially lysine, lipids ond calcium
(Me Donald, et al. 1977). |
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INTRODUCTION

In nutrition studies it is often necessary to know
the calorific value of the feed, faeces and flesh. _These.
values are necessary to compute-the energy budget and to
tdetermine the efficiencies of . abecrpticn and ccnversion. In
nutrition requirement studies it is essential that the test
diets be isocalorifig. - Therefore determining the energy . .
content of feeds and its ccmpcnents is one of the basic
techniques used in nutrition etudies. ~

UNIT OF MEASUREMENTS

' Generally the enefgy content is: expressed in terms of
calorie (cal) or kilogram calorie (Kcal). The calorie is
defined in terms of heat units as the heat required to raise
the temperature of one gram of water at 15°C by 1°C. _The
usefulness of calorie is due to the fact:that-all_forms;cf_
energy can be converted into caicriee.'while they canngt’be'
wholly traneferred into any other forms of energy. - However,
in the international unit system SI (System International).
which has been adcpted by many_countriee..inetead cf.calcrie,:
the joule (j) a unit ofcmechanical energy has been introduced,
- ™a.diraect. link between mechanical energy and heat energy
is expreseed,inhjcule!s-law. namely that the equivalent of
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one calorie in units of mechanical energy is 4.187 X 10 ergs
or 4.187 joules (Grodwinski et al., 1975). A list of
energetic equivalents and conversion factors are given below.

1000 gram calerie or calorie
' (cal, C)} -~

1 kilo calorie (Xcal, C)

1 Kecal = 3,968 British thermal units
{Btu) at 60°F

1 Kecal = 4187 joules

1 joule = 2.388 X 1077 cal

1 Btu = 0.252 Kcal at 15°C

It is best to express the energy content of the
sample in terms of ash free dry weight, for ash is often
responsible for 10-15% of the dry weight. In general,
calorie value (ash free) should occur between a lower limit-
set by glucose (3.74 Kecal/g) and an upper limit determined
hy the value of oils and fatty acids (9.37 Kecal/g). Not all
sukstances fall within this range for example glycine
(2.08 Kecal/g), urie acid (0.91 Keal/y) ete., (Paine, 1971).

METHODS OF DETERMINING ENERGY CONTENT

There are four common methods for determining the
energy content of materials,

I. Component analysis: Lipid, protein, and carhohydrate

are the energy nutrients., If their qguantitative values are
known, calorific valﬁe can he calculated by applying appro-
priate caloric conversion factors. Most of the_conversion

factors (Table 1) given in literature closely agree with
each other. '
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L eues mafla.y ‘thie’ me’r\gy Gbﬁpentf efrpekletfs compris‘ihg a
-mixture of the,three wasic: nutrients_is u'ualxy 20-25 kJ/g. :

{ ,1-; i }‘I:IJ.' . ” n K B f‘ g u. 1{- h" ! ’=' . ) r |

; l'ﬁi. The-draw beck in compoment ana;ysis“is that it needs
;gwfesu;ts out of, thﬁﬁe analytical grocedures befere Qemputing
ehe enexrgy- value in eont:ast with!the less tlme consuming
bomh calorimeter. methed _The. errors in estimating eaCh Oﬁ
Lthe components is. reflected in the final energy value. "The
.E«Tconversion factor for each ¢omponent has been based on

« Brody's (1945) work on. mammals. Brett ana Greves (1979) have
pointed out that though 39.5 KIvg isqappEOpriate £ar. the.

ﬁ]'saturated fats. of mammals. 8 .more apprepriate figure Eer

-

:the highly unsaturated_fats aesociated with fish may be

y 36 z KJ/g' o | _
e I T T Ot LR L B DI S
: IPhd radvantage’ of’ccmpeﬁent~ahaIY&ie ‘As that unlike
. -other studies . invelving energetics, in nutrition ‘the proxi-

%’4mente cempesxtien ofthe Feed ‘is always worked ot and there-
. fore it is easier t¢ waleiulste the énergy value. ' Also, in
" Jahordtories where a homb,calp&imeter is ‘hot available, the

| component analysis is’ the ﬁext.best method & get ari acou~-
rate value of energy centeht.—-‘
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IT. Wet oxidation:

The principle of this method is that the sample
material is heated with an oxidising agent so that the sample
is oxidised, By titration, the remaining oxidising agent
is determined, from which the amount of oxygen consumed by
the sample material could be determined. The sample calorie
value is calculated by multiplying the oxygen consumed (mg) x
3.38 cal. Vvarious oxidising agents like dichromate and
potassium iodate have been used. The-spectrophotometric
method'of-determining organic oxidlisable matter as carbon
gan also be used,

The draw backs in this method are that it is still not
certain whether the wet oxidation technique for 2ll the oxi-
disahle«carbon (Paine, 1971). The method assumes that all
the earhon present is as carbohydrate. Therefore, the amount
of nitrogen in the sample. greater lS the deviation of,_the
wet oxidation value from ‘that of boMb calorimetry. '

ITI. Thermo chemical method' '“'

Theoretically it is possible to calculate the enthalpy
of any given substance from known heats of formation. If
the percentage composition of constituent elements are known,
then a balanced empirical equation could he developed
representing the oxidation reaction of a bomb.

The above method is more of theoretical intereet than
of practical utility. '

‘Bomy - calorimetry:

-

- The principle of all bomb calorimetry is that a known
weight of eample is ignieéd: electrically and burned in an
excess of_oxygen in the pomb. The oxidation is explosive and
complete so that the whole heat output is instantaneous.
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The heat output ig estimeted by directly measurinqjthear ge

<28, temereture Sf yater, surrounding. £hasbemb. of by means 1 of
. ..3,fhermocouple and a,potentiometer.. Comparing. this:pise,:
. with that obtained when,sample; of kpown galorific. vakye. e
wurnt,  the calorific.value; of,the. sanple - matesial esn:beni,
_.ﬁdetermined;- There,are different types: of calorimeters and
%:@th@y .can [be: grouped : RGP twe catqgﬁﬁﬁﬁﬁu“ A1) innather - tHé.
heateioss from the, calerrmetermdarinqrteet is elimiﬂateelbr

f'.égiahagég;gnd nonﬁadiabeticvcaiormmeteg_.- In adiahaﬁic Bemb
wealmmetere ‘the bem ‘b plaeed A a ‘ealerimeter veesei’ o

: Gﬁﬂt&:'ming LEJﬁmd qeantcbuy of‘*wat*el‘% 3 ‘i’he*d:a".ﬁerimeter *vease].

e oS ﬂurreundaﬁ by*en*o&ter yaékee%eﬁd?ﬁﬁefe”ére pfeﬁ&eidng”

to add hot or cold water to keep the Jacket temperature,:m.

; equivalent to the calorimeter., In no diabatic ealo;imeter

gf”this provisionl “lacking. -f“__ oy the .

?Llin the calorimeter 0eese1 has to be corrected for radiation.
o I S N 5 A BT I N SURCTS) &35 2
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: Miero, Semi micpd . eﬂé Nﬁcre éaloriﬁetere Based on the'r&nge

3 "of sample size that’ can He used the bOMb calorimeter can he

fifgreuped intd micks with a eample range 1-i0 mg,'semi—micro

. with"10=~100 my and’mecre with 200 mg to 1.5°g. The minimum
and’ mexamum sample size in’ eeeh ef ﬁhesircategorlee varies '
fdepending~en the make of the bomb calorimeter._ Phillipson .
MACLO<BORE calorimeter" the ‘seni micra'Perr\calerimeter«and
'tﬁe'nhcro Gallenkamp calorimeter are:_hewcemmonly used homb .

Baeic featuree of a bomb calerimeters ALl typee ef bOMb
, calorimeters have the following feetures“namely (i) Bamb
ady Oxygen supply (iii) firing assemle}(iv) temperature
"seneing end recordiﬁg drevice. R : '
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“(i)””ﬁdmﬁs This 15 made of thiek stainless steel and thE_
.capacity depends on the. type of: bomb—calerimeter.;art ‘;_;
consists of two, halves, both of which can be serewedAtegether
with a. teflon or-rubber '0! - ring. washer .in.:hetween: fhem:
”KOne part of: the bomh, is hollow and. to.the; ether pexteeme

Of the two terminale one is insulated With which eample}

holder is attached, and the other connected to the bomb.

" At the time of loading the sample a platinum fuse wire is

attached donnecting the terminals. The platinum fuse wire is
went in such a way it-is 4in’ intimate contact with the sample.-
In séme instruments instead of pt ‘fuse wire a cotton’ wig

_ #8éd., There 15 an inlet fer exygen which can be closed and

~ an outlet centfolled Ty a needle valve. 'The oxygen pressure
:inside the bOMb 15 read theough B gauge., The sample is

_'placed in & platinum cricible and kept over the sample e

"ho}.dar of t.he bor.

(ii) en . SuppLy : The-oxygen ie supplied G the bomb
_"from an ongen cylinder by means of reduceé ‘and two gaugee

meesure thé’ oxygen pfessure inside the bomb and the exygen
'cylinder.' -

(1ii) Firing assembly: It consists of‘batﬁeries;'cdﬁdeﬁser.
resisters, charging and firing eircuit, timer and - eperating
switches: - The whole thing is: mounted on -a- eontrol hoard" te
which are attached other electrical connections.~~---*m-

(iv)_,Temperaturefsensing and reeording device: This eqeeie;s
of either a. sensitive the;memepefa(withian;eecufecx of
0.0002°C) or a“ﬁhefmoeeupie.h;inubemb calefimetere with |
thermometer the_bomb is immersed in a fixed weighted amount
of water which is constantly stirred during the teet. The
tenperature rise in ‘the bomh 15 passed to the weter ana its
rise in water:is réborded., In those calorimeters with the -
thermeceuple, it is attached directly to the bedy of the homb.
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It is advantageous over tﬁe thermometer -in that-it takes
lesser time and a permaneﬁt record_can,he made by attaching
the thermocouple to a potentiometric strip chart recorder.
High precision spot galvanometer or a potenticmeter too can
also he used. :

Samgge preparation

The sample for the sake of uniformity need to be
dried in a hot air oven-(55-80°C) or a freeze drier. Drying
rapidly as far as possible is esesential because of the
progressive decompositioﬁ of fats to fatty acids with ‘
different calorific values. The next step is griading the
sample to a fine powder and an aliquote of the powdered
material is-made into a pellet in a pellet press. It is _
alsc acvisable to dry.the pellet until a constant weight is
‘attained. The criteria governing sample size is that the
total heat released by the sample shoﬁld_fallgwithin the
limited temperature range over which each-bomb calorimeter
is linear. For example in Gallenkanmp worhh calorimeter, the
recommended heat release is 4.0 Kcal. This gives a sample
range of ahout 0.4 g for fat'to ahout 1.5 g for a material
such- as-urea. If the sample is difficult to ignite or not
adequate enough, a krown amount of standard material usually
henzoic acid has to he mixed to give the recemmended total
heat release. ALL materials whigh have low bulk density and
high surface area must first be'compactéd in order to reduce
their rate of combustion and to prevent incomplete combustion.
If needed few drops of watar with a wetting agent can be
added and allowed to saak in.before igniting the sample.

Calibration: Since 1934 benzyoic acid - 6.32 Keal/g

(C6 5 COOH) has been the international standard used in
thermochemistry and all bOMb calorimeters are calibrated
against i, It is obtainabae fram the National Bureau of
standarda. Washington DC 20234 as standard sample 394, The
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- purpose of calibration is to check whether there is direct
dependences bhetween the amount of suhstances hurned and the
thermometer recorded readings and to obtain calorific
equivalent for one recorder division. The first step involves
hurning benzoic acid samples of different weight to find the
range over which the measurement is linear. The second step
involves burrning 10 or more henzoic acid samples falling ‘
within the linear range of the calorimeter, From these
recordings calorific equivalents for one recorder divisions
. is calculated. .

Precantions

_ 1. Weighing and temperature measurement errors should he
avoided especially when handling low sample weights.

2. The sample material should he homogencus and this’g¢an
" he échieved'by grinding and mixing. If the alliquote
taken for making the pellet is not representative of
the sampke, it can cause serious errors especially in
microbhomb calorimeter., |

3. A correction for the constant heét_gain due to the
~ firing current and firing cotton or fuse wire should be
carried out,

4. - In those calorimeters with thermometer, it is" advisahle
to tap the thermometer gently hefore and during each
- reading so that adhesion hetween the mercury «olumn and
surrounding glass is minimised., After eéch run a stem
correction to correct for the error due to differential
expansion of thermometer's mercury column which 1s
exposed to hoth water and air need to he gafriédfout.

5. A radiation correction for the heat loss or gain during
the temperature rise due to combustion of sample has
to he carried out.
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'Procedure-“

DAL - A SRS A R ST T
6. \Another source of error is the formation of aoiéo like
. nitric'and sulphuric following oombustion. An.agid -
.correction can. be estimated by assuming that all tho
acid is HNo3 and titrating with 0:0725 N so&ium~oarho-
nate, (at this normality 1 m titrata is, equivalent
to 1 oal)._ “'_

7. Inoomplete oombustion oan resultsin an: undorestimate of
calorific value...This. happons mainlﬁ dueto. rapid
-admiasion of ongen to tho bOMb which.can blow,part of
the sample away._ Othar reasons are loose or too
densely compacted’ pellet &% 1om oxygen pressure.

8. Material with high ash oontont due to endothermic o
reactions within the bomb do not giva an accurate
”value.' | SO

9.-"A violent oomhuﬁtion duo to not.qompaoted pellet-or

_higher oxygan pressure or oxygen k;in the bomb-during :
firing can. 1ead to hot;gases esoapimg ‘Past-the. aealing
ring and oause 1rreparable damageito the bomb.:

Ballistic bomb calorimagggm In. ascertaining the calorific

‘value of feeds and othef nén’hbmogehous materdels it ’is

diffieult to- ohtain a truly‘ropre5ehtatﬂﬁe singlo oample._

In such cases, the average of - 3" number 6f . less sccdubate -°
results 18 superior-to’ “a’ single very: acourately detérmined
one. In Ballistic bomky oalorimeter which -is"” a’ magro=
nonadishatic type, ‘replicate’ ¥esting.¢an be done very fast
(upto‘lg.resultg‘pér”hourﬁﬁf“Therefbrei'for estimating energy
content of feeds. it is the idaal bombpcalorimeter.

1 The crucible with the wolghed samp&e is kept on the
support piller in the hase of the bomb. One ond of a
50 mm length of firino ooiton is inserted hetween the
- @oils of the firing wiro and the other .end: droppod into
. centre of sample in tha,oruclble. :
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fAftér dheékiﬁéméhat ﬁhe-bomb seaiing ring 1s"in\position

odn the- groove.raiae the knurled lecking ring and:. .engage
the thread- of-the homb hody with that of. the: ring.

4.

::  Lcwer the bomb hody and grasping it firmly with one hand
:‘screw the sealing ring.

— a

_“Plug the thermo coup}e.lntq the hole in tbe top of bomb
_ body._

I

Close. the pressure release valve in: the bombmand OPEU
-the -valve in, the front panel of the control hox about
4. turn. - Allow the pressure to/rise to 25 atmo:' and

- close the valve, . | F

'By means of galvo zero knob'on the cortrol wox, hring

the '1ight sp0t index: on ‘the: galvanOmeter to zero and

'__;check for 30- sec. for any drift due to. temperature

' \variation.;f

1rer. - . . B R t ". - ___La'--:

*_stand back £rom bomb and press the firing hutton. After
f 10—15 sec. increasing deflections on’ the pressure gauge
"_and then in-the galvanemeter will indicate that the

firing has been successful. .

jNote the maximum deflection of the galvanometer.

:;Release ‘the gaseg from the bomb through ‘the pressure
- release. valve. _  e . o

Carry out the avove procedure for estimating the )
~ correction ‘for -@onstant heat ‘gain and for calibration

with 0:7 g of Wenzoic acid,

Calculation of results'

Mass of henzoic acid : = _Wlsgram_

Calorlfic value of benzoic acid = 6.32 Keal/g ... .

Hedt;:glgase.£:9m“benzoic acid = = Wl x 6.32
Galvanometer deflection | - ’
wighpg; sample'_ o = Xl
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Deflection with bhenzoic-acid . = X2

Deflection only due to benzoic = X2 - X1 = X3
o acld
Calivration constant B = §:§3§§J£L
= ¥l

Lo

The mean of 10 calibratibﬁ‘cqnstants is calculated

w Y2
Mass of sample . o = W2 gm
Galvanometer deflection with’
sample = X4
Deflection only due to sample = X4 = X1
Heat release from sample = X5 x ¥2
XS X Y2

Calorific value of sample o= e



L 12 L J
REFERENCES

Brett, J.R. and T.D.D. Groves 1979, Physiolegical

| energetics. Ins Hoar, W.S., Randall, D.J. and
Brett, S.R. (eds). Fish Physiology, volume 8,
Pp. 279-352, N.Y. Academic press.

Rrody, S. -1%45, Bioenergetics and Growth., N.Y, Hafner
- Puh., 1023 PP

Cho, C.Y., 3.J. Slinger and H.S. Bayley 1982. Rioenergetics
of Salmonid fishes: energy intake, expenditure and
productivity. Comp. Biochem. Physiol., 73B: 25

Jobling, M. 1983. A short review and ctitique of metho-
dology used in fish growth and nutrition studiles.
J. FPish. Biol., 23: 685

Grodzinki, W., R.Z. Klevkowski and A. Duncan 1975. Methods
for Ecological energetics. Blackwell Scientiric
Publication, 367 pp.

Paine, R,T. 1971. The measurement and application of the
calorie for ecological probhlem. Ann. Rev. Ecol.

 System.., 2t 145-164,




qelhmoad  FAfRa -~

SUMMER INSTITUTE IN
" RECENT ADVANCES IN FINFISH AND SHELLFISH NUTRITION

11-30 May, 1987

~ DIGESTIBILITY OF FEEDS IN FISH AND SHELLFISH
" AND METHODS TO DETERMINE DIGESTIBILITY

M., VIJAYAKUMARAN

. Madras Research Centre of
Central Marine Fisheries Research Institute
Madras - 600 105

Digestibility of a feedstuff can be described as the
amount of feed that can be digested and absorbed by the
animal in relation to consumption. Digestibility is measured
as digestibility coefficient when it is expressed as
percentage and as digestible energy which is most often used
in warm water fishes, Knowledge of nutrient availability is
necessory for effective substitution of ingredients for
formulating low cost diets. '

Factors affecting digestibility

Digestive coefficlents are influenced by several
factors and do not remain constant for a given feedstuff or
species. Some of the factors affecting digestibility are:

=~ DNutrient composition of diet., This is a very.important
factor, Protein digestibility decreases with increase
in carbohydrate in the diet in channel catfish.
Similar observation made in some other fishes also,

~ Gastric evacuation time. Lack of time for complete
digestion and absorption which may result from
increased food intake may affect digestibility.
imogne of faod onnsumed doos nof affect protein
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digestion in fish but may have influsnce on
digestion of lipids and carbohydrates.

- Increase in meal size reduces absorption in many
fishes probably by reducing the surface agea of
the meal to be digested in comparison with small
food partigles.

- Crude fibre in diet. It has protective value for
other nutrients and also help in easy passage of
food through the alimentary canal.

«~ Microorganism in the diet.

