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PREFACE

The Centre of Advanced Studies in Mariculture established
at the Central Marine Flsherles Research Ia;titute has been
conducting Workshops in Research Methodologies on specialised
disciplines with a view to enhance the competence of the sclenti-
fie workers specialising in researches connected with mariculture.
The main emphasls in mariculture research has been directed
towards the development of economically viable culture techniques
for culturable species of fish and shellfish, with a view to
augmenting the fish and shellfish production of the country. In
order to develop low-cost technolegies the essential operational
inputs have to be rationally utilized.

+

It haz been well established that feedintg constitutes the
major cost of production, often exceeding 50 per cent of the
operating costs in intensive aquaculture o;;eratioru'. Two main
factors affecting the cost af feeding are cﬁmpoaition of the diet
and efficiency of feed conversion. In order to develop laast-
cost formula diets of high conversion afficiency, knowledge of
the nutritional requirements of the dilfferent specles during the
different phases of the life cycls and the nutritive value of the
complex- feed ingredients avalilable in the country to the candidate
species 13 a prerequisite.

The existing information on the nutritional reguirements
of cultivated species of fish and shellfish in India, is meagre
and recently research has been intensified tn this area. Lf
researches on this field could be cerpied ut using standardised
experimental procedures, the data obtafed on the nutrit?onal
reguirements of the different specics could e stored in & fish
atd ghellfish nutrition data bapk, fram where data could be
disseminated to tiie users such as feed mamafactulers, farmers,
extenslon workers and research workers as and when required,

Ik is also tiecessary that the data colliegted on the chenlcal
oconpositlon £ the feed ingredicnts and their aubcitive value
tor the species should be based un standard chemical methods
and exparimental provedures so that the data could be stoered in
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N’utrition is 1ssue|d by t.he ant.{..'g pf A?van(;ed Studies .1.n Har:l.- '
culture on t.he occasion of the workahop on Methodology of Fish
apd shellgish Wtrﬂlﬂ? avy dmedvil
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u;n Mutrition 2t the. %ﬁ m uancuu.g;e, has. beeﬁ kiiﬂ e:mgh'
) uar:.cultm t.he '

vanious mertods on, compgsition, analysis of feeds

coefficient; protein evaluation: b.l.oenemetics; determj.nat:l.on

of essantial amino acid requirements. wsing radioisotope methnd:
ragearch. test diets for fishes and prawns: feed fomulation _
methoda; experimental deaign, ete. Methods of praparation of
microparticulate dlets, phytoplankton and zppp.l.apkton oylture '
methods, ete, are also locluded to facilj.taﬁe larval matrition
studies, . Hany of tha methods given in the manpual have been
standardized for fish and shellfish nutrition studies in India
and abroad. . The users can also gain maxi.mum beneflt by auit.able
modificationa of other methods which are given as guidel.tnas.

o I would like t.o thank all t;ne sclent:ific and technical
staff especlally Shrd s. Ahamed AlSL, pr. I{. Ala.qarsuauni,
Shri D.C,V. Easterson, Shri C.P, Goplnathan, Shri T. Jacob,
Shri M.S. Mathu, .Dr. R. Paul Raj, Dr. A.G. Fonniah and
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le. b. vedavyasa Rao who have rendered assistance during the
preparation of thi= manual. Thanks are also due to Shri Johnson,

Librarian and Shri Kambadkar, Technical Assistant, Central Marlne

risteries Research Institute, for the help rendered i:lythlu in
prioting this manual.

(E.¢, 3il&s)
Director, CMFRI,
Sub-Project Coordinator,
Ceantre of Advanced Studies in Mariculeupw

vy




CHAPIER 9
W
DETERMINATION OF DIGESTIBILITY COEFPICIENT

1 INTRODUCTION

Kutrients present in the feedstuffs are not completely
available to the animal body. Large portions of the nutrients
are sxcreted in the fasces because of being not digested in the
slimentary tract. Tharefore, the digestibility of the fesdstuff.
is defined as the portion of a feed or nutrisant of feed which ia
not recovered in fasces, l.s., the portion which has heen sbsorb-
od by the animal. When the digestibility is expressed in
percentage it is known as digestibility coefficient. Digestibility
coefficients are calculated for dry metter, crude provein, crude
£ibre, ether extract and nitrogen-:ree extract. Digestibility
of Qross energy present in the food can alsc be detamined. The
digonubllity cowfficients nomally determined are the apparent
digestibility coefficients since the nutrients fourd in the
fasces contain mall proportion of nutrients from the previously
utiliszed food in the form of mucosal dsbris, unspent snzymes etc,

