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INTRODUCTION 

The importance of exact information with regard to the amino acid 
composition of food proteins is today generally accepted. LovE et al. 
( 1959) have given the most complete survey of figures reported from 
studies of amino acids in fish muscle. They pointed out that with the 
exception of one study (AGREN, 1944), the figures reported by different 
authors are roughly comparable. If, however, the values for the different 
amino acids reported in these studies are scrutinized, several cases of 
considerable variations may be pointed out. When AGREN's figures are 
excluded, the follm,ving variations for some amino acids are reported: 
Glycine 1.8 to 5.6, histidine 1.9 to 5. 7, tryptophan 0.1 to 1.4, tyrosine 
0.4 to 4.6 and valine 4.0 to 9.4 per cent of protein (N x 6.25). 

If the amino acid pattern is repeated throughout the animal kingdom, 
as claimed by BEACH et al. ( 1943), such great variations should not be 
observed. The uniformity should be even greater as only values for a 
closely related group, fishes, are considered at present. The variations 
must thus express either actual conditions or unreliable data in the li
terature. The latter possibility may be related to lack of precision in the 
analytical procedure. The analytical methods have been improved 
several times in the progress of application, and especially the introduc
tion of specific microbiological methods has been of importance. It should, 
however, be pointed out that most of the methods for estimation of amino 
acids are dependent on exact methods of hydrolysis. The best way of 
checking the possible correctness of the concept of uniformity in the 
pattern of amino acids in fish, is to carry out simultaneous determinations 
for a large number of species. The microbiological methods offer an 
excellent opportunity for such comparative studies. Many samples may 
conveniently be extracted and tested at the same time, and exact relative 
values should thus be ensured. Such values for the amino acid composi
tion of fish muscle protein is of interest from a biochemical point of view, 
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but of the greatest importance with regard to nutrional evaluation of 
fish. 

In the present study the complete amino acid composition of the 
muscle from ten different teleosts have been determined under strictly 
uniform conditions with regard to simultaneous extractions and assays. 

METHODS 
Samples. 

Fresh frozen fillets were obtained from the freezing plants for the 
species cod (Gadus morrhua), coalfish (Gadus vir ens), haddock (Gadus 
aeglefinus), redfish (Se bastes nwrinus), catfish (Anarrhichas lupus), plaice 
(Pleuronectes platessa) and halibut (HipjJoglossus lzippoglossus). Three samples 
were collected at different times and mixed. The species ling (Molva 
molva), torsk (Brosme btosme) and mackerel (Scomber scombrus) were ob
tained fresh at the fish market. The fillets from respectively 3, 4 and 6 
fishes were mixed. 

All samples were ground in a meat grinder and subsequently ex
tracted three times with acetone.: To 100 g sample was added 750 ml 
acetone. After 5 min. blending of the mixture in a multi-mixer, it was 
filtered with suction on paper. The residue was treated twice in the same 
way, each time with 400 ml acetone. The powder was dried in the air, 
ground in a hamn1er-n1ill, and stored in closed jars at room temperature. 

Protein. 

Nitrogen was determined by the micro-K.jeldahl method, and protein 
calculated as N x 6.25. 

Dry matter. 

Dry matter was determined by drying in an oven for four hours at 
105°C. 

Preparation of hydrolyzates. 

Tryptophan was released by alkaline hydrolysis. To 1 g samples was 
added 16 ml 4_N NaOH, and the mixture autoclaved in nickel crucibles 
for 15 hrs at 120°C. After cooling, the pH was adjusted to 4.5, the mixture 
made up to a volume of 100 ml and filtered through a Schleicher & Schull 
filter No 5892 (Weissband). 

Cystine was extracted by acid hydrolysis as described by ALEXA.NDER 
et al. (1953). To 250 mg samplewas added 10 ml 3 N HCL The mixture 
was autoclaved for 2 hrs at 120°C. After cooling, 1 ml 2.5 M sodium 
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acetate was added to the mixture, which was adjusted to pH 4.5, made 
up to volume 100 ml and filtered. 

The remaining 16 amino acids assayed were all determined in an 
extract prepared by acid hydrolysis as described by BAR TON-WRIGHT 

(1953). To 2 g sample was added 50 ml 2.5 N HCI. The mixture was 
autoclaved for 10 hrs at 120°C and cooled. 4 ml 2.5 M sodium acetate 
was added and the pH adjusted to 4.5. The volume was n1ade up to 200 ml 
and the extract filtered. 

All samples were extracted in duplicate at different times. 
All extracts were stored under toluene in a coldroom, and aliquots 

taken for analysis. 

Amino acid assays. 

All amino acids were determined micro biologically by acidimetric 
methods. The lactic acid produced after incubation for 72 hrs was meas
ured by potentiometric titration. Each sample was examined at six 
different levels. An automatic dispenser-titrator was employed, and all 

Table 1. JYI icrobiological methods employed for t!ze amino acid assays. 