= Temperature. Increase in temperature increases
digestibility in some fish (channel cat fish). In
carp, however, no change in protein digestibility
over a range of temperature that supports growth,
but digestibility reduces when temperature is
reduced below this range., '

- Species diversity

Nutrient digestibility in fish and shellfish

In general the digestible energy of fishes is 75-80%
of the energy consumed and 96-98% of this digestible energy
is metabolisable. Digestibility of proteins is affected by
the presence of carbohydrates, both in guality and quantity,
in £ish and shellfish. In Penaecus japonicus 93% of digestion
and ahsorption of glucose and galactose are completed in
midgut bhut only 76-80% of sucrose and glycogen are digested
and absorbed in this region. The process is completed in
the hindgut. Starch digestibility is very good in warmwater
£ish and prawns. In common carp 85% of starch is absorbed
2t a dietary level of 10-60%.




- 3 L 2 ]

bbst animal proteins appears to be highly digestible

in fish and prawns, as mch as 99% ot pmte.tu «o3n ha dlgested
in some fishes.

Lipid digestibility in fishes véries from 70-94%
depending on the nature of fat and water:temperature. Oxi=
dised lipids reduces digestibility of diets but oxidised
1ipids supplemented to the diets do not reduce digestibility
of proteins in c3rp. When dietary fat is low, yearling carp
secretes endogenous fats into the lumen of the intestine
gnd this may affect estimation of apparent digestibility.

In P. japonigus fatty acids are easily digegted when
esterified. | |

bDifferential absorption has also been observed for
minerals. In common carp calcium absorption-was more when
its level in the diet was increased £rom-0.09 to 1.24% while
- phosphorus was held constant. Mineral absorption is also
. affected by the mineral base used in the diet fcrmulation.

f-Determination of digestibility

Determination of digestibility involves measuring
- total quuntity of nutrientg ingested and the amcunt of
~ corresponding nutrients egested.

Amount of nutrients . Amount of nutrients

Digestibility &= injested egested

Amount, of nutrients ingested
I~ (P~Fy)

True digestibility =
: I

. Wwhere I = Intake, F = Fagces egested and F, = Endogenous
metabholic faeoea. "

2100
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Endogenous materials such as secretion from within
the 1ntestinal Lract, | 1oughed epithelial cekls and other

.materials of metabolic origin also may occur in faeces. It

is very difficult to measure such endogenous material and

hence apparent digestibility is usually messured gather than
true digestibility. -

Apparent digestibility can he measured by direct
faecal ccllection method or by indirect method using inert
marker or indicator which can be external {added to the
diet) or internal (integral part of the diet). Ideally, an
indicator should be totally indigestible and excreted at
the same time as the other gut contents. It should not
reduce palatabhility of food and should bhc readlly deter-
mined. Digestibility is determined indirectly by calcu-
lating the rate of indicator concentration in dry food
and the same rate form the test food.

% indicator % indicaior

Apparent digestihilitf = 100 - 100 in food }Cin faeces
of nutrients % indicator % indicator

in facces in food

The most popularly used indicator is chromic oxide,
Crzos. oOther indicators used are Polythene markers, radio-

‘active phosphorus (P32). silica, Hydrolysis Resistant

Organic Matter (HROM), Hydrclysis Reslstant Ash (HRA), crude
fibre, titanium (IV) oxide and metalic iron particles,

Faeces collection is very important in digestibility
estimations. Faeces should represent guantitatively the

- ingested resilduc of the food consumed., Main prohlem in

Lannae acllection is the leaching of nutrients in water,
Faeces ean T onllected by sacrificing the animal, wy

stripping the int.astine and from the rearing tank after
egastion,
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'_i. Direct faeces collection method

Materials needed.

- Specially desigried aquaria for faecea collection.
Troughs (closed system) can he used in its
ahsence but faeces should be colleeted
frequently if the latter is ned..

~ Reagents and equipments reqaired for protein.
lipid and carbohydrate determination.

- Hot air oven
- Feeding trays, polythene tubes for sinhon*ng
out the faeces, aerators etc.

Procedure

The feeding trials should be conducted for 10-15 days.
First the animals are to be acclimatiséd_to the rearing
. conditions and to the test diet. Before the start of the
§  experiment the animal has to he starved for one or two days
for complete gut evacuation., Feeding with test diets should
last at least 10 days and faeces should be_collccted at
regular intervals, washed with little quantity of distilled
water 1f the fish is reared in saline water, and dried in an
hot air oven at 60°C. After the completion of the experiment
welgh the total faeces collected and determine the nutrients
in dry faeces, _

Calculation I wF

—— X 100

Apparent digestibility = 1

where I = Nutrient intake and
F-= Paescal nutrient
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2. Chromic oxide indicator method

The experimental design is same as in dircct faeces
collection method. The test animals should be fed with the
test diet without chromic oxide for about a week hefore
start of the experiment. | |

Determination of chromic oxide content

 The method involves oxidation of organic material in
the sample using cohcentrated nitric acid followed hy oxi=
- dation of insoluble (green) chromium III in chromic oxide
to soluble {yellow) chromium IV, which is then determined
spectrophotometrically.

Reagents
« Conc, Nitric acid and Perchleoric acid

=~ Kjeldahl digestion tubes

=~ Heating mantles

- Gloves and Goggles for protection against acid
: fumes

-~ 5 ml graduated pippette with £illing bulbs

= 100 ml volumetric flasks '

- - Spectrophotometer

- QCuvettes.

Procedure

1. Weigh accurately 50=-100 mg of sample into a piece
of folil

2. Transfer sample carefully into a numhered Kjeldahl
£lask and reweigh the foil. '

3. Add 5 ml conc. HNO3 washing the sample down from the
saa2 Of the flagk,.
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4, Place the flask on a heating mantle and boil gently
for 20 minutes. Do not allow to hoil it dry, if it
is add more HNO3

5. Turn off the mantle and allow to cool.

6., Add three mi of perchlorie acid ta ﬂuk with care.

7. Boil in the mantle until colour changes from green
-to yellow orange or hrown and continue to hoil for
a further 10 minutes. _ _

8. Allow the flasks to cool = if the colour reverts teo

~ green it must be reboiled.

9, Cool the flask to room tenperature and then carefully
wash the contents into a 100 ml volumetric flask with
distilled water and make upto-100.ml.

10. Transfer an aliquote to a spectrophotometer cuvette
and. read optical density at 350 nm with distilled
water as blank.

. Calculation - 1

Weight of sample = A

Chromic oxide in the sample = OD of sample x?ggcszgﬁggiggz}{
OD of standard -
X
% Chromic oxide in sample = = X% 100
A

* Known concentration of chromic oxide should be treated
in the same way as the sample for standardisation.

Calculation - 2

Weight of sapple = Amg
Optical density = Y
¥=-0,0032
Weight of chromic oxide & eerme——— =X
in sample {(mg) 0,2089
: X

% chromie oxide in sample = - X 100
A
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| .DETERMINATIONxbrjMETAaQLIc.RAras'ANn QUOTIENTS IN FISH = . - -

. M. PEER MOHAMED
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L _ Before any growth can be achieved by an organism ;T
| there must be sufficient energy in the food to provide for .
the metabolic demands of maintenance and any activity asso- -

ciated with food intake. In culture practices it is possibler-:i:7

to reduce these enerqy . costs to a minimum and to optimize

food conversion.. .This can be done through an understanding
Iof the environmental and biological factors affecting meta--
bolic rate with a view to reduce the demands on the system_:

and hence increase the production, It is therefore desirable -

to examine the broad picture of energy exchange within an
animal, then proceed to more specific considerations in fisgh.
Since it is the principlee?and'prospeCtsﬁﬁhich are of major
intercst here, no attempt is made to make this a major review
of the subject. '

A general balance sheet of the biological uses
 (profits) and 1oseeelassociated“ﬁith the conversion and uti-
- lization of energy by fish can be prepared by using the
available sources of information. Starting with a given
- intake of 100 calories, an average of 80 calories remaining
. from assimilation as net enerqy available for bioclogical
‘use. If the metabolic’ demand is low, nearly 50 calories
2 méy be converted into growth. If the metabolic demand from
. activity is high, all 80 calories may be involved in total
- metabolism. The sources of energy loss (20 calories) are
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:feces,_urihe+NH5 and heat-increment.

N Metabolic rate/power, or the rate of expending -
;fenergy. has usually been measured by determining the rate E

 of oxygen consumption of fish at various levels of activity.HCQfl"

‘It should be stressed that the assumption implicit in all.
.such measurements is that a state of equilibrium exists_"
between oxygen demand -and supply.

In practice, basal métabolism is defined as the
minimum energy cost when the animal is at rest in a '
temperature acclimated environment in the post-abéorptiVe ‘
condition. The possibility of obtaining absolute rest. has

been questionud frecquently for animals subject to excitemcnt;:f

from handling. This has led to the use of standard meta--_j
bolism which is usually measured after 24 hours of fasting,
during thg sluhp of any diurnal metabolic cycle.

adctive metabolism is the maximum rate consistent
with the highest continued level of activity.

Routine metabolism has been used to express the .
average oxygen consumption of fish which are moderately
active, It forms a closer approximation of normal demand
because fish are neither continuously resting nor
continuously moving.

Many factors influence the metabolic rate, The
abiotic factors are temperature, salinity, oxygen, carbon
dioxide, armonia, pH, photoperiod, season and pressure, and
the biotic factors are activity, weight, sex, age, group
(schooling), 0, debt, condition, starvation and diet. . To
illustrate the multiplicity of involvement between metabolic
rate and environment it is apparent that within the bounds
of rnowledge the factors of temperature, oxygen and activity
exert the greatest effect on metabolisme«in unpolluted
waters.
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Even oxygen at 100% air saturation may act as a

factors of" ‘temperature and activity are high tt is perhaps ?-ffﬁf
'surprising that salinity coes not appear to have more effect  ;;i
on -reducing metaboliec rate since- it might be expected that the.”“:
-'lack of ions in freshwater wculd impose a fair energy demand :
"~ to. maintain. osmotlc balance. on this basis it may ‘be. pre=-
::dicted that’ except in the estuary any advantage which the
‘marine. environment might confer on growth, through the
~energy-saving mechanism of reduced osmoregulation, would be
small, '

Activity has a tremendous effect on metabolism, _ Lo
'-frequcntly elevating the oxygen uptake by a factor of 4 times ;gﬁf%
at optimum temperatures and reaching a maximum of 8 times )

in some fish species._ In the case of active metabolism,{
undernourished, unexercised, disease-inhibited. sluggish

or lazy fish could reduce the potential level. However¢:t
excitation and oxygen debt replacement (cnless depressed by

. excesgsive waste prcducts) make large:demands-on metabolism.

| since the ventilation of the gill chamber could be the limi-

ting factor, and free swimming rather than just opercular :
movement can facilitate ventilation, the circumstances within .

the respirometer must not be overlooked.

The gill system of fish is remarkably efficient,
working on the counter-current principle and capable of '
removing 80% of the-dissolved oxygen. When there is excess
oxygen {respiratory independence) no limitation to activity
is imposed. Below this level of excess, active metabolism
is dependent on oxygen availability (reéspiratory depenéence);
where standard metabolism becomes dependent, any continued
activity will result in death from irreplaceable cxygen
debt (level of no excess activity).
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| - ‘More recent manifestations of interest in fish

x:ametabolism studies are apparent in the various tests on
-_stamlna,'using water tunnels, flumes, or rotating circular

troughs - the nearest cquivalent of the. step-test or _
bicycle ergometer for man. The step that was necessary to

- relate metabolism and performance was to. conduct experiments ff
'where swimming speed could be accurately documented while -

determlning the. accompanylng the stable respiratory demand

for oxygen; In recent years, the apparatus commonly used for -

metabolism studics are Fry's respirometer and Blazka's
respirometer.

The Fryfs respi:ometer is a modification of the

annular respirometer of Fry and Hart (1948) and of Smit

(1965). The earlier respirometer (Smit, 1965) had a concave
transparent plastic 1id covering the annulus of the chamber

end did not provide an effective seal against:diffﬁeion of .
gases. The pfesent‘one is modified-in,that’its top_is}covf.'-'
ered by a transparent plastic sheet with only two wells:
opening ebove.' Fitting these wells are two plastic cups

with a hole at the bottom in each. These wells alone offer

open surface to the exterior.. The design of the respiro- B
meter is such that the diffusion of gases into and out of theﬁ*"
respirometer is minimized. The activity of the fish is

.recorded by the electronic counter which is a part of the

respirometer assembly. When the f£ish moves in the annular
chamber it interrupts the light beams focussed on the photo-

~cells, and these cvents are recorded in a counter. An

interlocking system is provided so that, when the fish
obstructs the same light. consecutively, the second and the
following events will not be recorded for counting, unless
ctherwise the other light is interrupted in between the two
events to actuate the counter. Thus mal~operation due to
minor events such as the flick of tail or head, is avoided.

More details of the apparatus are given in Kutty et 2l.(1971).
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. _ ~Blazka's respirometer (Blazka et el., 1960) consistsffe -
'::?emeinly of two concentric transparent (Perspex) cylinders.
nvione fitted inside the .other, A propeller is fixed on one: -
' sidé and. a shocker grid on . the other side._ The propeller ”Ldf
i-'afls fixed to rotate just inside the inner cylinder.- The -
rotatlon of the propeller induces a water current inside
f'- the inner cylinder. The water circulates back to the”
e propeller-end through the clearance between the outer and
inner cylinders. Water currents in required velocities
- could be obtained with the help of a voltage regulator
connected to the motor. The apparatus is so designed’ that
water can flow in and out of the respirometer (open system)
or can be left to stagnate (closed system) when the figh iso
being exercised depending on the experimental needs. The - &

shocker grid serves two purposes, viz., one of closing the'_:
inner cylinder without letting the fish escape fc'the'outer'
cylinder and the other of preventing the fish from resting
- on it, When a fish rests on the grid the exposed: wires
become connected and a circuit is established resulting.in
'a shock to the fish. Unless a fish is unable to swim due to’ _
low ambient oxygen or is really fatigued'it ﬂill not reetron P
the grid. | | L

Metabeolic¢ rates can be estimated by simultaneooe-
measurements of rate of O, consumption, Co, output and
NHB-N excretion, "Anaerobic metabolism and its link with
protein utilization can also be estimated from concurrent
measurements of R.Q. and A.Q.

Volume of CO2 produced

R.}. (Respiratory Quotient) =

Volume of 02 consumed -

Volume of NHj—N excreted

Volume of 02 consumed

A0, (Ammonia Quotient) =
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; .Under high ambient oxygen concentratlons R.Q. noar ST
: 'unity will be- .maintained by the £ish, which indicates that Fo
\ ‘fﬁthe fish wa$ drawlng enerqgy aeroblcally or maintalnlng
. acrobic metabolism. If the R.Q. goes above '1' which -
__'iindicates the anaerobic energy utilizatlon. There are . o
. ﬁf.instanees (during ‘hypoxia) where the increased’ carbon dioxide?f
'f?;'productlon is combined with increased ammenia- excretion.;g--"\
:'fThis may be of 2dvantage to the fish in ac1d-base regulatlon |
_(preventing acidosis) and iono-oamotlc regulation (conserva-"“J

tion of Nat Jo It is pOSsible that non<ionic emmonla is ex-;f-
tcreted by passive diffusion down - a concentration gradient |
across the gill ‘surface . from blood to water, and the act1~
'vitles of glutaminase and glutamic ac1d dehydrogenase are o
high in fish gills. However, the ammonia source could" ben'
. peripheral or otherwise. '

_ . The discussions made at present although provides”":'__
. some insight into the importance of'physiological aspecte-"*x"“

"'-especially rmetabolic rates and quoticnts in f£ish, more '_

information is necessary to elucidate the metabolic’ and

behavioural responses of more species in.view of their

importance as cultivable warmewater fishes. HOwever, the

involvement of environmental interaction is not a deterrent

to progress but a measure of the complexity to be met.
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FEEDING STRATEGIES IN THE LARVAL REARING OF PRAWNS

. A R, THIRUNAVUKKARASU
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Marine Prawn Hatchery Laboratory
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INTRODUCTION

In the early life history of extremely fecund fishes
and shellfishes food and fecding is the most important factor.
Availability adequate right kind of food in the growing
environment is essential for the survival and growth of the
larvae. Because of the complex life history of prawns with
different larval stages and sub-stages.and the process of
metamorphosis requires lot of energy, identification of
suitable feed and feeding techniques becomes very important
in the larval rearing of prawns. In recent years significant
achievements have been made in the development suitable diets
and evolving feeding strategies in the prawn hatchery techni-
ques worldwide. Though a general agreement could be seen
in the type of feed, experiences gained indicate that it is
not =asy to evolve a fixed strategy in feeding the larvae
as it varies according to the techniques followed various
other physico-chemical environmental and biological factors.
However, the following general outline may be considered in
adopting the feeding stratesgies in the penaeid prawn larval
rearing.
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FOOD AND FEEDING OF THE LARVAE

~ Different type of feed such as live feed (phyto
and zooplankton) and artificial feed are being'uaed in the
larval rearing of penaeid prawns. The phytoplankton
generally include the species of Chaetoceros, Skeletonema,
Thalassiosira, Tetrasulmis, Isochrisis etc. in the early
stages of the larvae. Zooplankters such as the brine
shrimp Artemia nauplii, Rotifers (Brachionus sp.) and
cladoceran (Mcina sp.) are used as live diets from mysis

stages, Microencapsulated and microparticulated compounded
feed are also used in recent years,

Penaeid prawn egg hatéhes out into Nauplius stage
which undergo six substages before metamorphosing into the
next protozoea stage in 2 days period. Nauplius does not
have move or alimentary canal and cannot feed and subsists
on yolk material present in the body.

Protozoea stage has three substages and lasts for
3=-4 days before metamorphesing into mysis stage. The larvae
in this stage have an alimentary canal, mouth and feeding
appendages and starts feeding on the unicellular algae.

It has an efficient mechanism to seive the algal cells from
the water. | |

Mysis stage also has three substages lasting for
3-4 days period after which it metamorphosis into postlarval
‘stage. In mysis stage also the larvae retain the filtering
- mechanism for feeding on algal cells. The clams in the
first three walking legs are not functional and cannot be
used effectively for capturing fast moving prey.

In the post larval stage, the food and feeding
habit changes drastically. The larvae becomes a particulate
feeder, capable of capturing and ingesting zooplankton and
other particles. It is essential for evolving a suitable
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feeding s;pategy this food and feeding behaviour of the
larval stages should be duly considered.

LARVAL REARING SYSTEMS -

The feeding strategy mainly depends upon the methods
followed and the following are the important rearing systems
f practiqed worldwide in penaeld prawn larval rearing.

