\
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 No.5
SUMMER INSTITUTE IN

RECENT ADVANCES IN FINFISH AND SHELLFISH NUTRITION
1130 May, 1987

PROTEIN AND AMINO-ACID REQUIREMENTS IN
FINFISHES AND SHELLFISHES

D.C.V. EASTERSON

ST Tuticorin Research Centre of
-~ Central Marine Fisheries Rescarch Institute,
- Tuticorin-628 001.

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




ae 8 L

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.,





