Fishery Technology
1994, Vol. 31(1) pp: 29-35

Retention of Amino Acids in the Carcass of
Fish Protein Fed Rats

K. Ammu, Jose Stephen and K. Devadasan

Central Institute of Fisheries Technalogy
Cochin - 682 (29, India

Retention of Individual amino acids in the carcass of albing rats fed on fish proteins
as the sole source of dietary proteins for a 3 weeks period has been studied al various levels
of protein in the diet, Upto 20% protein in the diet, net synthesis of atieast some aming acids
were noticed, but above 20% protein, fish protems could meet the requirements of all amino

The influence of the nature and level of
dietary proteins on the utilisation and reten-
tion of individual amino acids has been
studied by various workers (Pellet & Kaba
1972; Bunce & King 1969, b; Aguitar & Har-
per, 1972). Vegetable proteins from different
sources and milk and egg proteins have all
been used in these studies, But, such studies
using fish protein have not been reported.
Studies on carcass amino acids have been
mainly aimed at computing the amino acid
requirements during different stages of
growth (Herger & Frydrych, 1985; Allison,
1964; Yoshida & Ashida, 1969). Some studies
reported the effects of feeding amino acid
mixtures of varying composition on the final
earcass amino acid co sition of rats
(Yamashita & Ashida, 1969). Bunce & King
(1969a) observed that the dietary level of
protein is also an important factor in deter-
mining the carcass retention efficiency of
amino acids.

This paper reports the results of astudy
on the effect of feeding varying levels of fish
proteins, on the carcass amino acid composi-
tionof albino rats. A low amino acid diet con-
faining essential (2.7%) and non-essential
{2.3%) synthetic amino acids was taken as
the reference diet.

acids of the rat, Above this level, the protein was not utilised for body protein synthesis by
the rat. The protein efficiency ratio showed maximum value st 10% profein in the diet

Materials and Methods

Forty nine three weeks old male rats
(Wistar strain) bred in the Institute’s animal
house were divided into seven groups, The
mean initial weight of the rats was 30 g. The
rats were housed individually in metabo-

_ hism cages kept in a room maintained at

2042°C with adequate light and air. Urine
was collected in bottles containing toluene
and dilute hydrochloric acid to prevent bac-
terial growth and loss of ammoniacal
nitrogen.

Rats of one group were sacrificed on
the initial day itself to serve as the control
group. The other groups of rats were fed
with diets containing varying levels of fish
proteins and one group was fed with the low
amino acid diet containing a mixture of 2.7%
essential and 2.3% non-essential synthetic
amino acids {Yamashita & Ashida 1969), The
basal diet contained 45% starch, 32%
glucose, 5% refined ground nut oil, 4% salt
mixture (LLS.P.), 1% vitarmin mixture (Chap-
man et al., 1959) and 3% cellulose. The
protein content was adjusted to 5, 10, 15, 20
and 25%. Fish powder was prepared by
drying fresh Rohu (Labeo rohita) fish muscle
in a tunnel dryer at 40°C and defatting the
dried and powdered fish muscle using
petroleum ether. Protein content of the
defatted and solvent free powder was 88%.
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All the rats were fed on the respective diets
ad lihitum. Residual feed, faeces and urine
were collected quantitatively in each case, At
the end of the three weeks of feeding, the rats
were starved overnight and sacrificed.

To hydrolyse carcasses, faeces and
urine, the samples were refluxed with 6N
HCI (100 volumes/g dry matter) under N2
for 24 hin a 2 | round bottomed flask. After
hydrolysis, volume of non-lipid aqueous
layer was noted, Feed was hydrolysed with
6N HCl at 110°C for 24 h in sealed evacuated
tubes, Amino acids in the hydrolysates were
determined using a Technicon NC2 'amino
acid analyser. Total nitrogen in carcass
hydrolysate (aqueous portion only), feeds,
faeces and urine were determined by the
microkjeldahl method (AOAC, 1975). Tryp-
tophan in the fish powder was determined
as per Sastry & Tammuru (1985). Mean
values for each group were taken from the
average of duplicate determinations foreach
rat. Subtraction of the zero day values for
amino acids from these values gave the car-
cass retention of individual amino acids. Net
intake of individual amino acids was com-
puted in each case from the amino acid com-
position of feed and the total quantity of feed
intake. From  these values, mnet
catabolism /synthesis in the case of each
aming acid was calculated.
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Fig, 1. Feed efficiency, weight gain and amino acld gain
in rats fed with different levels of fish protein
in their diet,
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Results and Discussion

The fish protein used in this study
(muscle powder from rohu) had a more of
less balanced amino acid composition, as can/
be seen from the amino acid score for the es-
sential amino acids against the FAO/WHQO
pattern (Table 1). Fig. 1 gives the total amino
acid gain, feed efficiency (Weight gainasg/g
feed consumed) and average net weight gain.
per rat in 3 weeks, as a function ol the per-
centage of protein in the diet.

All the three parameters recorded a
gradual increase with increasing protein
comtent in the diet. When protein content
was increased beyond 20%, all the three
parameters showed a decreasing trend,
While in the case of feed efficiency and
aming acid gain this decrease was noticable,
the weight gain curve almost levelled off
beyond 20% protein in the diet. The syn-
thetic amino acid diet was comparable to the
5% protein diet in its amino acid content.
Taking the synthetic amino acid diet as the
baseline, the percentage deviation in the feed
efficiency, amino acid gain, weight gain and
the protein efficiency ratio (PER) were
plotted for the different diets (Fig. 2).
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Fig. 2 Deviations of protein quality parameters from the
T amine ackd diet in rats fed different levels
of fish proter.