- The Japanese syétem:

In this system large concrete tanks of 60~200 tonne
f capacity are used. Tanks filled with fi;tered seawater in

i low level (about 0.40 m) and spawners are kept in net cages
. for spawning. After spawning the spawners are removed. The
" tank is fertilized with nutrients and the water level is
gradually increased. The desirable algal blooms are allowed
- to develop in situ . The cell concentration is maintained

- @ 5,000 to 20,000 cells/ml in the rearing tanks. From

- mysis stagé onwards larvae are fed with Artemia Nauplii

~ or washed clam meat to postlarval stage. The rearing
techniques have been well documented by various authors
(Hudinaga and Kittaka, 1966, 1967; shigueno, 1975; Yang,
1975). In Taiwan also this technique has been successfully
used (Liao and Huang, 1973). In Philippines and some of

the private hatcheries in other parts of the world also

this system is being practiced. |

The Galvaston system:

A close cycle system for the larval rearing of
penaeid prawns was developed in Galvaston Laboratory. USA
(Cook, 1969; Mick and Murphy, 1973; Mick and Neal, 1974).
This involves the independent process of larval rearing
and live feed cultures and suitsble integrating the two with
proper water management. Desirable species of pure culture
of diatoms especially unicellular algae are used as feed
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. for protozoéa stages, maintaining a COncentration'offlo,Oﬁoo

' t0 15,000 cells/ml in the rearing medium. From mysis stage”ge?

‘onwards Artemia nauplli are fed and a concentrat;\.on of 3~ 5
';fnos/bl is maintalned as food concentration in the rearing
--container._ '

Methods followed in India:

In Indla the CMFRI has developed a viable hatcherygi_off
'technique for the large scale seed production of penaeid. IR
prawn seed under Indian conditioms.:. The technique 1nc1udes'
-feeding the larvae from protozoea stage onwards-with”mixed '

"~ culture of diatom, dominated by'ChaetocerOS'Sp.'upto'post—
larval stage after which the larvae are fed with compounded',
'micropartlculated feed. This system is found to be success-}o

ful in rearing almost all the cultivable penaeid prawn qpeC1es_ﬂ

under Indian conditions. The water quality is malntalned o
:by suitably changing the water. Food concentration of KRR
diatom is maintained @ 20,000 to 30, 000 cells/ml (Silas R
et al., 1985).

 Addition of dry formula feed developed at the
MPHL, Narakkal, in the larval rearing tanks also;gévo7
encouraging results by developing suitable ecosystem in
the larval rearing tank. The particle size of the compounded
feed and the quantity is adjusted to the recquired level. '
(Mohamed et al., 1983). | |

In the regular commerczal hatchery Operations at
Azhikode, in Kerala ground tissue of mantis’ shrimp is used
as feed in suspension form. This foed addition in outdoor
rearing tanks serves the purpose partly as feed and helping
adequate algal blooms in the rearing tank (Alikunhi et al.,
1980} .
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.;:Quality of the Feed o |
- The feed supplied should meet the nutritional

'requirements of the: larvae and should be available in the Coe T

rearing medium adequately continuously.

| "In the larval rearing procedures where the larvaeff'
are fed_with pure cultures or mixed cultures of diatom the .

culture should be in the developing phase. Exponential - - T

phase or declininq phase cultures often deteriokatee the
water quality in the rearing contalner. by immediate break~

down of cellsg and thereby accumulating the organic 1oad inf;z;;“-:k

the tanks., ' The larvae could not feed. Under this circum-fii?"
stances, especially during night hrs. mass mortality is
encountered mainly due to oxygen. depletion.l

'In the case of compounded feed freshly prepared are
desirable, Long stored feed should be tested before used
for nutritive value and toxins before feeding. )

Quantity of the feed

Normally in quantifying the feed to be supplied in-
the aquaculture systems the biomass is considered. But in
the larval rearing the larval concentration, the general
conditions of the larvae the quantities of food in the
rearing medium, the food concentration of the source, water
quality, other environmental conditions such as light =
intensity, photoperiod, temperature are to be considered in
determining"the-quantity'of the feed to be supplied. |

In the feeding of phyto cultures under Indian{
conditions normally 150-200 litres of phytoplankton/day (of
the concn. of 2-3 lakhs cells/ml ) is recommended for 2
tonne capacity rearing tank with 150-200 thousand larvae.
However, this quantity has to be adjusted according to
the conditions already mentioned (Silas et al., 1985) .

L]
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Artemia nauplii feed is given at the rate sufficient

"ffenough to maintain a concentration of 3 5 noaﬁml in the

“rearing tank (Murphy, 1969). Rotifer is fed at the rate of

5100 nos/postlarvae/aay. Frozen cladoceran- Moina is provided Y
- as food for the postlarvae ® 20 nos/larva per day.

In the outdoor tanks 12-25 gm/day for a 2 tonfie
' -cepacity rearing tank is suggested dosage for post-larVal
_'feedlng (Silas et al., 1985). '

Size 6f'the feed

Cansidering the feeding habits of the larvae, the
J”gppropriéte size of the feed supplied is important-fortf:-_f°
successful rearing. -Over the'years much efforts were. put '___
in this field. The feed should be a reasonably appropriate
size so that the larvae can ingest. Diatom of 5«10 micron_
(Chaetoceros P ) is desirable especially in the early
stages. ' Rotifers used in the mysis stage or postlarval

stage range from 150-250 microns in size. Mysis/postlarval
diet Artemia néuplii is about 400 micron., Postlarval feed N
like cladocerap Moina is ir the size range of 0.70 to 1.2 mm,

The microencapsulated end microparticulated diet
developed for various stages of penaeid prawn also of this
size. Hence in any feed development and feeding strategy
the size of the feed also to be considered.

]

Feeding.time"

Supply of quality of feed in optimal concentration
is important step. Unlike the adult where feeding periodi=-
city is exhibited in most of the cases, the larvae are
continuous feeder and hence fall for continuous food abundance
in the rearing medium for aveoiding starvation.

Dispensing the required.food and desired concentra-
tion continuously is most désirable but practice not
possible., Hende, the raticning'can be adjusted 5-6 hourly
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_Iintervals in the feeding schedule.

\-;'

*7ﬂater quality . | . . _
.f The feeding strategy should give due consideration
for the ecological requirement of ‘the larvae._ It has been
observed -that in the rear}ng containers the permissible ft
range are as follows (Sllas et al., 1985) ' o

'Salinity S 29-34;ppt
Temperature .. 27-32°C

pH . .. 8-8.5 )
Dissolved oxygen: 4.0 to 8 Oml 02/1 _
Ammonia . .. <{0.1 ppm
Nitrite LoLee < 0. 05 ppm

. Light. intensity .o 2000-1 25 ooo lux.
(dutinyg day time) S .
; - Since, the feeding quantity especially in outdoor
tanks by the interaction of environmental: factors tends to
- create unforeseen developmente care should be .given to
maintain the above said water cooditions in the rearing
container. ' R e ' ’ '

[ . . P o L . Wb .-
. .. . L el HLA
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It is an established fact that the phytoplankton

~ forms the primdry ot hasic faod:of almost all the larval

' orgariisms of molluscs and fishes. _In tho natural environment,
' the larvae feeds on the phytoplankton available in the

. environment. In.a hetcheryq we have to isolate these orga-

, nisms after identification and test them whether the feed is -
 acceptable to the rearing larvae. Moreover, these organisms

; should have high protein content and they have to be
maintained in good. condition as stock cultures using various
culture media and then supplied to the hatchery in required
quantities.

CULTIVABLE SPECIES”

_ Realising the importance of diatoms (Skeletonema
costatum and ggaetoceros SPP.) as the essential food of the
prawn, larvae and phytoflagelletes as.the food of the bivalve

of stock culture end masg culture is imperative in the
hatchery system throughout the world. The bilvalve larvae
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can in”cs* nouhing larger than 10 microne and appear to rely
for food on nannoplankton’ flagellates helonging to the algal
'c1asses“Hapfbphyceae and .Chrysophyceae. Isochrysis galbana,
a member of Haptophyceae. has proved to be the ideal |

© flagellate-food for the rearing operations of both pearl _
and edible oyster larvae. Apart from the different ‘strains
of Isochrysis, speciles. of Pavlovg. Dicrateria and Chromulina
were also found to he ideal food to the bivalve larvae
during rearing operations. Ty

Isom'rION

Isolation of .the required organisms can he done hy
the following methods :

1. Pipette method: Large .organisms can be pipetted out
using a micro-pipette and transferred to culture tubes
. having suitable culture media.

2. Centrifugd 'or washing methods . By repeated centrifuging
- of the .sanmple and by inoculating the deposit. we may get
different organisms.. - '

3. By exploiting_the phototactic moyements: By this method,
) \ﬂmost ‘of” the phytoflagellates can’ hé -isolated. The water
Sample in & heaker is kept inside a dark chamher having
oa hole at one corner. A candle is" placed near the hole.

" since the flagellates have ' tendency to move towards
ilight. théy will come to the gurfade near to the candle.
By pipetting, we can separate these organisms and by
tube culture method. theyﬂgan:be,;aised to a pure culture.

4. By u gg agar or agpr plating methods For preparing the
"agar medium. 1.5 gm of agur is added to 1 litre of
:suitablc medium or even hhtura} seawater. This agar

'a_lut*4“ lu ,teri 1zed in an autow-elave for 1% minutes

o Unﬁ»f ﬁo) *hs presaure and 120°c temperature.” This’

T
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- medium is poured in sterilized petri-dishes and keep for
24 hours.- ‘

The required species to he isolated, can he picked
up by a platinum needle or platinum.loop,. under microscope
and gtreaked on the syrface of agar plate. After inoculation,
these petri-dishes are placed in an incuhation chamber for
7-8 days providing constant light ( 1 k lux) and temperature
(25°C), Within this period if the required species, has
‘grown into a colony, .it is xemoved by a platinum loop and
'transfe:red to culture tubes. Further, from the culture -
‘tubes to small culture flasks and larger conical flaSks. the
algae can he cultured on a mass scale.

‘5. Dilution culture method: For the isolation of required

' specles of phytoflagellates, the serial dilution culture
technique is employed. . In this method, mainly S
Ailution steps (the 1nocu1a corresponding to 1, 10
1072, 1072 & 10™%) or 4 stepe 1, 107}, /1072 & 10™%) are
required for the isolation of the flagellates

(Soul‘.'nia. 1971) .

After filtering the seawater through 10 microne
seilve, the flltrate is inoculated to 4 series of culture
tubes in various concentrations and kept under constant
light ( 1 k lux) and temperature conditions (25° c). |
After 15 days, one can ohserve some discolouration af the
culture tubes. On examination, the growth of a unialgal
species could be noted in these tubes., Further puri=
fication of these organisms can he done by sub~culturing

 the same in 250 ml, 500 ml and 1 litre conical flasksa.
Finally if the culture is fully purified, it is trans-~
ferred into 3 litre or 4'litre Haufkin culture flasks as
stock culture.
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CULTURE MEDIUM

For the successful culturing of micro-algae various
chemical solutions have been recognised depending on the
_organisms, class and genera.' Although all micro—algae are
photo-autotrophic and cdn grow in purely 1norganic media,
many require organic compounds, the requirements ‘of ‘which
may he either ahsoluté or stimulatory. Usually, for
dhitufihg'ﬁhe:miéro~algae; Sehreiber's medium or Miquel's
medium were used in earlier days. However, ‘for -culturing
the f£lagellates, Conway or Walne's medfum is used for the
maintenance of stock culture as well as for mass culture,
Since this culture medium cdntains the chemicals, trace
metals and vitamins (Bl. B ) required for the micro-algae,
the flagellates are being cultured by using this media alone-
(Gopinathan. 1982).

TDENTIFICATION

For maintaining the nannoplankters and flagellates
as stock culture, first of all.these organisms have to be
identified and isolated. By noting the cell structure,
shape of the cell, nature of cell walls, numher of flagellae
and movement of the. organisms, the favourahle ones can be
identified. ' Must of the Haptophycean and Chrysophycean
flagellatas ‘are having ‘golden 'yellow colour, measuring less
than 10 micronés, round or oval shaped, with 1=3 flageéllae
and having wavy or rotatory movements. Sildicified cell walls
are the characteristic feature of diatoms while ‘the flage-
llates are having cellulose cell walls. Further. a pre—
liminqry'trial by feeding in a 10 litre Peaker should be
conducted to test whether the iqo]ated organisms are accept-
ahle to the rearing larvae.'
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~ STOCK CULTURE MAINTENANCE

Stock cultures of all the micro-algae are maintained

- 1n a special'rodm’having uniform temperature.and light

. conditions. The cultures are kept in:3 or 4 litre Haufkin
culture flasks, .The autoclaved or heated scawater after
:cooling is poured to the culture flasks and required nutrients:
~are added., Walné's medium enriched with vitamins is the '

| 1deal one suitable to maintain the stock of all the
§flagellates. About 10 ml of the inoculum in the growling

' phase of the culture is transferred to the culture flask and

- placed in front of two tube lights. For-ahout 5-6 days,
these flasks were kept exposed to two tube lights and when the
- maximum exponential phase has reached, only one tube light

- is needed for further growth., The time required to reach

- the maximum cell density will vary depending on the species.
jHowever, it was noticed that all the Haptophycean flagellates
-required 2 weeks for the ¢ompletion of growth phase hefore
-entering into the stationary phase., In the stationary phase,
-the flagellates can he kept for a period of 2 months in the
‘stock culture rcom under controlled condition of light and
?temperatu;e._with:or without aeration. A maximum of

.5 Haufkin culture flasks required for keeping the stock
culture of selected species. Periodical check-up is
‘necessary to verify that the culture has not bheen contaminated,
At least once in a month, all the species should be re-
cultured to ensure viabllity and for better survival.
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INTRODUCTION

It is an establiahed fact that the phytoplankton -
_forms the primary or basic food, of almost all the larval
organisms of mo],luscs and fishes, In tho natural environment.
the 1arvae feeds on’ the phytoplankton availaple in the
environment. In a hatchery, we have to isolate these orga=-
nisms after identification and test them whether the feed is
acceptahle to the rearing larvae. Moreover, these organisms
should have high protein content and they havé to be
maintained in good condition as stock cultures using various
culture media and then supplied to the hatchery in required .
quantities.

CULTIVABLE SPECIES

Realising ‘the importance of diatoms (Skeletonema
costatum and Chaetoceros spp.) as the essential food of the
prawn 1arvae and phytoflagellates aF the food of the hivalve
"larvae, the process of isolation. idEntification. .maintenance
of stock culture and mass culture is imperative in the
hatchery system throughout the world. The bivalve larvae -
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‘can ingest nothing larger than 10 microne and appear to rely

for fcod on nanncplanktcn flagellates belonging to the algal
Classes Haptophyceae and Chrysophyceae. Isochrysis gal ng.
a member of Haptophyceae has proved to be the ideal

- flagellate food for the rearing operations of both pearl
and edible oyster larvae. Apart from the different strains
of Isochrysis, species of Pavlova, Dicrateria and Chromulina
- were also found to he ideal food to the bivalve larvae
during rearing operations. |

ISOLATION

Isolation of the reQuiréd’organisms can be done by

the following methods:

l.

2.

4,

Pipette method: Large organisms can be pipetted out
using a micro-pipette and transferred to culture tubes
having suitable culture media.if' I .

Centri uge or washing method-_ BY repeated centrifuging
of the sample and by inoculating the deposit. we may get
different crganisms.

By exploiting the phctotactic mcvementsz By this method.
most of the phytoflagellatgs can he isolated. The water
sample In a beaker is kept inside a dark chamber having

a. hole at one corner. A candle is placed near the hole.
Since the flageliates have a tendency to move tcwards
light, they will come to the surface near to the candle.
By pipetting, we can separate these organisms and by

tube culture method; they can he raised to a pure culture.

By using agar or agar plating method: For preparing the

agar medium, 1.5 gm of agar is added to 1 litre of
suitable medium or even natural seawater. This agar
solution is steriljged in an auto=clave for 15 minutes
under 150-1bs preggure and 120°C temperature. This
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- medium 1s poured in steriliéed petri=-dishes and keep for
. 24 hours,

_ The required species to he isolated, can he plcked
up. by a platinum needle or platinum loop, under microscope

- and streaked on the surface of agar plate, After_inoculation,

. these petri~dishes are placed in an incubation chamber for
7-8 days providing constant light ( 1 k lux) and temperature
(25°C). Within this period if the required species, has -
- . grown into a colony, it is removed by a platinum loop and

f transferred to culture tuhes, Further, from the culture--v55if : 
" tubes to small culture flasks and 1arger conical flasks, the SN

- algae can bhe cultured on a mass -scale,.

Dilution cu;turé méthod: ' For the isolatioﬁ”oflréquiréd

specles of phytoflagellatea, the serial dilution culture -

technique is employed. In this method, mainly 5

dilution steps (the inocula corresponding to la 10 s
=2 1, 1072 & 107%) are

-1
10" %, 10”7 3 & 10™%) or 4 steps 1, 10

required for the isolation of the flagellates
(Sournia, 1971). ‘ f : -

o Afte: filtering  the seawater thraugh 10 microne .
seive, the filtrate is inoculated to 4 series of culture
tubes in various concentrations and kept under_cbnatant.'~
‘Adght ( 1 % lux) and temperature conditioms (25°C). = -
After 15 days, one can observe some diacoloufation af theée
. gulture tuhes.  On examination, the growth of a unialgal
species could he noted in these tubes; Further purl-

fication of these oxganisms can he done hy suh-culturingi-_' ‘

the same.in 250.ml, ‘500 ml and 1 litre conical f£lasks.
Finally if the culture is fully purified, it is trans-
ferred into 3 litre or 4 litre Haufkin culture flasks as
stock culture. |
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- CULTURE MEDIUM

For the successful culturing of micro-algaeqvarious
chémdéai-sorutions have been recognised depending on the
organisms, class and. genera., Although all micro-algae are
- photo=autotrophic and can grow in purely inorganic media,.
many require organic ‘compounds, the requirements of which
may he elther-absolute or stimulatory. Usually, for
culturing - the micro-algae, Schreiber's medium or Miquel's
medium were used in earlier days. : However, for culturing
the flagellates, Conway- or Walne's’medium is-used for the -
maintenance of stock @ilture as well as for mass culture.
Since this culture medium contains the chemdcals, trace-.
metals and vitamins (Bl' B ) required for the micro-algae,
the flagellates are being cultured by using this media alone -
(Gopinathan, 1982).

' IDENTIFICATION

For maintaining ﬁhe'hanqéplanktersiagd flaéellatés
as stock culture, first of all these organisms hayguto.be
identified and isolated. By noting the celi'sﬁfucture,
shape of the cell, rature of delli walls, numher of flagellae
arnid movement of the organisms, the favoaurahle cnes, can be
identified. -Most of the Haptophycean and Chrysophycean
flagellates are having golden yellow colour, measuring less
than 10 rilcrones; round or oval shaped; with 1-3 flagellae
and having wavy or rotatory movements. Silicified cell walls
are the chardcteristie. feature of diatoms while the flage-
.llates arde having cellulose cell walls. Further, a pre-

. Jaminary trial by feeding in a 10 litre heaker should be
conducted 'to test whether the isolated organisms are. accept~
-ahle to the réaring Yarvae, '
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STOCK CULTURE ‘MAINTENANCE

Steck cultures of all the micro-algae are maintained

| in a special room having uniform temperature and light

: conditions. The cultures are kept in 3 or 4 litre Haufkin

" culture flasks. The autoclaved or heated seawater after
cooling is poured to the culture flasks and required nutrients
- are added., Walne's medium enriched with vitamins is the

. ideal one suitable to maintain the stock of all the

~ £lagellates. About 10 ml of the inoculum in the growing

. phase of the culture is transferred to the culture flask and

. placed in front of two tube lights. For-ahout 5-6 days,

these flasks were kept exposed to two tube iighga and when the
- maximum exponential phase has reached, only one tube light

is needed for further growth, The time,;equired to reach
éthe maximum cell density will vary depending on the species.