2 DIRECT FAICES COLLECTION METHOD

2.1 Apparatus spd reggents required

{a) Specially designed aquarium tanks for collection of
fastes

(b} Asrators

{c} resding trays

{d} Polythene tubes

{e} Porcelain crucibles

{(£f) Hot alr oven

(g) Centrifuge

(h) %ingle pan balance

{{) ©Equipment and reagents required for protein analysis

{j) Equirment and reagents required for fat analysis

* prapared by R. Paul Raj and D.C.V, Easterson, Central Marine
Fisharies Ressarch Institute, Cochin-18.



(k}

(1)
{m)

Equipment and reagants for crude fibre analysis
Equipment and reagents for determination of energy
Expsrimental animals (fishes or crustaceans)

1.2 procedure

{a)

{b)

{c)

(&)

{e)

Take three specially designed aquir.tm{ tanks of
identical size, with provilajon for continucus .

-eoliection of faeces. Fill them with water:and

maintain the level, volure and temparature of
water similar in all the aquaria. The water used
in all the aguarla should be of the &ame source
and salinity level. Aerate the aguaria well to
maintain axygen levels near saturatién in all the
tanksa. : o . o

‘Introduce 10 healthy experimental animals of the
same species, age, size group, etc in each of the
canks,

i

During the pre-experimental feedihg, the animals
are fed on the feed or feedstuff in question for

a period of atleast & days to remove the effects
of previous feeds. (The number of pre-experimental
feeding days can be adjusted depermding on the
gastric evacuation time). b

At tho end of six days the feeding trlal can be
started. Feed the three groups of experimental
animals with 2 known quantity of feed, weighed
accurately to 0,17 in a feeding tray and allow

the animals to feed for about 12 hours overnight,
e feading time can be increased or dscrsased i
basad on the actual time taken for consumptlon

by the experimental animals. ' :

Carefyully remove the fesding trays from the aquarium
tanks and collect the left-over food by centrifuging
ot filtering. Dry the left-over food in an oven at
105%c,
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(£ ) Cellect the fasces at 2 hourly intarvals using a
rolythene tube by siphoning out the fascal peklets
if there is no spaclally designed aquaria for
collecting faeces, cCentrifuge or filter the fasces
and dry ie an oven at 105°C. '

{g) Continue the feeding, and collection of left-over
food amd faec=2s for a periced of 10 days,

{h} After drying, the representative sanples are kept
separately in polythaene bags.

(1) ALt the end of the digestibility trial all the faeces
samples of each aquarium tanks are composfted and
analysed for the dry matter, crude protein, crude
fat, crude fibre, NFE and energy contanta.

2.3 caloulation ’ )
' - I-F
Apparent digestlibility coefficient of pnutrients = DA = =
b4

where I = nutrient intake and F = faegal nutrient
A I=({P=Fk}

True digestibility coefficlent = TD & ~— =
I I

where A » absorbed nutrient; I = nutrient intaks: F = faacal
nutrient and Fk = metabolic nutrient excrated with the faoces,

3 CHROMIC OXIDE INDICATOR METHOD

A breakthrough in digestibility studies of nutrienta was
the use of inart materials, and in particelar the use of
chromium oxide (Cr203}.

Shramium oxide mixed with prepared diets and measured in
the faeces provides a general comparison of the overall digesti-
bility of a feed axpressed as:

Lr,0, in farces
percent digeatibility = 10~ :
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* When the percentage of a nutrient in the feed and
faeces i3 analysed as well as the correspording percentage
of the indicator substance the digestibility percentage can
ba calculated by the formula:

Apparent digestibillity coefficient

%Cr203 in feed % nutrient in faecea
= 100-

X
%Cr203 in faeces % nutrient in feed

Caution:

The chromic oxide for commercial use has to b purified
for removing the toxie chromium compounds., The toxic chromium
compounds can be removed by ropeated washing in N HC1 using
glass fibre filter {Whatman GFC) and boroslilicate glassware.
After repeatedly treating with hydrochloric acid the powder is
washed, thoroughly in distilled water, dried at 120°C for
24 hours and stored. Thus, treated Cr,04 is mixed in a definite
percentage to the feed.