PER values were generally low in these
experiments which was unexpected in view
of the good diet consumption and digest-
ibility (84-96%). Though weight gain was
good in all cases, it was achieved by the con-
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sumption of correspondingly high amounts
of protein resulting in low PER values.
Under these conditions, it can be concluded
that a considerable part of the amino acids
absorbed is utilized for purposes other than

Perceni retention

protein synthesis, At low protein levels, in- 155
crease in the fat gain also contributes to the

weight gain observed. Since the protein con-

kent in diet increased, the weight gain was

mainly due to the increased body protein.

PER values recorded a positive devia-

from the baseline value for the low

acid diet (Fig, 2) till the protein con- '

t reached 10%. But with further increase Fig 3a bec The retention of individual essential amino
deviation was reduced and the values :Iﬂlgl";:m mll of rats fed with fish protein
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for the 5 and 25% protein diets were similar.
With the increase in protein content of the
diets, weight gain showed the maximum
deviation from the low amino acid diet (Fig.
2). Total amino acid gain and feed effici

also recorded pronounced positive devia-
tions from the base line figures for the low
amino acid diet with increase in protein con-

tent, but decreased beyond a level of 20%
protein in the diet, as did the weight gain.
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Table 2 shows the nitrogen balance
values for the different groups of rats during
the experimental period of 3 weeks. Carcass
gain showed an increase, from 5 to 20%
dietary protein, but showed no further in-
crease thereafter. Faecal and urinary
nitrogen values however, showed gradual
increase upto 25% dietary protein. Percent-
age recovery of nitrogen remained nearly
constant with increase in in content
from 5 to 15% and decreased thereafter.
However, the synthetic amino acids diet
showed poor retention signifying poor
utilisation of the amino acids. Eventhough
the synthetic amino acid and the 5% fish

rotein diets were consumed at the same
vel and were similar in their amino acid
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composition, the latter was utilised by the
rats more efficiently (Table 2).

Figures 3a, b and ¢ present the data on
the percentage retention efficiency (carcass
gain as % of intake) of the essential amino
acids at each protein level. The essential
amino acids showed three distinctly dif
ferent patterns of behaviour in this respect
Threonine, arginine and valine showed al-

most the same retention efficiency from S0,

20% and decreased thereafter (Fig. 3a)
Methionine and Histidine showed a very

low efficiency at 5% level, but increased

gradually at higher levels of protein and
decreased beyond 20% protein level (Fig
3b). This was possibly because these two
amino acids could not be utilised fully when
the other amino acids were supplied at a low
level. Methionine, besides its use in the syn-
thesis of body protein, is a major donor of
methyl groups for synthesis of various other
essential compounds in the body. Increased

tage of retention may be due to its
recluced availability as a result of its casy
oxidation (Njaa, 1962). Phenylalanine,
leucine, isoleucine and lysine showed a
gradual decrease in retention efficiency from
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510 25% protein level. When the protein con-
tent of the diet is increased, the carcass gain
as a percentage of intake of most of the es-
sential amino acids generally showed a
decreasing trend (Fig. 3¢). Bunce and King
{1969, b) found that most of the essential
amine acids reached a maximum retention
efficiency at 6% protein diet.

Amino acid balance data giving net
synthesis / catabolism figures, for the control
and test diets are presented in Tables 3 to 8.
The loss of amino acids through the faeces
ranged from 2.5 to 10.6 mmoles and through
the urine (.33 to 3.9 mmoles. Considering the
low intake the loss of amino acids throu
faeces and urine was relatively high for the
synthetic amino acid diet. Maximum syn-
thesis of amino acids was found at 10%
protein level. When the supply of amino acid
was increased, the net synthesis decreased
and at 25% level, there was no synthesis of
any of the amino acids. Incorporation of the
dietary amino acids into the“tissue was
highest in rats on the 20% protein diet.

Generally net synthesis occured in the
case of aspartic acid, serine, proline, glvcine
and alanine. Serine and glycine are intercon-
vertible. Since both serine and glycine are
synthesised, synthesis of serine must be by
the rat liver enzyme, 3 phosphoglycerase.
Aspartic acid and alanine are readily syn-
thesised from oxaloacetic acid and pyruvic
acid respectively. In the case of proline,
glutamic acid or arginine can be precursors.
At 5% level, it was found that proline syn-
thesis almost equalled the amount of
glutamic acid and arginine catabolised. At
higher levels of protein, however, the
amount of proline synthesised was much
less compared o the other two amino acids
catabolised. Proline and glycine synthesis
continued upto 20% protein. This may be
due to their content being very low in control
rats because of the lower levels of collagen
in the young animals. At 5% level of protein,
synthesis of lyrosine was greater than the
amount of phenylalanine catabolised.
Tyrosine synthesis took place in the case of
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synthetic amino acid diet also. In this case,
the amount synthesised was lesser than
amount of phenylalanine catabolised. Syn-
thesis of cystine was also lesser than the
methionine catabolised.

It can be concluded that for this par-
ticular diet, the amino acids supplied by the
protein above 20% level are in excess of the
requirements for the synthesis of body
protein. The capacity of the rat to utilise the
amino acids for synthesis of body protein
reached a maximum at 20% protein con-
centration. Elevated levels of protein are not
utilised fully by the rat. At 10% level, the
protein has the highest PER. Upto a level of
20% protein in diet, a net synthesis of several
amino acids is observed. Above 20% protein
conlent, the protein seems to meet all the re-
quirements of amino acids of the rat. Con-
sequenty, synthesis of amino acids either
does not take place or is retarded to the bare
minimum.
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