. However, it was noticed that all the Haptophycean flagellates
required 2 weeks for . the completion of growth phase before
-entering into the stotionary phase. In the stationary phase,
tthe.flagellateg can he kept for a period of 2 months in the
‘stock culture rcom under contrplled condition of light and
temperature, with or without aeration, A maximum of

%5 Haufkin culture flasks required for keeping- the stock
‘culture of selected species. Periodical check-up is
‘necessary to verify that. the culture has not been-cpntaminated.
At least once in a month, all the species should he Xew,
cultured to ensure viability and for better survival.
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INTRODUCTION

Large=gcale culture of micro-algae especially nanno-
rlankton flagellates and selected species of diatoms aré _
necessary for feeding the larval forms of mollusc¢s or fishes,
in a hatchery system. Since the bivalve larvae can feed on
organisms measuring less than 10 micrones, these forms have
to be isolated from the seawater and maintained azs stock
culture. Utilizing the inoculum, mass culture can be carried
out in the laboratory conditions as well as in the open
system,

Culture containerg‘

The containers that can be used for the laboratory
mass culture of the micro~algae are 10 litre polythene hags,
20 litre glass-carbuoys as well as 100 litre persepex tanks.
These containers are kept in wooden racks provided with
aeration and light facilities. Fully grown culture from the
stock culture is used as inoculum for the mass culture in
these containers, About 200 ml of the culture is used for
10 1 polythene bags, 500 ml for the 20 1l glass carhuoys while
2 litre of the culture is used for the 100 litre persepex
tanks. Aftor the inoculation, on 5=6th day, the culture
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will reach in the optimal growth phase and ready for supply
to the hatchery. Leaving one litre of the same culture in
the 20 1 glasslcarbuoy, fresh enriched water can be added
for the further mass culture in the same container.

CULTURE MEDIUM

Conway or Walne's medium (Walne, 1974), PM and TMRL
medium are used for the mass culture of flagellates and other
nannoplankters in a hatchery system (Gopinathan, 1982). For
the mass culture of flagellates, the vitamin mixture is not
 necessary.

During the course of the larval rearing of oysters
or any other bivalves, the flagellates forms the hasic food
upto the stage of spat. However, for the better growth and
survival of the spat, the food has to be changéd’from
flagellates to a mixture of diatoms and other namnnoplankters.
For making a culture of the mixed phytoplankton in the open
area using direct sun=light, the following medium could be
used in a one ton capacity fibre-glass (white colour) tank.

Potassgium nitrate ee 12,0 gm
EDTA (Na) ee 6,0
Sodium ortho phosphate .s 6.0 "
Sodium sillicate .o 6.0 "

{Sodium silicate dissolve separately in 50 ml of dist.
water)

To 100 litre of fresh filtered seawater ({(fresh
seawater can be filtered through No, 3 organdy cloth to
remove zgooplankton) 1/10 of this medium is added. The water
is poured in 2 or 3 white-lined basins or fibre-glass tanks
~and kept in bright sun~light. Within 36 hours, a slight
Gisz33lowation ean be noted on the sides of the bhasin. On
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examination, we can notice a mixture of planktonic diatoms
and other nannoplankters. If the temperature is very high
and sunlight_is—very.bright, only the blooming of Chagtoceros
spp. could be observed.

Besides the above mentioned chemicals which serve as
‘ nutrients, commercial fertilizers can be used for the mass

- culture of namnoplankters (eg. Chlorella) in open tanks on
a economical basis. The media used for the oyen'culture of
Chlorella are: - '

Urea 46 rae 10 mg/l

16~20~0 ves 10 mg/L
T (PK) |

20"0"‘0 [ RN 100 M/l

GROWTH PHASES OF ALGAL CULTURE

The usual way of the laboratory culture of the micro-
algae is one in which a limited volume of medium containing
the necessary inorganic and 6rganic nutrients is 1inoculated
with arelatively small number of cells and these exposed to
suitable conditions of light, temperature and aeration.
Increase in cell numbers in such a culture f£ollows character-
istic pattern in which the following phases of growth may |
usually be recognised:

1. Lag or induction phase: The cells taken from the stock
‘culture and inoéulated to a new flask have to acclimatise
to the new medium. So there is no cell division for a
few hours and this phase is known as lag or induction
phase.

:2. Exponential or growing phase: Once the cells are accli-
' matis.d to multiply and grow rapidly. It is assumed that
within 1z-24 hours, one cell will divide into 2 and
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further these cells carry the growth till the culture reaches
its maximum concentration. This growing phase is known as

exponential phase,

3.

4.

5.

Declining phase: Once the cells reach maximum concentra-

‘tion, the growth and multiplication of the cells will be

arrested and slowly the cells show the symptoms of
decline., This arrested growth of the cells in the culture
is known as declining phase.

Stationary phase: After the arrested growth for a few
days the culture will be stationary without any further
growth and multiplicatiop of the cells. Actually,

- stationary phase is prolonged in the case of flagellates,

They may develop some cover or cyst around its body for
thriving the unfavourable environment. During the
stationary phase, if the cells get a new environment,
they may start further growth and reproduction.

Death phase: 'After a long period in the stationary

phase, the cells may lose its viability and start to
die and thus culture will become useless either for

re=culturing or for feeding.

DETERMINATION OF ALGAL DENSITIES

Regular count of the algal cells must be made in

ordér to schedule inoculation of the various culture flasks

and mass culture ccntainers, to monitor growth of the algal

cultures and to determine the quantity of algae to be fed to
the rearing larval organisms,

10

Since the nannoplankton organisms measure less than
+ We have t0o use a Haemocytometer for counting. Initially,

the sample has to be treated with a drop of eosin or formalin
4o k111 tha cells and after stirring well, one drop is taken
with a sterilized pipette. After plaging the cover-glip on
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the haemocytometer, the pipette is hrought to the edge of
the slide and touched. The sample runs inside and thus we
will get a thin £film of the culture in which the cells are
équally distributed. Since the haemocytometer has got 9
 chambers, 4 sides having 16 divisions and 5 chambers with
25 division, we have to restrict the counting to at least
3 chambers. The average number of cells in one ml is
calculated by using the equation,

Average counts per chamber xhloﬁ = Total number of cells/ml.

HARVEST AND PRESERVATION

The maintenance of the culture and constant supply
to meet the requiremerits of the hatchery is a problem
especlally during adverge weather conditions. The preserva-
tion of the algae either by freezing or by sun-drying is
advantageous in that during scarcity of food, the rearing
operations could he successfully continued, For freezing,
the culture has to be flocculated either by adding alum or
lime or by adjusting the pH using NaOH. After detaermining
the quantity of culture to be flocculated, measure the
volume of NaOH solution needed to f£locculate and add to the
solution. Vigorous stirring should be done and the culture
is left for one hour. After-one hour, we can see the algal
mass deposited in the bottom. The clear water i1s decanted
and the sediment collected., The pH is brought down to its
original value by adding slowly dilute HC)l., Now the algae is
ready for freezing or drying. Drying of the algae can be
done by pouring the same in white enamel trays and keeping it
in the bright sun~light., If the algae has dried up thoroughly,
it can be scraped from the enamel trays and kept in glass
hottles. Before freezing, the algal mass has to he treated
with a few dArops same protective reagenté like Dimethyl
sulphoxive o <lycercl, The frozen algae can be kept for
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3 months. Whenever adverse condition arises, the £rozen
feed can be used for rearing the larvae, though the protein
content may be little less when compared to the live feed.
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Fish fry‘and crustacean larvae are appar:ntly specific
to type and éize of'theffeed for thelr survival and growth.,
At present successfﬁl rearing_of fish and crustacean larvae
depends upon the availability of suitable live feed organisms.
Existing, literature reveals that oniy.#ery few species have
been used as live feed organisms of which :qtifers and
cladocerans are of prime importance in aquéculture industry.

ROTIFER BRACHIONUS PLICATILIS

For eafly larval stages, rotifers are found to be
suitable, initial live~feed which are intensely utilized in
hatcheries throughout the world., In Japan, rotifers are
given as initial diet for freshly hatched fish fry (of above
2-3 mm in body length) and feeding with rotifer is continued
for about 30 days after hatching. For the culture of fish
larvae, which are vulnerable to starvation, rotifers are used
as initial food in United States, Russia and United Kingdom.
The rotifer Brachiofuus plicatilis is found to be an ideal
food for larvae of the blue crab, Callinectes sapidus. At
present, without the mass culture of rotifers, larval rearing
of marine fishes is virtually impossible in Japan although
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artificial microdiets are being gradually déveloped. to
replace live-feed. The species Brachionus plicatilis is one
of the most commonly used rotifer in aguaculture, serving as
an important food source for predatory larvae,

Blology of rotifer Brachionus plicatilis:

B. plicatilis shows impdrtant features of a live-food
organism such as size suitability, high rate of multipli-
cation within a short period of time, utilization of minute
phyto (primary) food as feed and the ability to withstand
the adverse condition by producing cyst.

Size of B. plicatilis suits with the requirement of
early predatory larvae and it varies with reference to the
sex of the species. The length of the {lorica of) female is
165~192 microns while the width is"i184140fmicrons and the
size of the female is bigger when compared to the male which
is about 150 microns in length and 55 microns in width., In
addition to the suitability of the size, B. plicatilis is
having a very high multiplication rate., Under favourable
conditions, the above—mentioned rotifers reproduce by

parthenogeneslis. The average iife span of B. plicatilis is
observed to be 5,25 days at 28°-30.5°C during which period a
parthenogenetic female produces 19 eggs. The doubling time‘
of the population is found to be 0.45 days and theoretically
it is calculated thet totally 3079 rotifers caﬁ be obtained
from a single parthenogenetic female during its short life
span {(Mithu, 1983 a). Rotifer B. piicatilis goes for sexual
. reproduction during unfavourable_cgpditions. It produces
males and subsequently resting eggs to assure the survival of
the species during adverse situations. The males, which are
diminutive, do not resemble the females and they are without
alimentary canal as their purpose of creation appéars to bhe
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only for reproduction.

_ In the parthenogenetic mode of reproduction diploid
amittie females produce diploid eggs by mitosis. These eggs
hormally develop into amitdic parthenogenetic females,
However, these diploid eggs, under unfavourable conditions,
develop into mictic (sexual) females. These mictic females
meiotically produce haploid eggs which if unfartilized |
develop into haploid males and if fertilized develop into
thick-shelled diploid resting eggs. These resting eggs hatch
into a new generation of amictic females (Fig. 1) (King and
snell, 1977).

Brachionus sp. are filter feeders which consume
feedwparticles of less than 5 microns in size.“‘They have
been cultured by different authors by'utilizihg a variety of
- diets such as live bDuaniella, iive Chlorella, live Scenedesmus
 costato-grandlatus, live Tetraselmis suecica, live Tetraselmis
and powdered Spirulina, yeast, “"Torulose" yeast, dry Chlorella
powder, powdered commercial Sgirulina. Chlorella and methanol-
- grown yeast and mahua oil cake (Muthu, 1983 a). The algal=
bacterial~blomass, developed in ponds which are employed for
treatment of piggery waste, has also been used for growing
Brachionus rubens. Rotifers are also grown on the algal=
bacterial-biomass, produced by fertilizing the water with a
- combination of fertilizers such as groundnut oil cake,
cowdung, urea and suparphosphate, When Chlorella or other
nanoplankters, which are less than $§ microns in size, are
offered as feed, B. plicatilis multiply very fast. The growth
is observed to retard when diatoms or'green algae which are
more than 10 microns in size, are given'as feed. Thus size
- 1s appeared to be the prime determing factor for the selection .
-of the particular phytoplankton as feed for rotifer. Further
fertility is considerably high with algal diet while it is
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very low when groundnut oil cake is provided as a dircct=
feed.

Mass=culture of rotifer B. glicatilis

- B. plicatilis is mass=-cultured in two ways. In the

' first method, the feed for rotifer is added to the rotifer

tank whenever it is reguired. In other words, feed prepa-
ration and rotifer rearing are separate aspects Of the
 culture programme. Trotta (1980) and SEAFDEC follow this
method., In the second method, both rotifer and its feed are
cultured together in one and the same contailner and this
method is followed at Narakkal Prawn Culture Laboratory.

Trotta {1980) has made use of a continuous system,
in which Chlorella is grown with sterile culture medium in
one large bag. This Chlorella~-bag has scparate inter-
connections to a reservoir, containing nutritive medium
(for phyto-growth) and a rotifer-bag, which is twice the size
of the Chlorella-bag, As soon as Chlorella has attained
optimum concentration, it 1s allowed to flow from the
" Chlorella=bag into the bottom of the rotifer-bag, which
expels a portion of rotifer medium through the outlet at the
top of the rotifer-hag. Rotifer will be harvested from the
medium, thus expelled. Subsequently, the Chlorella-bag will
be refilled with fresh enriched medium, obtained from the
reservoir, thereby making the above culture process as a
continuous one. In SEAFDEC, 350 ton capacity concrete tanks
are separately used for rotifer and Chlorella culture,
Chlorella is cultured by fertilizing filtered seawater with
inorganic fertilizers such as urea, superphosphate and
ammonia. This Chlorella water is siphoned into the adjacent
rotifer tank which is already inoculated with a stock culture
of B, plicatilis. When the rotifer population attains a
density of 200-300 Nos/ml, part of the rotifer medium 1ia
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siphoned off through a fine-meshed phytoplankton net to

_"-harvest the rotifer. Water level in rotifer tank is restored
__lvzby replenishing with Chlorella water from the Chlcorslla tank.
: 2; A£ter a few days, rotifer will again attain the harvestable
‘L?'aensityjaﬁd.ohce aéain the same process has to be repeated.

" Thus the whole process goes on continuously until the culture
i . becomes contaminated by unwanted organisms either in the
.- -Chlorella tank or in the rotifer tank.

_ ' At Narakkal Prawn Culture Labcratory. outdoor
containers of 2 ton. 10 ton and 40 ton capacity are used for
“the mass-culture of B. plicatilis. Initislly, feed for
rotifer is developed prior to rotifer inoculation in these
tanks by fertilizing the filtered (through 50 micron net)
seawater with groundnut oil cake (juice), urea and super-
phosphate at the rate of 200 ¢gm, 2 gm and 2 gm respectively
. per ton of water. Profound aeration is necessary ard a
| starter culture of Chlorella is inochlated. Aftcr taking
these measures to develop the rotifer feed, a starter
culture of B. Elicétilis is added to the same contalner when
pH of the medium increases above 7. The rotifer starter
should be obtained from a healthy population and it is
preferable to be with egg-bearing parthenogenetic females.
It nust be devold of either males or cyst-bearing females.
Inoculation is preferable tb‘be at the rate of females.
Inoculation ig preferable to be at the rate of 5-10 rotifers
per ml of the medium. A'Chlorella‘ﬁloam develops within 2~3
days and the rotifers multiply rapidly, attaining a popu-
lation density of about 250 Nos/ml within 4-6 days after
which harvesting 1s done everyday in the morning when
rotifers swam at the surface. PH and oxygen content of the
~ medium play an important role in rotifer multiplication.

" Behluter (1980) has cbserved that at pH above 9.5 and below
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4,5 ho rotifer is survived and high rotifer densities are
aséociated with a pH value of 6-8., If disscolved oxygen
content is above 1.15 mg 02/1, the reproduction rate is not
inhibited while rotifers.ceased to reproduce and die within
a few days at 0.72 mg 02/1. The presence of a male or a
.cyst bearing female indicates the existence_of.adverse
conditions in the culture tank. Hence routine observation
is essential in order to understand the_bioldgical and
physical conditions prevailing in the culture tank and the
. growth pattern of the"population.. | l

When Chlorella bloom declines, half the volume of
water is replaced with fresh seawater and refertilized with
the abovementioned fertilizers at half of the”iﬁitial anse.
The culture process is repeated until the cdltura gots
contaminated with filamentous blue~green algaelor ciliates.
If contamination occurs, the present culture operation has
to be closed and the whole process has to bhe restarted from
the beginning. When this culture method is followed, popu~-
lation may reach upto a high density of 560 rotifers per ml.

- Utilization of harvested rotifers

) The harvested rotifers, have to bé washed with clean
seawater before giving them as live-feed, However, they can
be stored by freezing them into frozen blocks in a deep
freezer using 10% glycerin as crycprotectant.

Nutritional quality of the rotifer, as a live-feed,
depends on the feed, used for rotifer culture. The rotifers,
cultured with yeast, are quite low in w3 highly unsaturated
fattyacids such as 20:5w3.and high in monoenoic fatty acids
such as 16:1 and 18:1. Those cultured.with marine Chlorella
contain high amouﬁt 20:5w3 which is one of the required
essentlal fatty acids for marine f£ish. Hence rotifers
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Icﬁitutediwith‘yeast are always inferior to those cultured

"witﬁ”ﬁérina Chlorella in their nutritional quality as a live- .
food. The reason for this difference in nutritional quality
‘1s that the baker's .Yeast, used for mass culture of rotifer,
... 1 contains no w3 highly unsaturated fatty aclds while the
'3'1;iroti£er-feed. chlor:
i level of 20:5w . Nutritionally'poor rotifer. obtained as a
_;-result of feeding with substances such as yeast, can be

s enriched and made as better ones at the time of offering them

2 on the other hand, centains a high

as feed to predator, For‘thia.purpoae, the rotifers which
are cultured with nutritibnally poor diet, have to be fed

{ ‘'with enriched diet such' as marine Chlorella, microencapsu-
lated dlets, w-yeast and emulsified lipids rich in w>

highly unsaturated fatty acids, for a period of 3-6 hours
(Watanabe et gl.. 1978).

