\
Proceedings of the Summer Institute in

Recent Advances in Finfish and Shellfish Nutrition
11 TO 30 MAY 1987

CENTRAL MARINE FISHERIES RESEARCH INSTITUTE
Dr. SALIM ALl ROAD
COCHIN-682 031

e O

— — o



Technical Paper-11
SUMMER INSTITUTE IN

RECENT ADVANCES IN FINFISH(AND SHELLFISH NUTRITION

11-30 May, 1987

NUTRITIONAL BIOENERGETICS IN FISHES AND SHELLFISHES

D.C.V. EASTERSON

Tuticorin Research Centre of .
Central Marine Fisheries Research Inst.:l.tute
Tuticorin-628 001. '

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
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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



.ruo" 18 .4

- 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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