4 DETERMINATION OF CHROMIC OXIDE IN FAECES

4.1 TITRIMETRIC METHOD

4.1.]1 Principle

The well mixed faecal matter containing organic waste
and chromic oxide marker is digested with nitrjc acid to
remove organic matter. The resultant aclution is sultable
for estimation of miperals in addition to chromium. On the
addition of perchloric acid the chromium oxide is oxidised
to dichromate which 1s estimated by adding an excess of
ferrous ammonium sulphate and titrating the mixture.

4.1.2 Reagenta

{a} Hydrochloric acid

{b) Nitric acld, Analar

{c) perchloric acld, &0%

{(4) Sulphuric acid {6N«~167 ml of Analar sulphuric
acid diluted to 1 litre in distilled water)
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previcusiy, heated, ta 1003, cobled; and, ssored
iAn a dessicater in 1 litre of 2711 sulphuric

acid. Check the normality.

S8}, Ferrous s nopium. sulphate (0.1 H)::

boaaopsy rhbasolyehaboidtid0g-! !&tmms ‘anidn (- sulphate

t. ir (PESOZENMEYS. WGMyOMM EUTILEE GET2N sulphizic
% .ecidi “Check:thd mmﬂt?fﬁwh*daf’befm use. o
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(g} Indicator solution-

Diasolve O.1g of N~Phenfléfthraniife dosg - -

iW2 ml of 5% sodium carbonate and dilute to
100 ml with distilled water.

4.1,3 PO E!Em . o Lzdlaewst miidua _._ ~ i
(a) weigh about 50-100 mg of faeces contalning”
1-3 mg of Cr,0, into & 100 ml gonica) .
or a kjeldahl f£lask. T

{b} Add 5 ml of conc nitric acid .

{@1s0ALseL Salnutes, 2boil 'chd contéits’ Jently th-s
hot plate for about half an hour in a fume cuf™
board (Alternatively samples can be d.i.gaaeed in
2233 sl ey i ﬁjeitéc ‘Q}&é«n, i svajlable). Addi-
nei Lt ve dnnil 1 & ey adégd'\t”o:';;pevent t-.he content
becoming dry.

{d)  codl "WHE Hda 3 WeE sofpe' hior.tc aeid. Heat |
SSW%%T%”M\{&‘EE feh plastic
’E?:'i‘é"érf WELS: 68 mork’ 'fwnes avélvos ahcl al.l. nitric

T SN Ran B en” tEvoved,” '

RTEE B S A O A A
{e} Tf;chropdum di# prosent Ehe. Bolu‘tlbh ‘becomes
bx_:illiam: golden in colour. <Oool and wash the
digest into a 50 ml volumetric flask with
distilled water.
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To this add 5 ml of 6N~H2304. Sml of Q.1 N
ferrous amnonium sulphate and a drop of indiscator
Titrate the mixture in a 10 ml burette with stand-
ard 0.1 N potassiuwn dichromakte untll the green
golour of the solutlon turns to slate=grey, which
turns to cherry colour on standing.-

d,1.4 Calculation

If ‘%' ml of C.1 N potassium dichronate solution is
required, then the dichromate in the digest has reached
with 5 't' ml of 0.1 fe.rous ammonium sulphata. 1 a1l of
0.1 N dichromate is equivalept to 2.53 mg of CE e Tiws
2.53 (5-'t*} mg of Cr 0, can be present in the digest,

4.2 SPRCTROPHOTOMETRIZ METHOD

4.2.1 Reagents

As in the titrimetric method

4.2.2 Equipment

spectrophotometer

4.2.3 Procedure

Tollow procedures ‘a' to 'd' as given in titrimetric

method,

[e)

(£)

Cocl and wash the digest into a 100 ml volumetric
flask and make up the volume by adding distilled
water,

“ix well and after allowing a minimum of

S minutes measure the optical density at 350 ma
in a gpectrophotoneter, The poarcent chromic
oxide is rewd from a standard curve whare 'Y’
1s the opticol Jonsity at 330 mp end 'X' the
Ir,04 content of the sample in my/100 al,
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