Rotifer resting. eggs - | ) |

~ One of thé possible ways of ;nauring good supply of
rotifers will be building up of reserve stocks and making
use of them when the demand rises. -Lubzens gt al. (1980)
are of the view that this. goal can possibly be achieved by
finding methods for inducing rotifers to produce resting
egga and finding ways for preserving and hatching resting
edggs. It has been reported that changes in environmental
conditions such as increase in crowding. cold shnck. decrease

‘In food quantity and changes in photoperiod ‘may induce pro-

duction of males and subsequent formaﬁion of resting eggs in
rotifers (Gilbert, 1974). Ito (1960) reported that

B. plicatilis can be:indiced to produce féating eggs when .
transferred from 18°4, chlorinity culture media to lower
chlorinity media. Lubzens et al. (1980) have produced males

and resting eggs in B. Elieatilis by transferring them from
106% scawater (38 ppt) to 25% seawater._._
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Reéiing eggs may be preserved for at least 12 weeks
by freezing at =14°C without significant loss of viability.
Eggs, dried and kept desiccated at room temperature, retained
their viability for upto 3 weeks {Lubzens et al., 1980).
L;ttie_is-kncwn about the stimulus which initiates develop~
. -ment of :o£1fer-résting eggs. Pourriot et al. (1980) have
‘observed no or very little hatching of the resting eggs in
B. rubens. during the first month after laying, at whatever
light and tem@erature conditions and they are of the opinion

| ~ that most ‘of the resting eggs have to undergo an obligatory

dormancy. Further they observed that hatchability in
-resting eggs of B. rubens is increased by a dormant period

" in darkness at low temperature (similar to conditions in
‘winter) followed by illumination and an increase in tempera=
ture (similar to spring and summer conditions). When the
conditions are favourable, resting eggs hatch out into
parthenogenetic females and hatching is achieved by keeping
them in well—aerated fresh seawater for 24-48 hours at
29-30°C,

CLADOCERAN MOINA Sp.

s

Cladoceran Moina Sp. are characteristic inhabitants
of temporary freshwater pools. Although cladocerans of the
genera Daphnia and Moina are freshwater'org;nisms,'they have
 been successfully used in the frozen condition to feed marine
animals also. They are utilized as suitable feed for the
culture of‘fish fry and postlarval crustaceans,

Biclogy

Cladoceran Moina is bigger in size when compared to
rotifer Brachionus plicatilis. The size of Moina fulfils
the feed-size requirement of slightly grown-up fish fry and
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.| postlarval crugtaceans while the small sized rotifers form
fﬂ-f~an-ideal sized feed to sarly fish fry and erustacean larval
| stages. The female Moina with embryos, measures 0.78-1.02 mm.
| 4in length and 0.43=0,74 mm in.width (Mythu, 1983 bj. Like

?“rotifer B. plicatilis, cladoceran Moina also possesses
- desirable features like high reproduction capacity, filter
, feeding habit, ability to produce dormant cysts during

" adverse.__ conditiqn_s and ready acceptability. Moina also
1 multiplies parthenogenetically when the conditions are
”.@;favbﬁrable and changes over to sexual reproduction at the

f.thet'of adverde conditiona. The males which appear when
: °°nditibnq'become unfavourable, are smaller in size and are

' 0.54=0,72 mm in length and 0.23-=0.37 mm in width., These

é males mate with the females to result in the formation of

? dormant cysts'andhcysg production ensures future survival of
| the species. The average life-span of Moima is found to be
' 11 days within vhich one parthenogenetic female produces

'f about 85 eggs; Fortf eith hours after bhirth, the female

. releases the first batch of 8-12 youngones, which become as
'fparthenogenetic.females. For the rest of its life, the

- female relcases similar batch of youngones at every 24 hours
"~ and a total of 42765 animals have been resulted from a single
, parthenogenetic female within its life period. of 11 days.

| The population doubling time is found to be 0,32 day

. (Muthu, 1983 D).

' Culture | |

, The culture tebhnique for cladocéfan 15 basically

- similar to that of rotifer. Cladocerans have been reared in
“small scale under sterile conditions as monoxenic cultures

- using Chlamydomonos reinhardii (Murphy, 1970) and as dixenic
~cultures with C. reinhardii and Scenedesmus obliquans
“gfb'Agostlno and Provasoli, 1970). However, only fow genera-
~tions “of-cladoceran-can be achieved when algae, ¢grown under
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sterile conditions in inorganic media, are used as feed. To

‘overcome this problem, nutritional quality of the algae has

to be raised by adding vitamin mixture and liver extract to
the algal culture medium. A synthetic biphase medium,
consisting of a'liquid phase to supply micronutrients and a
particulate phase to provide macronutrients, has been used
to rear Moina macrocopa by Conklin and Provasoli (1977).
For large scale cladoceran production, culturing in sterile
medla or biphase medla, is not practicable because of high
cost of maintaining such cultures. So simplified and
economically viable technology to mass-culture cladoceran
gains importance.

By making use of'ordinary water, many scientists have

" mass~cultured cladocerans either by feeding with particular

diets or by developing the feed in the medium by enriching
with certain fertilizers. Micronized ricebran of less than
60 microns in size and 1% brewer's yeast solution are uti-
lized as prepared feed while fertilization is carried out
with swine manure or chicken manure or groundnut oil cake |
or a combination of groundnut oil cake, urea and super-
phosphate as done at Narakkal Prawn Culture Leboratory
(Muthu, 1983 b)., In SEAFDEC, cowdung is used as a manure
while In Jepara, a mixture of coconut oll cake and chicken
dung is made use of. When the medium is fertilized, algal~
bacterial-biomass develops forming as food to the cladoceran.
This fertilization-method is basically same for culturing
any filter-feeding live feed organism and it is normally
carried out in outdoor containers. Any ffeshwater source,
wh;ch is free from pollution can be made use of for Moina
cylture. |

At Narcokkal Prawn Culture Laboratory, tap water,
which is aeratad for 2 days to get rid off chlorine, is
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"ioitiaily'fertilizéd with groundnut oil cake, urea and
superphosphate at the rate of 250 gm, 2 gm and 2gm respectie

U vely per ton of water. Subsequently it is inoculated with

lifa starter Chlorella culture. When the medium gets slightly
:?’greenish in colour due to the growth of Chlorella, Moina

ﬁ{ is to be stocked at the rate of-1 animal per litre of the
:'medium. The groundnut oil cake first stimuletes bacterial

' V‘grcwth and ‘then induces Chlorella bloom. The cladocerans

seem to feed on- both the bacteria and the Chlorella and also
on the finely divided groundnut oil cake particles,

'3.suspended in the water. The cladoceran maltiplies very fast

and when it reaches a density of 30000-40000 animals per
litre in 7-9 days at 29-30°C, it is harvested, ,q both
5 rotifer and Moina cultures, same procedures are followed
for harvesting and otilizing the harvested product. As a .
result of‘explosion of Moina population, Chlcrella concentraw-
tion declines and to maintain the -optimum Chlorella
concentration, partial water changa and refertilization with
100 gm groundnut oil cake per ton of water are to be done at
at interval of 4-5 days. Frequent harvesting and partial
change of water increase the yield and prolong the life of
the culture. - _

If the culture-container is not covered with a net,
; chances are there for the developmen£ of mosquito larvae in
the culture medium. Sometimes the culture gets contaminated
_ with ciliates or undesirable star-like Pediastrum and fila-
mentous blue green algae, which are unsuitable as feed to
 cladoceran. Such contaminated cultures are better to be
© discarded. ' Fresh cultures can be initiated from the stock of
dormant cysts. The viability of these cysts, if kept in ary

~ test tube with cotton plug, is about 2 moﬁths and these
| dormant cysts hatch out into parthenogenetic females in 24-28
" hours at 28-30°C.when kept for hatching in well aerated

freshwater, .
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INTRODUCTION

Extensive literature reveals that only very few orga-~
nisms have bheen utilized as live feed of which the brine
shrimp Artemia, is the most important one. " In tﬁe growing
agquaculture industry, a great demand exists for Artemia cysts
which form as dried inert food source. In these Cysts
embryos, after development upto gastrula stage, are kept in
diapause. The cysts are brownish in colour and measure about
0.3 mm in diameter. When dehydrated, they are biconcave in
shape.

CYST HARVEST AND CYST PROCESSING

Artemia cysts can be collected from natural saline
habitats which are located jn coastal as well as inland areas
in hoth temperate and tropical countries. Literature reveals
that a good Arteu&a_ﬁdotope produces 10=20 kg cysts per
hectare per season (Persoone ‘and SQrgeloos. 1980). 1In
Artemia biotopes, cysts £loat in saline waters (except that
of Artemia monica) and are blown to shore by wind action,
where they accumulate, Cysts should be harvested as soon as
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possible after accumulation. Cysts should preferably be
“harvested from the water surface rather than from the shores
thus assuring less contamination with impurities. The cysts,
collected, may be contaminated with sand particles, dirt

- material, dead Artemia, algae, debris, empty shells, broken

. shell bits ete. The hatchihg efficiency of the collected
cysts is largely determined hy the effective removal of
from’the_cyéts”and keeping the qyst water content less than
10%. Hence, the bysts have to be cleaned first and then
adequately dehydrated,

Cleaning can be done by washing the cysts with fresh-
. water using different mesh-sized screens so that corresponding
sized dirt materials can be removed. Generally 400 microns
and 100 microns sieves are used for this purpose. When the
raw cysts are allowed to pass through 400 microns sicve and
collected on 100 microns sieve in the process of washing,
debris of above 400 microns and of lesser than 100 microns
are removed., Cleaning in freshwater must be very quickly
done as prolonged cleaning in freshwater will initiate hydra-
tion and subsequent embryocloglcal development resulting in
energy loss. The dirt materials which are equal in sizc
with the cysts can be removed by the biphase floatation
method, in which initially the raw cysts have to be suspended
in brine for a period of 24 hours. Cysts and light debris
will float while heavy particles such as sand will sink to
the bottom. Secondly the floating cysts have to be removed
from brine and introduced in freshwater for a short period

of 15 minutes. The viable cysts will sink to the bottom
whereas the empty shells, non-viable ¢ysts cte float at tho
surface. The cleaned cysts are to be siphoned off. TheY
have to be spread in uniform thickness over a drying surface
and kept for drying in the shade or in a hot air oven at
30-40°C until cyst water content has reached to the level



LR 3 LI

" of 2=9%. Now cysts attain biconcave shape. They have to be

‘packed under vacuum or nitrogen atmosphere and stored in dry
‘Place. It is reported that the cysts, thus processed and
stored under 1ideal conditions, retain their viability for
at least 12-13 years.

CYST HATCHING °

At least five conditions are essential for restarting
. the arrested embryological development in c¢ysts leading to

"~ hatching (Sorgeloos and Kulasekarapandian, 1984). They are
‘hydration of the cysts, oxygenation of the medium, illumi-
‘nation of the hydrated cysts, temperature of 26-35°C and pH
above 8.0. Hatching can be carried out in salinities
ranging from 5 to 75 ppt. Artemia cysts never hatch at high
‘salinities because they cannot hydrate enough ‘which is one
‘of the pre-requisite for the onset of hatching mechanism,
For practical convenience, seawater (enriched with 2 gm
3naHCO3 per litre) is used for hatching, Continucus moderate
“aeration, which keeps the cysts in suspension, is beneficial
in hatching. Hatching efficiency decreases when dissolved

- oXygen content goes helow 2 ppm. It is completely inhibited
at 0.6 to 0.8 ppm in Callfornia strain. The light triggers
the "bioclogical clock" to start again in the hydrated cysts.
~Illumination for 10 minutes at an intensity of 1000 lux is
sufficient in California strain. Eventhough éeve;al'types of
hatching containers have been used by different workers
'(Shelbourne'gg_g;.. 1963; Jones, 1972), funnel shaped glass
or plastic containers are better for hatching., Because of

- transparency, adequate lllumination is ensured and as the
bottom is funnel-shaped moderate aeration is sufficient to
aerate the medium and simultanecously keep the cysts in ade=
qQuate suspension, In the cylindrical containers, 7=-10 gm
cysts per litre of medium, can be subjected for hatching.
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SEPARATION OF HATCHED NAUPLII FROM THE HATCHING DEBRIS

Consumption of empty shells block the gurt of the
predator when an uncleaned hatching mixture is fed. Moreover,
unhatched and empty cysts have a very high bacterial load
and their iﬁtEOduction will speil the predatory medium.

Hence hatched nauplii alone have to be collected from the
hatching debris and utilized as feed.

The positive phototactic behaviour of the nauplii is
exploited for separating the hauplii from the empty and
unhatched cysts. Directing a light beam on the transparent
hatching device results in the larvae swimming towards the
light as soon as the aeration has been turned off., They can
be siphoned off from that particular place. However, this
rough sepafation technique, although commonly used, requires
8kill to remove the nauplii without siphoning off the debris,
accumulated 4in the bottom and surface. These problems can
- be solved by using a separator box which has a central dark
compartment and an outer bright compartment both being
separated by a partition. When the mixture of nauplii and
debris is introduced in the central dark compartment of the
box, the naupliil swim through holes or slits from the dark
ccmpartment to the brighter side. Once separation is
completed, the partition can be closed and the larvae can be
siphoned off from the brighter cuter compartment, while
unhatched cysts and empty shells being retained in the dark,
central compartment. Shelbourne et al. (1963) have used
rectangular separator boxes in which separation is poor
because the light stimulus is not uniform in all directions.
However, Persocne and Sorgeloos (1972) have used ¢ylindrical
separator boxes in which the light stimulus is uniform for
all the nauplii from any direction.
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CYST DECAPSULATICON

" The hard shell or chorion of the cyst can be reroved
" without affecting the viability of the embryo by short

- exposure of the hydrated cysts to a hypocﬁlorite-solution and

' this process is known as decapsulation, which eliminates the
~ cumbersome process of separating nauplii from the hatching

- debris. Treatment with hypochlorite solution disinfects the
 cysts and the decapsulated cysts can be directly used as food
to predators., For example, the larvae of Lebistes,

' Magrobrachium, Penaeus, Portunus, Scylla and Xiphonophorus

~ have been successfully reared by giving a diet of decapsu-

~ lated cysts. |

In the ‘decapsulation process, completc removal of

the chorion will be possible when theé cysts are spherical

in shape and to obtain this desirable stage, the cysts, as

an initial step, have to be hydrated by keeping them for
required period (1 to 2 hours for most of the strains)

either in freshwater or seawater at about 25°C. Prolonged
hydration has to be avoided as it will induce embryological
development and consequent lossg of energy. Subsequent to
hydration, cysts have to be transferred to decapsulation
- solution which can be prepared with either liquid bleach
{Sodium hypochlorite), N20Cl or bleaching powder, Ca(0C1)2
and NaOH. 0.5 gm active product and 14 ml of decapsulation
~ 8olution are required to decapsulate one gram of cyst. |

_ Decapsulatipn_solutian has to be made up with 35 ppt seawater.
When the cysts are in the decapsulation solution, a gradual
colour change in the cysts will be observed from dark brown
to grey and then to orange. During decapsulation the tempera-
ture should not be allowed to raise above 40°C. Prolonged
immersicn in decapSulation solution will kill the embryo and
hence cysts have to be removed from the solution as soon as
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the completion of the process which can be judged by perio-
dical observation oc systs under microscope. Cysts, after
‘treatment in decapsulation solution, have to be washed with
tap water and afterwards dipped a coupie of times in 0.1

N Hel. Subsequently, the cysts have to be washed again with
. tap water or seawater., The hydrated, decapsulated cysts can
be offered directly as food to the predator. If needed they
can be stored for a few days in the refrigerator at 0-4°C.
When used directly as food, it is essential to keep the
cysts In suspension, by sufficient aeration and circulation,
for better utilization by predators since the hydrated
decapsulated cysts sink in seawater or freshwater. Decapsu-
lated cysts can be stored for a short period of six months
by keeping them for dehydration in NaCl saturated brine
.(.i 330 g/1l). The decapsulated cysts sink in brine and
become coffee=bean shaped as a result of dehydration. Brine
will not help for long term storage for which the hydrated
decapsulated cysts have to be dried and packed in dry and
oxygen free containers,

NUTRITIVE VALUE AND QUALITY IMPROVEMENT IN
ARTEMIA NAUPLII

Quality of Artemia cysts as naupliar food source, is
evaluated on the basis of its nutritive value. It is profit-
able to use decapsulated cysts as feed instead of freshly
hatched nauplii as the former contain 30-40% more energy when
compared to the latter. In other words, hatching mechanism
consumes 30~40% energy which c¢an otherwise be utilized by
directly giving decapsulated cysts as feed. The energy
contents and individual dry weights decrease with 22-37% and
16-34% respectively while the freshly hatched nauplil
{instar I larvae) develop into instar II larvae. Hence it
must he taken into account that Artemia nauplii have to be
fed as soon as the hatching is over to aveid the energy loss.
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Marine predators need high levels of the fatty acids

20:533 and 22:6@3, the latter belng seldom prescnt in
 detectable levels in Artemia nauplii. The fatty acid pattern;

more particularly the content in polyunsaturated fatty acids
~ (PUFA), appears to vary in the Artemla as a function of the
 source of the cysts and even within a particular strain from
i Qyst harvest to harvest, With PUFA poor Artemia nauplii,
- low survival is reported in marine fish and shrimp hatcheries.
The reason.fo: the poor PUFA=profile in some Artcria cyst
- sources, is rélated to the biochemical composition {(i.e. PUFA
- content) of natural food of Artemia. In fact, in the high
 salinity environment where.Artemia live, those species of
diatoms and flagellates knowh to be rich in PUFA, do not or
| only seldom occur, Correspondingly the cysts produced by the
Artemia of these types of blotopes, are also poor in PUFA
- eontent., ‘

These nutritively poor 1=2 days old Artemia nauplii
can be enriched with PUFA via their diet. Different parti-
culate products can be used for enrichment 6£_the instar II
Artemia nauplii through biocencapsulation and metabolisation
(accumulation). Microencapsulated diets and micronized
particles respectively coated with PUFA-rich oils such as
caod liver oil and PUFA-rich emulsions or micro algae rich in
'PUFA such as Isochrysis, Chaetoceros, Chlorella can be used
as enrichment diets for instar II Artemia nauplii |
' (Sorgeloos and Kulasekarapandian, 1984)., Optimum enrichment
can be achieved by feeding the Artemia nauplii, which are
. stocked at the rate of 25000-50000 nauplii per litre during
24 to 48 hours post-hatching wlth dense concentra?ion of
PUFA-rich algae or particle suspensions (100000-500000
cells/ml).
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INTRODUCT TON

The brine shrimp, Artemia, a crustacean which is
naturally found in hypersaline waters throughout most of the
world, has become the most important source of live-feed for
the last twenty years. All its life stages such as cysts
after decapsulation, freshly hatched nauplii, juveniles,

: preadults and adults, are used as live-fead according to the

feed-size requirement of the predator. Artemia decapsulated
¢ysts and freshly hatched nauplil form as ideal food for: the
larvae of cultured fish and crustaceans in their hatchery

phase while juveniles, preadults and adults form as suitable.

diet for prawn/fish juveniles in their nursery phase.

Artemia grows from nauplius stage to adult stage in ahout two
weeks, During this short period, nauplius'with Q.4 mm in
length and 0.002 ng in welght grows into an adult with about

8 mm in length and 1 mg in welght thereby ensuring 20 fold
increase in dimension and 500 fold increaae in biomass.

After attaining adult stage, the brine shrimp producea nauplii/
cysts (according to the prevailing environmental conditions)

! at the rate of upto 300 numbers per batch and goes on pro-

ducing at the intexval of about five days throughout 1its life
period of six months, Por cysts and biomass production,
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Artemia can be cultured in large scdale in salt water ponds

- where environmental parameters cannot be fully controlled.

They c<an also be produced in hatcheries and laboratorzes
under controlled conditions.,

PRODUCTION IN SALT WATER PONDS

_ In India, a vast area of salt ponds, all along the
‘coastline, are used in salt production during dry season and
these man=made solar séltpans.offer excellent scope for
- carrying out Artemia culture. Many of these saltpans have
most of the infrastructures required for this purpose.. The
area, selected for Artemia culture, should have suitable
climatic conditions such as moderate temperature (ranging
from 25°C to 35°C) and salinity (with a range of 30 ppt to
200 ppt). It should have a high evaporation rate with little
rainfall and he closer to the sea from where water can be
easily drawn to the reservoir either by pumping or through
. tidal influence. It is desirable to drawn water to the
- reservolr from mangroove area which has a very high producti-
vity. The water source should be freo from pollution and the
pond should maintain the water level without having any
seepage or leakage,

In a classic typic of solar saitpan, water enters the
first evaporation pond from the reservoir. After increasing
slightly in salinity by solar evaporation, water flows from
the first evaporétion pond to the next of the series and
this continues until the water becomes brine i.c., saturated
with sodium chloride. The brine is then introduced to the
‘erystalizing ponds where sodium chloride crystallises.
agtemia can be intensely cultured in-evaporation pbnds with
minimam inputa; ' '
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Subsequent to initial fertilization, freshly hatched
" Artemia nauplii have to be inoculated at the rate of 1 to 10
numbers per litre of pond water (Sorgeloos and
Kulasekarapandian, 1984). Nauplii stocking has to be done
‘at night or early hours of the day to minimise the tempera=
ture stress, Growth of the population has to he monitored
by ccllecting data on the poﬁulation composition which can
be carried out by analysing the population samples after
"grdhping them as nauplii, juveniles, preadults and adults.
Changes in the population composition can be correlated with
the overall production status of the population. For
exXample, presence of only adults reflects the status of no
recruitment. Reproductive status of the adults; which can
be found out by observing the presence of nauplil/cysts and
shell glands in the brood sag, will also indicate whether the
population is In growth phase or in stationary phasec.
(Determination of population density through sampling pro-
cedure will not help ih view of strong heterogenic distri-
bution of Artemia). Data on the parameters such as minimurme
maximum water temperature, rainfall, salinity levels and
water turhidity have to be daily collected. These informas-
tions are necessary to ensure continuous recruitment through
ovoviviparity by adjusting the intensity of fertilization,
harvest and water management,

When the population is mostly of adults, they can be
manually harvested with a dipnet. lLarge net, with a cod-end
having less than 100 microns mesh size, is to be installed in
the canal/gate that connect two cevaporation ponds. Artemia
will he retained when the water flows from one evaporation
pond to ancther. The net should he emptied at about 1 hour
intexrvals to avoid the death of the accumulated Artemia in
the con and,
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'If the intention is cyst-harvest, Artemia have to be
exposed to higher salinity levels (akove 150 ppt) thereby
~ subjected to.stress. This can be achieved by careful water
management as at very high salinities (250 ppt and above),
'Artemia become weak and finally die., The salinity stress,
created, will result in the induction of oviparity (Fig. 1),
.The liberafed cysts will floathand due to wind acticn, they
will accumulate on the shore from where they can be harvested.

_ _Eéénthough it is reported that in Tﬁailand. a pro=
duction of 15 g live weight/mp/aay'and 60 kg dry cysts/ha/S
months 1s achieved, one can expect an average production of
10 to 20 kg &ry cysts/ha/year and a few metric tons of live
biomass in saltpans.

PRODUCTION UNDFR CONTROLLED CONDITIOCNS

Biomags production

Biomass production under controlled conditions can be
carried out either in batch or in flow-through culture

systems.,

In both culture systems, provisions are made to maxi-
‘mise oxygenation of the medium and to ensure food avall=
ability to all the larvae, while culturing at high density.

Bilomass production by hatch culture system

In hatch culture system, nauplii were reared upto
adult stage, without any water renewal, in air-water-life
{AWL) operated raceway, which provides continucus aeration,
almost homogenous circulation of the medium and uniform
distribution of the added feed within a short time. Raceway
system further keeps all particulate matter in suspension
thershy minimising sediment accumulation,
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‘ Construction of air-water-lift raceway

~_An Artemia raceway essentially consists of a
| rectangular tank with a central partitioning (Fig. 2). The
. distance between the central partitioning and the lengthy

'ffrsideicf_the'tank is called the channel width, In order to

"'cbtain an optimal wster:circulaticn._ﬁhe'diStance hetween
central partitioning and the small side of the tank is to

-1 be about 1 £to 2/3 of the channel width. The partitioning

A should ‘also be kept 2 to 5 cm off the bottom of the tank
. either hy suspending it from two or more wooden bars

'f.-resting on the sidewalls of the raceway or by keeping it in

its central position on top of small blocks. The water
depth should not exceed 1 metre to- ensure oPtimal water
circulation with the-hslp of axial blowers. Various materi-
als such as concrete, marine plywood and fibreglass. can be .
used to construct raceway tanks.

PVC pipes and elbows are used to construct air-water-
lifts, which have to be fixed to the central partitioning by
rings with screws to keep them in a well defined position in
raceway. fcr cptimsl water circulation, the elbow outflows
. should make an angle of 30-45° with the central partitioning
'3-(Fig. 3). - The interval between successive alr-water-lifts
should be 25 to 40 am. The diameter of the air-water-lift is
related to the water depth and if the water level: is 40 cm.

' the inner diameter of air-water-lift should be 40:mm which
will provide 6.6 litre/minute/AwWl, of air to displace 12.5 |
litre/minute/AWL of water. (If the water level is 20 cm, the
inner diameter of the AWL should be 25 mm to provide 2,7
.11tre/minute/AWL of air which will displace 4 ,itre/minute/
AWL of water), 3-6 mm diameter polythene tube can serve as
acration line and it dan be mounted in.the AWL through a
“wale at the top of the PVC elbow, To agsure the host water=
life—sfoct, the aeration lines should extend as deep as
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possible in the AWL. All aeration lines will be drawn from
a central air distributing container so that cach aeration
line need not have a separate regulating valve system,

Culture procedure

It is convenient to carry out batch culture in raceway
- system in 50-100 ppt saiinity because contamination with
ciliates and other competitiors and predators, can he avoided
~in high saline media. Stocking has to be done with freshly
- hatched nauplil and rate of stocking depends upon the feed
avallability and water management. 10,000 instar I nauplii
per litre can be stocked if feeding 1s maintained at 15-20 cm
transparency with rice bran. Aas Artemia is a non-selective
- filter feeder, it can be cultured by feeding with a wide
range of feed both live and inert materials. However, the
particle size of the feed should he less than 50 microns.
Hence, the feed should bhe squeezed (if inert feed) or passed
(if algal feed) through 50 microns sieve. Soluble products
are not taken up by Artemia and hence the feed if it 1s an
inert one, should be properly prepafed to get rid off the
dissclved matter. This can be achieved by aerating the
. feed solution for 1-2 hours and allowing the feed particles
to settle by cutting off the aeration for % hour, Dissolved
matter will be in solution and it will be discarded, while
only settled product will be used as fced. As Artemia is a
continuous filter feeder, medium must contain adequate food
at all times and hence food distributicn is very important.
Transparency of the culture medium found to he a very useful
parameter for determining the food level present in the
medium, During rearing, particulate wastes, such as faecal
pellets and exuviae, will form and they have to be continue
ously removed from the'culturé macdlium from 4th culture day
onwards, as thoy affect the water quality and hamper the food
vuptaka hy Artemia. This can be achieved by pumping the water



Subsequent to initial fertilization, freshly hatched
Artemia nauplii have to be inoculated at the rate of 1 to 10
numbers per litre of pond water (sorgeloos and
Kulasekarapandian, 1984). Nauplii stocking has to be done
at night or early hours of the day to minimise the tempera-
ture stress, 'Growth of the population has to bhe monitored
by collecting data on the poﬁulation composition which can

. be carried out by analysing the population samples after
‘grouping them as nauplii, juveniles, preadults and adults.

Changes in the population composition can be correlated with
the overall production status of the population. For
example, presence of only adults reflects the status of no
recrultment. Reproductive status of the adults, which can
be found out by observing the presence of nauplii/cysts and
shell glands in the brood sag, will also indicate whether the
population is in growth phase or in stationary phasc.
{Determination of population density through sampling pro-
cedure will not help in view of strong heterogenic distri-
bution of Artemia). Data on the parameters such &5 minlmum-
maximum water temperature, rainfall, salinity levels and
water turbidity have to be daily collécted. These informa=-
tions are necessary toten$ure continuous recruitment through
ovoviviparity by adjusting the intensity of fertilization.
‘harvest and water management.

When the population is mostly of édults,'they can be
manually harvested with a dipnet. Large net, with 'a cod=-end
having less than 100 ‘microns mesh size, is to be installed in
the canal/gate that connect two cvaporation ponds. Artemia
will be retained mhen the water flows f£rom one evaporation
pond to anothér. The net should he emptied at about 1 hour
intervals to avoid the death of the accumulated Artemia in
the cod ond. ‘
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_ - If the intention is cyst-harvest, Artemia have to be
]fexposed-to higher salinity levels (above 150 ppt) thereby
subjected to stress. This can be achieved by careful water
management as at very high salinities (250 ppt and above),
Artemia become weak and f£inally die. The salinity stress,
"created, will result in the induction of o?iparity'(Fig. 1).
The liberated cysts will float and due to wind action, they
will acchulate on the shore from where they can be harvested.

_ Eventhough it is reported that in Thalland, a pro=-
duction of 15 g live weight/hB/day and 60 kg dry cysts/ha/s
months is achieved, one can expect an average production of
10 to 20 kg dry cysts/ha/year and a few metric tons of live
biomass in saltpans.

PRODUCTION UNDER CONTROLLED CONDITIONS

Biomaég production

Blomags production under controlled conditions can be
carried out either in batch or in flow=through culture
systems.

In both culture systems, provisions are made to maxi-
mise oxygenation of the medium and to ensure food avail=-
abllity to all the larvae, while culturing at high density.

Biomass production by batch culture system

- In bhatch culture system, nauplii were reared upto
adult stage, without any water renewal, in air-water-life
{AWL) operated raceway, which provides continuocus aeration,
almost homogenous circulation of the medium and uniform
- distribhution of the added feed within a short time. Raéeway
system further keeps all particulate matter in suspension
thershy minimising sediment accumulation,
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achie#enthis, air supply system is to he connected with the -

:':_nitrogen supply unit, by a timer and a magnetic valve. At

.every three hburs, the timer activates the magnetic valve
which closes the air supply but allows the nitrogen to pass

lf; thrdhgh the.medium for a period of five minutes. After the
" supply -of nitrogen for 5 minutes, the oxygen drastically

decreases from 60% to 8% saturation thereby creating a sudden
.and effective atress; Subsequent aeration will keep the
‘animal in living condition. Only after 1-13 hours, the

. dissolved oxygen content will .reach to the original level

of 60% saturation, thereby indicating that the stress will
‘fairly be a prolonged one. Artemia will produce haemoglobin
in oxygen stress and hence the animals will become red-
coloured. Within a week, eggs will be formed in the ovaries
and coated with the secretion of the shell gland in the
ovisac. The cysts, liberated will be collected ia a 110
microns filter bag.

STORAGE OF HARVESTED BIOMASS AND CYSTS

Adult Artemia, harvected from saline (more than

. 100 ppt) waters, will remain alive for 3 to 5 hours evenw-
though they are provided as feed directly after collection
and subsequent washing with freshwater/seawater. If the
biomass;‘harvested,.has to be stored, it has to be frozen for
which the live bilomass has to be spread out in thin layers.
in plagtic bags/ice trays and be transferred to =25°C in a
quick freeczer,

The harvested cysts have to bhe cleaned, processed
and stored in closed containers in saturated brine or under
vacuum/nitrogen atmosphere.
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For successful hatchery production of préwn sced a
steady supply of spawners. of desired species of praﬁns at
the proper time is a necessary prerequisite. The uncertainity
of procuring spawners from the wild has stimulatgd worldwide
interest in the efforts to induce praﬁns.to mature under
controlled conditions. A successful technology for inducing
maturity and spawning of penaeid prawns has been developed
at the Marine Prawn Hatchery Laboratory (MPHL) of Central
Marine Fisheries Research Institute by employing the methed
of unilateral eyestalk ablation. Using this technique many
commercially 1mportant species of penaeid prawns (Penaeus
monoden, Pehaeus indicus, Penaeus semisulcatus, Metapenaeus
dobsoni, Metapenaeus monoceros and Parapenaeopsis stylifera)
have been induced to mature and spawn dn captivity (Muthu
and Laxminarayana, 1977, 1979, 1982; Laxminarayana and
Sasidharan, 1983)., A system for sustained production and
maintenance of hroodstock has been established.

One of the important factors in the development and
management of broodstock is the availlability of an appro-
priate feed, Dietary nutrition plays an important role in
~ the maturation, spawning and the quality of eggs spawned.
However, precise information on the nutritional bequirements
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of broodstock prawns‘is scanty. Of late, considerable
interest has been generated in the nutritional studies of
prawns, The major diectary nutrients like proteins, lipids,
carbohydraﬁes and minor nutrients such as vitamins and. -
minerals play a vital role in the maturation of prawns.
Recent studies on the nutritional requirements of prawns
‘have focussed on lipids which provide energy as well. as
_essehtial nutrients such as fatty acids and steroids.
Research work on the requirements of other nutrients for
broodstock prawns is very mich needed to establish the
missing links. Based on the knowledge of the nutritional
requirements, a comprehensive feed for broodstock has to bhe
evolved. The infdrmation avallable on the nutritional
 studies of broodstock prawns is presented in this paper.

- NUTRITIONAL REQUIREMENTS

Earlier studies have shown that penaeid prawns have
a very high lipid content which is maintained by dietary
intake, 'Of the lipid componentg, steroids and fatty aclds
are most important. Steroids are needed by shrimp as moulting
hormones, sex hormones and membrane compenents, yet these
animals are unable to bliosynthesize the steroid nucleus. -
Fatty acids are also membrane components and fulfil a.
significant role in energy storage. A range of tﬁese
components can be biosynthesized, but otheré ("essential
fatty acids") are needed in the diet of prawns.

Middleditch gt al. (1979) studied the fatty acid
profiles of Qonad, digésﬁive gland and tail muscle samples
of male and female penaeld shrimp (Penacus setiferus,

P, stylirostris and P. vannamel) obtained from the sea. The
major fatty acids af the liplds from mature ovaries were .
C,0 and C 2 polyunsaturated fatty acids (PUFA). Theay .

2
- obtained ovarian maturation and spawning in P. setiferus .
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by feeding the prawns with an annelid (Glycera dibranchiata)
which is rich in C20 and 022 polyunsatqrated fatty acids.
Based on their studies Middleditch gt al. (1979) suggested
that the reproduction of prawns is mediated by prostaglandins
derived from these fatty acids.

In whild Penaeus japonicus, Teshima and Kanazawa
(1983) observed an increase in the ovarian lipid concentra-
tion from slightly mature to yellow ovarian stages reaching
constant levels in mature ovaries and declining after
spawning. In éontrast. lipid levels in the hepatopancreas
declined in mature ovariles after reaching a maximum in the
yellow ovaries, suggesting a possible movement of lipids
from the hepatopancreas to ovaries during maturation.
Ovarian lipid concentration in wild Penaeus aztecus showed
an increase from early deﬁeloping to ripe stages and a
decline in spent stages (Chamberlain and Lawrence, 1983).
There was also an increase in ovarian carbohydrate levels
from nearly ripe to ripe stages but no chénges in the
protein concentration for all maturation stages. Ovarian
lipid concentration in immature Penaeus monodon increased
upon reaching full maturity from 5.8 to 17.0% in wild
(unablated) females (Willamena gt al., 1984) and from 7.5 to
21.9% in wild ablated females. The fatty acid profile
showed 12,14 - 24.87% and 11.8]1 -~ 24,50% for total fatty
acids in wild (unablated) and wild ablated females respect=
ively, to consist of 20:4W6 (arachidonic acid) 20:5w3
(eicosapentaencic acid) and 22:6W3 (docasahexaencic acid}.
The same plyunsaturated fatty acids were reflected in
spawned cggs, indicating their importance in the reproductive

process.
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FOOD AND FEEDING

Broodstock prawhs have generally been fed on fresh
or. frozen mussel, clam, oyster or squid meat. Other food
items used are fresh or frozen marine worms, mysids shrimp
and fish and dried pellets. These various items may be
given alone or in combination. The broodstock are fed
ad libitum or according to a daily feeding rate of approxi-
mately 3-5% for dry feed (pellets) aﬂd'10430% for wet
(fresh or frozen) feed. Feed is given once upto 4 times a
day and daily ration divided accordingly. Best results
were obtained when the broodstock of prawns (Penaeus indicus,

P. monodon, P. semisulcatus, Mctapenacus dobsoni,

M. monoceros and Pérapgnaeopsis stylifera) were_fed_gg
libitum on clam (Sunneta scripta) meat (Muthu and
Laxminarayana, 1977, 1979, 1982; Laxminarayana and
Sasidharan, 1983). The clam fed to broodstock prawns usually
have mature gonads which may be supplying the essential fatty
acids and carotenoids needed for the ovarian development of
prawns. Middleditch gt al. (1980 b) have found that bivalves
are rich in C20:4, C20:5 and C22:6 fatty acids.

A mussel-pellet and all-mussel feeding combination
gave better maturation and hatching rates than a squid
pellet or all-pellet feeding for ablated Penacus monodon
(Primavera et al., 1979). The composition of the pellet used
by Primavera et al. (1979) is given below. '

Ingredients ' % in diet
Fish meal 20
Shrimp head meal 20
Squid meal 25
Rice bhran 10

wheat flouxr : i0
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Agar 4
Sago palm starch (Landing) 4
Soybean oil 5
v22 (vitamin mix) 1.9
Ascorbic acid 0.1

Aquacop (19792) found that among the different
compounded pellets tested, the best ones were high protein
diets (60%) containing squid meal. They also reported that
if females are isolated and allowed to complete the ovarian
development in separate tanks where a supplement of fresh
troca (Trochus niloticus) £lesh is given, the quality of eggs
spawned is much better. : . '

Chamberlain et al. (1981) fed four single diets
{clams, shrimp, squid and woérms) and one composite diet
consisting of all four foods to the broodstock of Penaeus
vannemel, They found that the composite diet was the best
overall diet while squid was the best single-food diet,
followed by shrimp, worms and clams. (Caillouet (1973) fed
unablated Penaeus duorarum with diets to which additives
such as beta carotene, phosphatidylcholine, cholesterol, DL
alpha .tocopherol, caICiferol and 17 heta estradiol were
added, but the prawns 4did not attain maturity.

Lawrence et al. (1980) fed the hroodstock of Penaeus
setiferus on oyster (Crassostrea sp.), squid (Loligo sp.),
sandworm (Neries viridens) and a prepared dricd feed. They
have used three feeding times: 0800 hrs, oyster or prepared
dried feed; 1130 hrs, sgquid; and 1500 hrs, sandworm. '
Maturation and repeated-spawning and successful hatching
was achieved when the above feed combination was used. The
composition and percent protein, carhohydrate and lipid
- content of the prepared feed is given bhelows
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Component of feed ' - Percent
shrimp Meal (sun dried) 35.0
Squid meal _ 25.0
Manhaden meal ' 15.0
Rice bran 12,5
vitamin mix (AIN 76) B 2.0
Mineral mix (AIN 76) ' 1.0
Fish scluble - 2.0
Menhaden oil : 2.5
Cholesterol : 0.5
.Lecithin 1.0
Sodium Hexametaphosphate 1.0
Sodium Alginate 2.5

The percent protein, carbohydrate and lipid content
of the above feed was 40.8, 28.2 and 12.4 respectively.

REMARKS

For feeding the broodstock prawns definite time
schedules and feeding rates should be established so that
the guantity of food would not be limiting. These schedules
will also ensure that a ?ariety of nutrients will be supplied
‘during different time of day. Care should be taken to see
that the exXcess food and faecal matter in the maturation pools
and tanks are removed daily. If this is not done, the water
quality will deteriorate rapidly as decay of these
substances, will increase the bilological oxygen demand of
water.' Under such circumstances the intake of food by the
pravns declines markedly (Muthu and Laxminarayana, 1982).
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'-One of the requisites for development of finfish
‘culture is an assured supply of the fish seed throughout the ..
year. The production of healthy larvae, fry and £1nqerlings
of £infish depend on the nutritional and physiological status
. of the wroodstock., ‘Though nutrition is known to have consi~

derable effeét upon gonadal growth and fecundity, precise
information on the nutritional requirements for gbnadal
n«iuz tion in finfish broodstock 1s lacking.

POynter.(1976) clearly demonstrated that the fecundity
of hatchery reared lake trout appears-to be directly related
to food availability. Fish fed at a daily rate of 0.75% of
their body weight produced more and larger eggs with higher
fertility than those fed at a rate of 0.5% of their body
weight. Scott (1962) found that variations in egg number are
related to the size of the fish, size of the eggs, and
adeqguacy of the diet: Hester (1964}, working witﬁ Lebister
reticulatué, determined that reduced numbers of offspring

and reduced large = middle - sized oocyte with reduced ration.
Bagenal (1969) also observed that the number of eggs produced
by the brown trout Salmo trutta was highér in the better fed

- fish. Dahlgren (1980), who studied the effect of three
different protein levels on the fecundity of the guppy
Poecilia reticulata reported that the average gonadasomatic

"
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 index (GSI) was highest in groups fed the highest protein .
© diet; but the fecundity of the fish was not affected by diet.

“Watanabe et al., (1934 a, b, ¢) have carried out a
series of nutritional experiments on hrmodstock of hoth
rainbcw trout and red sea hream.

Rainbow trout:

Studies with rainbow trout have shown that there was

no significant difference in the egg production ( 3000
egy diameter (5.2 mm), the proportion of eggs reaching the
eyed egg stage (90%), and the proportion of hatching (£7%)
'sbetween treatiments fed with low-protein high energy diets
(33-35% crude protein and 390 Kcal/1C0 g) or a high protein
diet (43=-47% crude protein). However a diet lacking supple-
‘mentary minerals produced relatively less number of eggs
(2000 eggs/female), less number of eggs reaching the eyed
state {3,7%) and hatching (0,4%). These results demonstrate
that diets with low protein and high energy can be success-—
fully us=d for broodstock. But, a trace metal supplement
was indispensable for the reproduction of rainhow trout.
Subsequent trace metals analyses revealed that manganese
concentration was significantly low (4.1 + 0.7)ug/g) in

eggs of females given the diet with minerals, when compared
to diet lacking in trace metal supplement (1,6 + O.l/ug/g)-

In a subsequent experiment, it was confirmed that
broodstock diets with 36% crude protein and 18% lipid per-
formed as well as those given a diet with 46% crude protein
and 15% lipld. Besides, beef tallow when used at a level of
7% as on enerqgy source had no adverse effect on the reproduction
of rainbow trout. However diets deficilent in essential fatty
acids provided the lowest egg numbers, eyed eggs and total
hatchlings. One salient finding is that addition of
linoleic acid, 1B:2W6 to the EFA deficient broodstock dilet



led to-marked improvement in'percentage fertilization,
percentage of eyed eggs, and total hatch compared with
broodstock given diets lacking essential fatty acids.

This is a very interesting finding since
linolenic acid (18:3W3) is found to be the EFA for rainbow

. trout fingerlings. Subsequent research has shown that the

eggs produced by rainbow tréut contain 20:44W6 (arachidonic
acld and a possible dietary importance of Wé fatty acids.
in rainbow *trcut has been suggested.

‘In red sea hream, when krill, Mysis, shrimp and crab
_wastes'are fed to broodstock, pigmentation of the eggs has '
been noticed within a matter of hours, suggesting that tne

nutritional value of the diet given to broodstock shortly
before spawning may affect the results of spawning. It is
‘suggested that the quality of eggs may be improved hy
feeding the broodstock with some fat-soluble nutrients such
as esgential fatty acids and vitamins. Subsequent studies
by Watanabe et gi.'(1984 a, b, ¢) showed that supplementation
of diets with ~carotene and canthaxanthin or krili oil
extract led to a slight decrease in the total number of eggs
producad. But the percentage of buoyant eggs increased from
49.1% to 56.4% and 69.6% respectively in the above diets
with pigments. Frozen raw krill led to marked improvements
in hoth the total number of eggs produced and percentage of
buoyvant eggs. In eggs from broodstock fed the diet containing
corn oil, abnormalities in the numper of 0il globules
increased to 94%. The number of normal larvae obtained were
highest for the krill dict (91.2%) but lowest (24%) for the
corn oil (10%) based diet. These results suggest the
important of proper nutrition for fish broodstock.

Leptoberbus hoeveniit |
Studies carried out on this species (Pathmasotny |
1985) showed that relatively high protein levels (32 and 40%)
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are required for optimum performance comparced to a low
protein diet (24% crude protein). The GSI values and
fecundity were also significantly higher with the 32 and
40% diets than with the 24% diet. However, there were no
_sigﬁiﬁicant differences in the individual egg weight.

Commcn Qarp:

- Vitardn E has been shown to be important in the
reproductive physiology of fishes. 2Adult fomale common Qarp
(100 ¢g) fed a vitamin E deficient diet for 17 months
digplayed reduced weight gain, lower gonadosomatic index,
apparent muscular dystrophy, higher muscle water content,
lower muscle protein content, lower concentrations of yolk
 granule in oocytas compared with individuals fed 700 mg

- =tocopherol/kg dry diet (Watanabe and Takashimo, 1977) .

Assessment of nutritional status of broodstock based upon

- the biochemnical composition of fully mature ova and ferti-—

_ one of the best clues about the nutrient requirements
of a fish broodstock can bhe gained from the biochemical
'composition of the ova as well as fertilized eggs. However,
- thus for work on this aspect has been very limited and
incomplete. By determining the protein, lipids, carbohydrate,
amino acids pattern, fatty acids profile, composition of
minerals and vitamins, hormenes, prostaglandins ete., guide-
lines can be evolved in providing nutritionally adequatce
diets. An important area of research requiring greater
emphasis is the nutritional biocenergetics of the brood fish,
tc provide information as to how the nutrients are parti-
tioned in maturing fish. Information on somatic growth would
provide additional clues about the requirement.



Ackman (1964) concluded that the fatty acid composition
. 0f fish egy lipids is distinctive for cach species and did

. . not heccssarily related to the diet or depot fat of the adult.

'a:Ackman (1954) Ffound that cod roe contained increased levels
'@f 16:0, 20:4wW6, 20:5W3 and 22:6W3 compéred with the liver
' lipids of thc same female fish.

~ Shimma. gt al. (1977) found that the hatchability of
_'éggs'from cérp fed éeveral different formulated feeds was

| greatly reduced when the 22:6w3 of the egg lipid was less

‘than 10%. They also observed that the muscle, plasma, and
erythrocyte fatty acid compoéitions were more affected by

Qietary lipid than that of the oggs .

Lasker and Theilacker (1262) found elevated levels

- 0f 16:0, 20:5w3 and 22:6w3 and reduced 18:1 in the ovary
compared £o mesenteric fact of Pacific sardines fed a natural

i copepod dict. Ovary of sardines retained high levels of
20:5&3 ard 22:6w3, o '

Thus, there is an urgent need to study the bilochemical
changes occurring in the gonad and muscle during maturation
- with reference to nutrients intake for evolving practical
feeds for broodstock.,
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It is the pioneering work of two renewned statisticians
‘Prof. R.A. Fisher and Dr. F..Yates in the nineieen thirtees
which laid the, foundation £o: the development of the subject
‘design of experimenta' ?he subject had 3 phenomenal
growth to cope up‘with the fast increasing needs of experi~
mental sciences. Today it is a very well established branch
of applied statistids and there are several text books and a
large number of theoretidal and applied papers in literature.
The present note discusses briefly the need for statistical
designing and. presenta some simple designa uaeful for fish
nutrition experiments. o S .

:1. Need for Statisgical Designing Lo

The validity of the findings of scientific experiments
depends on the type of data collected and tbeir amenabdlity
to statistical analyais.q Considering the impprtance. stati-
stical methods are noy taught as cempulso;g gubjects in,all
the professional courses. Even thgp, fany a research worker
. feels hesitant tq avail of the appropriate atatistical. .
“hack=up for his experimental programmes. No doubt a stati~
stical design has an unferlying:theoretival todel and assu~
mptions. -Aut the: applicatiochal part is irelatively simple
‘and easy to implement. ' A 'little experience would convince

e -
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that designing ensures objectivity in the procedures and
adds confidence to the ensuing ‘results. e '

“Statisticai*designing“involves the formulation of a- .
scheme or a lay-out plan where the placements of treatments
in experimental unlits ‘are specified keeping in view the
objectives of the programme and the statistical requirements.
Here the word 'treatments' is used in a general sense and
may mean factors like levels of feeding, doses. of stimulae
and stocking densities. - o

_ . Consider 4 feeds denoted by A, B, C and D in a fish
:culture experiment for Gomparison of growth rates.' Let
there be 20 ponds/sub-ponds which can he taken to he homo-
geneous. Under the simplest design. namely,"Completely o
Randomised Design‘ the feeds are randomly allotted to the
different ponds and a lay-out is as foliows.

A |5 |c |5 |3
C D { D} A | B

"Bach feed is replicated Five times and they are-
randomly allotted. Do you need thesé réplitations and -the
randomisation prooess‘bringing in constraints and affecting’
the fréedom of' the: experimenter? Héie ‘domes the basic
question,'hamely, why statistical designing? ; ‘

— .-"

Variahility inLexperimental;material ‘48 an inevitable
feature in any field of research. - Consider -for example two
£ish culture ponds:kept undex tonditions as similar -as
possible with the same area, species, stocking density etc.
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At the time of harvesting one would f£ind that the yileld of
one pond is different from the other. This may he attribhuted
to ‘the unceritrolled variation inherent in the production
-process. Consider ahottier two ponds kept under almost
identical conditionsdd!cept that in orte poﬁd'ﬁupplémEnta:y
feed is given. - Here aghin, at the time of harvesting the
ylelds would be found to he different, - Can we attribute the
difference to the effect of levels of feeding? We cannot.
May bhe the supplementary feed did not contribute anything

~ to the difference in yield and the difference could be

. purely due to the inherent uncontrolled variation. Differences
are expected even when similarity is maintained in the two

- ponds.

- Thus variation introduces a degree of ufiCertainty ihto
the conclusions that are drawn from the results. The observed
| variation between treatments may be partly due to real treat-
'ment differences if there are any and partly to the un-

' controlled factors (commonly called experimental error) which
- influcnce yield even in the absence of any real treatment

- differences, It is therefore necessary to evaluate the o

- magnitude of variation due to experimental error and compare
-with it the .observed variation between.treatments through an
. appropriate test of significance to-conclude whether the

. experiment indicates any real differences in the effects of
treatments. Only a statistically designed experiment can
‘result in the estimation of the different components of
variation and pérmit valid test of significance involving .
probability statements whether a particular difference is -
Aue to chance causes or can be attributed to the.réal differ-
‘ence wotween treatments, E - ‘
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2. Princggges of Design%;g

Two primery requisites in designing experiments are
replication and randomisation. Replicatien or repetition of
treatments provide stabllity to the mean but more than that
makes it.possible to estimate the experimental error by say,

considering the differences between units under the - same

treatments in‘different replications as in a completely
randomed design. It also increases the precision of the .
estimates of hoth the treatment mean and the: experimental

‘error.

Randomisation which means random allocation of treat=
ments to various experimental units, insures that a treatment
will not be unduly favoured or handicapped in successive

replications. It ensures unbissedness of the estimates of ..

experimental error and prcvide for valid treatment comparisons
against thg experimental error (Fisher,1954). When treat-
ments. are replicated and allocated randomly. to. the various
units we are in a position to test the significance of
observed treatment diffgrences by the use of test of signiw
ficance procedures. Thus it is essential to provide for
adequate number of replications and ensure.proper randomi-
satien_a; the planning stage (Panse, gt al., 1964).

" As indicated earlier the results of an experiment are.
affected not only by the action of treatments but also extra-
neous variatien which tend to mask the effects of treatments.
This extraneous variation is conventionally termed as experi-
mental errer (er sometimes called ‘exror'),. where the word
terror' 18 not synonimous with mistakes but indicates all
types of extraneous variation (Cochran, et al., 1973).

There are two types of experimental errors, one refers to
the irhercnt varlahility in the experimental material or
units to wuizh the treatments are applied and the other type
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-refers to the failure to-standardise the experimental
technigue, - It 15 .dgsirgble. that the expgrimental error 1s
kept as minimum.as;posglble ag otherwise a- large difference
in the treatment means will only he detected as significant.
preoiaion oglthe_estimatee. .gne way to redgce the“error is
by ensuring uniformity in the conduct of the experiment.
Another ‘way is by skillfully grouping of units. -

- Consider for instancg an experiment with a number of

" replications all the treatments being tried in each replicate.
The error from any repliéate can arise only £rom sources of
variation that affect the units within the replicate.
varlation between replicates do no contribute to the error.

- Thus if the exnerimental units form a very‘he;erogeneous set,
- try to group them/eo that units in the same Feplicate is as
homogeneous as poesible while variation between replicates

- could be 1arge. BY this prbcess from the total variation in
the observations the variation hetween replicates can be
removed resulting in the reduction in the error variance
(experimental error), The device of reducing errors through
such suitable groupings is called locsl ¢ontrol.” Looking

- from another angle, if treatments are allotted to a replica-
tion with homogeneous units their differencea indicate the
real variations between the treatments, The principle of

- local control is the basis for experimental designs such as
‘randomised blockstland 'latin squares',. Whers. the number of
treatments to he accommodated in a replicate becomes large,
the homogeneity within a replicate tenda to be lost and can
:be restorcd by dividing the replioation into amaller blocks
'which is the hasis of confounding in factorial experimente
and aiao various ineomplete block designa.
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‘A flow - 'chark indicating the three principles of
designing and their functions is sﬁ’dwn belw:
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© 3. ..Some Designs Usgful For Nutrition .Experiments

(i) ‘Random.‘l.sed block SR BRENE

o One of the most comnly used plans is the randomised
o hlock de,sign where experimental material is. divided into
block each of wh.ich constitute a single replicat.e in
such a way that the units within a block is as homoe
geneous as possible. The treatments are now randomly

allotted to the experimental units within a block.
This iroreases the comparablliity of treatment effects
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as they act under condiﬁions ﬁhich are similar except
for the treatments. For instance in an experiment to
select an economic supplementary feed mixture from
among 4 pkepared'mixtureé for pfawﬁ culture, 4 ponds
 all located by the side of the main water wody like
the backwaker or estuary could ve’ grouped as one block
or replicatipn and allot-treatments at random. The
next 4 colild be ponds running paralled ‘to the first
set But more inside the land so that within a block
salinity and assoclated Batures are l1ikely to be
similar. 'This arrangement takes care to a good extent
' salinity gradient likely to be reducing when moved away
" from thé maif water tody: In the experiments if there
are 5 replications there will he total 20 ponds. If
all the 20 ponds are more or less similar no blocking
or stratification 'is required and the tréatments could
he randomly allottad overx the entire range of the 20
ponds. Such a design is ‘Balled completely randomised
design. However if heterogeneity in the features in
the ponds 1s suspected 8t is desirabie to provide
blocks which may help in xeducing the experimental
error. A laysout plan for .randomised block design 1s
" given helow . - - T
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‘ In randomised blocks one-way restr#ction is impgsed,

.. If heterogeneity is suspected in two directions e
experimental aroa can be divided inba rows and £olumns
and_tpeatmentg_arefgpplded,;n suchka_way_tha':a treat=

. ment appears only once in a row ap@-once in/a column.
Such an. arrangement is called a/'atin square design,

. Through elimination of row andecolumn e _eota the
residual error variance may pe very mych reduced. With
two-way stratifications the latin sgdare controls more

.varjation than randomised plock degign resulting often
in smaller error mean squgre. However the number of
treatments is limited to, the n r of rows or columns

-and for large number oﬂ.treagﬁ;ﬁ::,;t.is no_pteferred.

(1ii) Factorial egpérimenté in cgﬁpleté and incoqglgﬁe blocks

Consider an experim/ht to study the effect of
different 1lévels of. ppbtein and energy on weight of
Cfish in culture poﬁd;; “If there are’ say 2 levels for
- each’ factor there Will be:in all 4 (2 ) treatment
combinations. A group of treatments which contains two
or more levels:df two or more factors in all combina-
tions is known as ‘the factoral'arrangement. The
different c:;zdnatlons could be allotted as in a
randomised,block design. The experimenter could try a
one-facto:hat—a—time approach. The advantage in
*actoriaf experiments is that not only the main effects
hut algo the interactions between factors can be studied
and tgsted for statistical significance.

“If the number of factors and levels are large, say,
3 factors salinity, temperature and oxygen content at
? levels each, the number of treatment combinations
wiil mwe 27 (33)0 It may be difficult to get 27 experi-
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mental ponds, which are,more or less homogeneous with regard
~ to factors other than being tested so that the principle of
 stratification to reduce experimental error cannot be

' implemented. An ingenious device to overcome this situation
is called confounding where a homogeneous block will not

- accommodate the full replication. One replication is
divided into-say, 3 compact blocks such that the units in
the-smaller blocks are homogencoug. The 27 treatment

' combinations can be ‘divided into 3 groups of 9 each and -
allotted to the 3 compact blocks (Cochran and Cox, 1973) .

{iv) Switchnover

There are occasions in which treatmenta are applied in
sequence over several periods oh a group oﬁ_individuals.
Consider an experiment to study the effect of mineral
supplementation of two types on lobsters Kept in artificial
tanks. If there are say, 12 groups of ldbsters separéted
and kept in tanks with sub—partitioning. then the two types
" of supplementations are given such that half the groups
‘received say, type A and the other half type B in period 1.

The lohsters receiving typé A in period 1 will get type B
in period 2 and vice versa. Such a design is ‘called switche
over or change~-over design (Federer, 1973). On the other
hand if a time trend is expected in the character under
study a switch~back or a:-douhle reversal Qesign will have to
ve used. In these procedures a rest period'is to be provided
bhetween two treatment periods so that there is no carry=-over
effect or residual effect influencing the treatment.
during the second period, However if a reasonably long rest
period is not feasible or the residual-effect is itself a
topic of interest the procedure is to be modified so that
direct and residual effects of treatments can also be

B
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4. Statistical Anélység

. Once the data become_avaiiable'it is essential 'to
follow appropriate statistical procedures for'analysis."The
type of analysis basically depends on the design used, .
Computational details for forming the analysis of variance
table and for performing test of significance are avallable
in several publications (Cochran and Cox, 1973). |

Some_eXPerimenters do not bother to follow a design
but try to analysis the data statistically. Some others
£ollow a design but do not care to follow the appropriate

..prrOCGdee of analysis. It is essentlal in scientific

_ experimentation to follow a suitable design and analyae the
data through appropriate procedures.f

S5 Numper of Reglicatioqg

One aspect need -to be_st:essed‘here,-namely, the pro=
vision of enough number of replicatidns in an experiment, . -
Consider the earlier example of 4:£eed mixtures which are
tried for economic evaluation in prawn culture. If the.
ndxtures are allatted only one each in four ponds without
replication we will get only a single figure on, say, cost
of production of a unit weight, for one mixture. Thus
with four treatments the character under study will have only
four values, a single value for each, and no statistical
analysis is possible (Jacob gt al., 1978). One way is toc
partition the ponds into 4 sub~ponds which may provide 20 -
values, 5 each for one treatment for analysis. It may be
stressed that apart from reducing experimental error
replication of treatments alone can provide an estimate of
the éxperimental error essentially needod for treatment
conparisons.
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The question of minimum number of replications required
"is of great importance in aquaculture experiments because of
the cost involved and the inherent special problems compared
to experiments on land. An-important consideration in
determining the minimum number of replications is that the
test of significance should he sufficiently sensitive to
detect real difference hetwoen treatments as distinguished
from variation due to chance causes. The sensitiveness of
the test will depend primarily on the magnitude of varia-
tions in the experimental units with regard to the character
_under study. If the magnitude is known the number of repli-
cations required for detecting a particular difference with
certain confidence can be worked out (Fedever, 1967, Panse
et al., 1964). In the absence of any knowledge regarding
the magnitude of variability the_nuhber of replications
‘could be'decided in such a way that at least 12 degrees of
freedom are ensured for error. This 1s inferred from the
fact that the tabulated value of ‘F! at the conventional
level of significance of S5 per cent ceases to fall off
rapidly for degrees of freedom beyond 12. On this basis
the minimum number of replications can be worked out for a
particular design,

6., Concluding Remarks

The need for statistical designing and some guidelines
for planning experiments have been dealt with in thée pre-
ceeding pages. Some of the simple designs which can he used
in fish nutrition experiments have been presented. The
references given at the end would provide a wide range of
.useful designs, However, it may be observed that considering
the resources available and the special nature of certain
‘problems some amount of tailoring may have to be resocrted to,
to suit particular situations. Once the data are acquired,
statisticel =nalysis appropriate to the design employed has
tu he carried out sc as to arrive at conclusions relating
to the hypothesis under test.
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s Tb sum up. statistical dcsigning of experiments
attempts to minimise the effects of heterogenity in experi—
mentalfunits from treatment comparisona, reduce experimgntal
error, provide unbiaéséd estimates and ensdre validity in
taest procedures. The test of significance ecmanating from
the design exerts a sobering influence on the type of .
experimenter who Jumps to cxciting conclusions that can aa_
well be ascribed to the natural variation inherent in the
experiment . (Cochran, et al., 1973).
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- Nutrition amrd pathology are related discipiines.

 Gounelle (1961) observed that "Every disease has a nutriti-

~ onal aspect. Pathology is concerned with'specific disease

- process and resultant tissue changes in the individual what_

f ever its systemic'poéition. The study of’disease process

- involves at a greater extent the histological examination of

~various organs and tissues. The histological examination of

-~ tissue in a nutritional experiment provide an opportunity to

- ohserve the resultant changes occurring at cellular level.
é'Many"times a particular treatment may not produce any

f physiological or reproductive effect'immediately; however
histological examination may reveal cdhsiderahle changes.

It is also important bhefore advocating any feed oOr a

combination of feed for field use we have to ascertain

- whether the said combination contain any type of toxic factor.
This can we settled only by conducting an experiment in which

; histopathological examination forms the major component.

 General histological pigture in fishes

A knowledge of genéral histology is essential for

- interpreting changes due to experimentai manipulation. The
“wasic histologic pattern is similar in all vertehrates and
a knowledge of mammalian histdlogy is helpful. However it
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should be noted that fishes are net primitive vertebrates
and they have undergone considerable adaptation to suit
their'aquatic environment. Even among filshes there. is
considerable variation between various species. It is not
possible to discuss each individual separately. We .will
confine to a general discussion on histology.

Integumentory

The skin of fish has got -following layers (1) cuticle
(2) epidermis (3) basement membrane (4) dermis (5) hypo-
dermis. Cuticle is a muco poly saccharide layer secreted
by epidermis and may contain sloughed cclls, immuno-
globulines, lysozyme and fatty acids, Epidermis is a
startified squamous epithelial layer formed from Malpighian
cells. Many of the cells are mucoid (goblet cells). 1In
addition eclub cells (Shreckstoffzellen) which produce alarm
suhstances, granule cells and cysts are found in epidermis.
. Dermis consist of stratum spongiosum containing chromato-
phores-~(melano phores Lipovhores erythrophores), mast cells,
scale buds and the stratum compactum which provides stru-
ctural strength,.

Hypodermis is a lose tissue containing fat cells and
is highly vascular, ‘

Structure of Bone: Bone tissue is a cellular,

Muscles are organised as distinct zones in many species.
There are two or three types. .

(1) Muscularis lateralis superficialis (red muscles) rich

vascular supply.

(i1) Muscularis lateralis profoundus (white) poor vascular
~ supply.
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(1ii) Pink muscles - contain both type of £ibres. In red
muscles nerve ending are engrappe (middle), in
white muscle they are en platte or terminal.

Respiratory system

- Gills are made up of four holohranchs and each
" holohranch is divided into two hemihranch. Each hemibranch
. has a row of f£ilament projecting 'like the teeth of a comb.
é They are the primary lamellae, The surface of primary _
| lamellae has numerous semilunar projections called secondary
2 lamellae. The gillarch is osgseous structure from which

- radiate the bony support of primary lamellae. The arches
Q contain afferent arteries and efferent arteries. The
- gillarch and lamellae are covered by epidermal tissue. At
é primary lamellae the epidermis“ﬁhicker and contains.
| numerous mucus cells. Below the epidermal’layer lymphoid
zoells eosinophilic granule cell and phagocytic c¢ells are
Eeeen in 1oose.connecti¢e tissue,

Secondary 1amellee consist of an envelope of epithelial
cella one 1ayer thiok separated by contractile pillar cells
which are arranged in rows 8~10 microns. apart. The pillar
celle spread on beeement membranes in the form flanges and
coalesce with the neighbouring pillar celle forming the _
lining of blood 8inuses which connect’ afferent and efferent
vessels." The piller celle can regulate blood £low and blood
pressure through gills.

Ew \

‘Heart: M.:sc:le £ibres are approximately 6 micron in diameter
and are similer to memmelian one with interoelated discs.

In atrium muscles are erranged in the form ‘traweculag with

a lining of endothelium which is phagocytic, Sinus venosus

1s mainly-collagenoue connective tissue, '
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Ventricle had two layers of muscles. Outerlayer is
compact and inner layer spongy and in the form of trabeculae.
Outer layer receives nutrition from coronary vessel where as
inner spongy layer takes it directly from luminal hlood.
Bulbus arteriosus 1is formed of elastic tissue. Pedicardium
is similar to other vertehrates.

arteries and veins: The hasic pattern is same as in mammals.

Haemopoetic tissue: Haemopoetic tissue is located in stroma

of spleen, interstitum of kidney and periportal areas of
liver,

Renal haemopoetic tissue

Anterior kidney is exclusively haemopoetic and the
support matrix of posterior kidney also contrihute to a
greater extent. It consist ef a stroma of reticulo endo-
'thelial cells with numerous blood sinuses and blast cells.
Spleen

It is a lymphoid organ. Splenic capsule is fibrous
without any trabeculae. The main elements in spleen are
- ellipsoids, spleenic pulp and melanomacrophage centres.
The ellipsoids are thick walled filter capillaries derived
from spleecnie arterioles. Each consist of thick walled
hasement membrane bound tuhe in which artery is usually
placed ecentrically sheathed with phagocytesfnd erythrocytes.
Spleenic pulp censist of phagocytic tissue supported by
argyrophilic finres and with numerous blood sinuses,

Melano macrophage centres

Found in kidney, liver and spleen. These are foci

containing numerous pigmented cells/phagocytes containing
cercid, haemosiderin and melanin.
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Thymus

.- Located at dorsal commissure of operculam as paired
‘organ., It is an aggregate of small lymphocyte covered with
fihrous capsule and stroma formed by fine argyrophilic cslls
and fihres. Epithelial cords are seen occasionally.

Reticulo endothellal system (RES)

RES in fish consist of promonocyte of haemopoetic
tissues, monocytes of blood and lymph, macrophage of
connectlive tissue, kidney and endothelial cells (Phogoeyte)
of atrial lining of heart. Melanomacrophage centres are
also part of this system. There are ho lymphnodes.

Excretory kidney

Kidney in fishes is a'cumplex organ having haemopoetic,
reticulo endothelial, endocrine and excretory functions.
anterijor kidney is haemopoetic and posterior portion only
had the nuphrons. Nephron structure varies hetween marine
and freshwater species. In fresh water forms nephron
comprises vascular glomerulus, ciliated neck, two preximal
segments, one with wrush border other without brush border,
a narrow ciliated intermediate segment and a distal segment
which joins collecting duct system. In marine forms
nephron consist of glomerulus neck segments, two or three
proximal segment occasionally inter-mediate segment found
hetween 1 and 2 proximal segment ond the collecting system.
In euryhaline species nephron is similar. to marine except it
may have a distal segment.

Digestive system

1) Mouth, is lined with stratified squamous mucoid epithelium
on a thick hasement memhrane and condensed dermis attached to
wony structure. Mouth and lips contains the taste buds also.
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Qesophagus

Epithelial lining is stratified and rich in mucus
cells, Muscularis is straited,

Stomach _ : A

Mucosa is lined with mucoid columnar epithelium.
Mucosa is thrown into folds and pits. Submucosa contains
eosinophilic granule cells. Muscularis comprise of several
layers smooth muscle fikres. | '

Pyhric caeca

Histological features are similar to intestine,

Intestine has a sifiple mucoid columnar epithelium, over-
laying a suhmucosa containing large numher of Eosinophilic
granulezcelis and limited by a dense muscularis mucosa_and
finroelastic layer. Rodlet cells are frequently seen
(oval cells). '

Liver: Histology of fish liver differs from mammalian in
that the hepatocytes are arranged not in typical cords or
lohules. Sinusoids are irregularly distributed and their
number -1s much less compared to mammals. Sinusolds are
lined by endothelial cells. Kuppfer cell are not present.
The endothelial cells are fenestrated. Number of fat
storage'cells (cells of Iato) are seen in-space of disse,
Billary system orginate as intracellular bile canaliculi

- which by anastomosis form the bile duct. The gall bladder

is lined by transitional epithelium which contain rodlet
cells.

" Pancrgas: It varies in its location, It may bhe found among
the fat cells in mesentery of pyloric caecum; Sub gapsular
investment of spleen or ground the'hepatic portal vein.

‘The acinar structure of exocrine pancreatic'tiésue is very
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similar to that of the mammals, Pancreatic duct usually
joins the common bile duct.

Reproductive system

Testist Comprised of series of tubules or hlind sacs, the
'seminiferous tuhules which are lined with spermatogenic
epithelium which also has tall pyriform sertolicells..
Leydig cells are (Polygonal) seen in between tubules
interstitial, 7

ovary: Structure varies from species to species.

Nervous system: It has two components (NS) (central nervous
system) and PNS (Peripheral nervous system).

CNS: Brain and spinal cord are invested by single menigeal
layer, the menix primitiva enclosing cerebro spinal fluid
produced hy choroid plexXuses. CNS tissue is divided into
grey and white matter., Other histological élements are
same except Mauthenerian group of cells =~ they are two
large neurons found in the medulla. The parts of “hrain
are Telencephalon, Diencephalon, the mesencephalon ‘and
medulla ohlangata. Cells constituting nervous system

are neurons and supporting cells, the neuroglia (astrocytes
01igo dendroglia and microglia). '

Special_ sense organs |

Eye = hasic structure is aimilar to that of mammals with
species variation.

Lahyrinth - It consist of semicircular and ottolith organs .

Lateral line system: Paired lateral line canal and in some

_ head canals also. The mechano receptors are situated hasally
forming the neuromost which comprise pyriform cells with
hair like structures. i '
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Olfactory and gustutory senses

Olfactory tissue consist of focal groups of receptor
cells, surrounded by mucoid and ¢ciliated columnar epithelium.
Sub epithelial loose connective tissue contains large-number
of eosinophilic granule cells. Axon of olfactory bulbs
collect from bases of receptor cells. '

Gustatory organs-or-taste buds are situated on outer
surface of lips, head, barbels, fins, gillrackers, gill arches
and mouth. Buds are formed by elongated cells forming a
sphere the receptor the basal and supporting cells.

Endocrine system

Pitudtary - situated in cella tursica 6f skull., Consist of
neurohyophysis and adenohypophysis. Neurohypophysis consist
of a stéik_of axons whose neuro secretory neurons are
situated in hypothalmic'nuclei.

Adenochypophysis divided antomiéally into pars inter
media and pars distalis .composed of basophils, acidophils
and chromophobes.

Thyroiad g;and:-ICQnsist'Qf various follicles, lined with
cuhoidal cells distributed diffusely throughout connective
tissue of pharyngeal area, around eyes, ventral aorta,
hepatic veins, adrenal haemopoetic tissue,

Adrenals - Cortical tissue is-located in anterior kidney as
‘strands of lightly staining cuboidal eosinophilic cells.
Medullary tissue or chromaffin tissue is found accompanying
the sympathetic ganglia, in between anterior kidney and
spine or even in anterior kidney. |
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Ultimobranchial gland = Serum calcium regulating gland.
Appear as cords of polygonal cells lying ventral to oeso-

‘phagus within the septum separating sinus venosus from the
ahdomen. '

Corpuscles of stannius = Paired whitish cluster of tissue
consisting large clear endocrine cells secreting into centre
of the cluster are 1oca£ed'retroperitdnially-on the surface
of kidney. ' '

Islet of Langerhans

Scattered throughout the pancrcas are small islets
which are poorly staining structures comprising of small
fusiform alpba, Beta and béita”&ells.\ In §Qme'te1eost'
there is a major islet called Brockmén“bqﬁy,

Urophysis - It is a whitish ventral expansion of spinal
cord at the CaUdal end, It is- composed of neurosecretory
axons extending £rom cord. '

- -

Pseudohranch and Chroid body

Red gill like structure attached to internal surface _
of opercuium derived from first gill ‘arch, It consist of -
parallel blood capillaries supported by cartilage rdods and
have direct connection with choroid of eye.

Choroid rete:- consist arrays of capillaries alterna=-
ting with rows of slender fibroblast_like*cells.'

HISTOLOGICAL LESIONS DUE TO NUTRITIONAL FACTORS

Starvation: Marked redioction in sacréplasmal content of
myofinrils with vacuclation and central migration of nucled.
In digestive tract reduction in goblet cells in muscosa.

In submuscosa increase in £ibr6 blast and collagen.
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Pancreatic acini hecome shrunken. Increase in th?}???eicf
melano-macrophage centres.
Proteihs" Information en proteins is very little, Growth

_reductlen and various abnormelitles ef bane may result from
deficiency. '

-Carbohydratee. Excessive carbohydrates may lead to liver
cell degeneration end excessive deposition of glycogene in

liver, Blood sugar level increase was-noticed 1nhtrout
. with degranulation and hypertrophy of beta cells of islet
‘of langerhans.

Lipids: Excessive fat may leed;to fatty li§er'eyndrome.
'Eesentiel fatty acid deficiency may lead to depigmentation,

- fin erosion cardiec myopathy and fatty infiliteration of
hepatic cells' ceroid in liver and thlckening of cell
‘membranes of fatty tissue. Rancid fat or fish fed with
trash feed may develop lipoid liver condition in which
extensive lipid infiliteration of hepatocytes with distortion
of hepatic muralia, Haemopoetic tissue undergo degeneration
with high levels of pale staining pigment in melano'macro-
phage centres. Extra haemopoesis in portalltriad and
epicardium.

Vitamins

" Fat_soluble vitamins

Vitamin A: Hypo vitaminosis A in fish will result in Kerato
malacia.'blindness; and haemorrhagee at the hase of fins,
Hyper vitaminosis result in wide epread'epithelial sguamous
metaphasia and osteopathic conditions.

‘Calciferol (vit. D).

This is an area which has not heen explored properly.
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e Deficiency in the diet result in degehekatiOn aﬁd
necfogis of striated muscle fibres, steatitie Iipoid g e

'“d@?cf

‘.rl

generation and hepato renel syndrome. (?atty degen

live: and nephrosis withnephro geicinosis)

ey Fe e d o

B T T '-' - -’) .F‘ "LJI;; ~:~':' i:r
- Deficiency result in prolonged clott

_ will e extensive .capillary haemorrhages, .in. nusgleeﬁand
o visoena coupled With anaemia'r BT Load o Do g

.‘ ‘-f..

- Hater soluble,vitemina_ RN B CYY £ LL R RO P ALk P
S SRS B T S TS I _{_._-‘__\'.’-;_:_.'_ PR N b RS
Thiamin (Vitamin B v,.eze~ffgf' g; N

,negrqns ef periventricular nuciei.{f m@_d-mmi-
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‘Rivoflavin B ;r; D R
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Deficiency of thie vitamin result in. vascularisation
ot cornealof aye- Leading £0. catarace.s . Haemorrhages in eyes
and opercula have alao been rEPortedf gJArZ._z:afﬁ'*fgfn

Pyrodoxine ;iin:w~‘:ﬂ*5“e, I LN I SR
No detailed study on; histological lesion has not been
done “however symptoms of deﬁiciency suggest nervous system

invo].'vernent._,___~

Botih B R L _
' Deficieney result’ in-cuticular thickening. - -

o;ig 3¢ 1g, B

. Deficiency leads to euppressicn of haemopoeiSis in '
kidncy and spleen.. Absence of blast cells are the main 1;
feature. |
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Cynocobalamin (Vitamin 312) -

Not much information is available.

Choline
Deficiency result in fatty infiliteration of liver
and haemorrhages.

—

Ascorhic acid

Deficiency of Vitamin C results in poor -wound healing,
failure of granulation tissue o fibrose and abberant
development of cartilages and hona.

Minerals o -
very little is-known about mineral deficiency in fishes
except goitre caused by iodine deficiency. The-hepatc renal
syndrome and renal calc;nosis are suspected to bhe due to

mineral imbalance.

Hepatorenal syndrome and renal calcinosis

The liver showed. peribiliary cirrhosis and  inlkidney
biliary-hYperplasia, extensive tubular necrosis or fibrosis.
In a number of species hyaline droplet depesition occurs '
within ‘the cells of proxlmal convoluted tubules. Extensive
cast formation and urelithiasis may result-in later stages e
after. considerable tubular necrosis and fibrosis,’

Nephroca101n051s or urolithiasis is characterised -by
dep051tion of ca101um or magnesium salts withln renal tubules.

Toxic oomponents _ -

- . Aflatoxin at. the level 1 PPB can indUCe neoplastic
changes in liver other metabolites inducing necplasia are
dimethyl nutrosamine and carbontetra chloride.

'Mercury. cadmium ahd'other'heeVY'metals may cause
degeneration and necrosis in ‘proximal convoluted tabules of
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Antiniotics and dhemothesapeutics

CQntinuOus"ihérapy may induce toxic changes in tissues
such as depressien of hacomopoesis and especially with
sulphonamides tubular necrosis and cast formation.

Binders

Chemically substituted cellulose bhinders in arti-~
ficial feeds may cause ‘hepato renal syndrome,

Gossypol
" An ingradieht of cotton seed which accumulate in
liver and kidney causing severe liver degeneration and
glomerulonephritis in kidney.

Diahetes mel¥$§é§§ - May be_ﬁroduced in fishes due to protein/
_carhohydrate ratio change or feeding silkworm pupae. In
these cases hyﬁertrophy of islets of lahgerhans'with heta
‘cell dégranulation_énd mesengeal scaplllary wall thickening

| in glomerulli of kidney are the main hiStological'features.
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