Amino acid Test organism 

Glutamic acid Lactobacilhts plantarum (8014) 
Isoleucine 
Leucine 
V aline << << << 

Aspartic acid Leuconostoc mesenteroides (8042) 
Cystine 
Glycine 
Histidine 
Lysine 
Methionine* 
Phenylalanine 
Proline** 
Serine 
Tyrosine* 
Alanine 
Arginine 
Threonine 
Tryptophan*** 

Leuconostoc citrovo1/wn (8081 &8082) ... . 
Streptococcus faecalis (8043) .......... . 

Standard 
range 

flg 

0-35 
0-20 
0-20 
0-20 
0-40 
0-10 
0-20 
0- 5 
0-40 
0-10 
0-10 
0-20 
0-15 
0-12 
0-50 
0-15 
0-15 
0- 3 

*Medium supplemented -vvith 0.01 flg biotinjml (double strength). 
**pH of medium adjusted to 6.0. 

***Method of Kuiken et al. (1947). 

Incubation 
temperature 

oc 

'37 
30 
30 
30 
37 
37 
37 
37 
37 
37 
37 
37 
37 
30 
37 
37 
37 
37 
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assays carried out with an experimental volume of 2.0 ml per tube. The 
methods employed for the different amino acids were, except for trypto
phan, as described by BARTON-WRIGHT (1953). Minor modifications have 
been introduced as a result of preliminary experiments which showed the 
present conditions to give better standard curves. The methods are 
summarized in Table 1, which report on test organisms, standard range 
and incubation temperatures. The test organisms were obtained from the 
American Type Culture Collection and maintained as described by 
BARTON-WRIGHT (1953). 

Tryptophan was assayed according to the method of K_uiKEN et al. 
( 194 7). 

Each amino acid was assayed in two separate hydrolyzates ana1yzed 
at different times. For standards were used pure L-amina-acids, except 
for tryptophan, where the DL-form was en1ployed. 

RESULTS 

In Table 2 are reported the percentage contents of dry matter, nitro
gen and protein (N x 6.25). The fish muscle preparations showed slight 
variations, with the follm·ving values: Dry matter 87.0-92.5o/0 , nitrogen 
13.82-14.70% and protein 86.3-91.9o/0 • 

Table 2. D1')' matter, nitrogen and protein in the defatted samples. 

Dry matter Nitrogen Protein 
Sample of (Nx6.25) 

% % % 

Cod (Gadus mo1'rhua) • 0 ••••••••••••••• 87.0 13.96 87.3 
Coalfish (Gadus virens) ............... 87.7 13.96 87.3 
Haddock (Gadus aeglefinus) .............. 87.6 14.15 88.4 
Redfish (Sebastus marimts) •••••••• 0 0 •• 87.5 13.82 86.4 
Catfish (A na1'1'hichas htP~ts) •••••• 0 •••• 87.3 13.81 86.3 
Plaice (Pleuronectes platessa) ••• 0 •••••• 87,7 14.04 87.8 
Halibut (Hippogloss~ts hippogloss~ts) .... 88.1 13.82 86.4 
Ling (J\II olva molva) ... ' .............. 90.9 14.52 90.8 
Torsk (B1'osme brosme) ................ 92.6 14.70 91.9 
Mackerel (Scomber sco1nbnts) • 0. 0 0 0 0 •• 0 92.5 14.65 91.6 

Ave 88.9 14.14 88.42 

In Table 3 and 4 are reported the amino composition of the ten species 
investigated. The amino acid has been calculated as percentage of the 
protein, and the corresponding amino acid-N in mg per g sample has 
been recorded. 
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In Table 5 are summarized the amino acid percentages from the 
present study compared with summarized values from the literature. 
For each amino acid has been reported min - max, mean and standard 
error of the mean. 

DISCUSSION 

The first problem which had to be considered in the present study, 
was the preparation of suitable samples. The fat content varies much 
in fish muscles from different species. As fatty materials may interfere 
markedly with the microbiological assays (SNELL, 1950), they had to be 
removed. It was found most convenient to accomplish this by direct 
extraction of the samples. After preliminary experiments, acetone ex
traction of the homogenized muscles was decided on. PoTTINGER and 
BALDWIN (1946) also used acetone dried products in their study of amino 
acids in fish. It may be objected that the acetone treated samples still con
tain nitrogenous extractives. Such substances, however, do not interefere 
in the microbiological assays. CoNNEL and HowGATE (1959) studied the 
amino acid composition of the flesh of four common food fishes. They 
extracted the minced fillets with absolute ethanol and re-extracted the 
precipitate with 80% (v/v) aquous ethanol. The precipitated protein 
was then extracted continuously with ether, air-dried and ground. 
They claimed that this process removed nitrogenous extractives as well 
as fat. Amino acids are, however, fairly soluble in water-ethanol mixtures. 
Thus free amino acids would be removed, and the results would be valid 
only for the protein powder, not the original muscle or flesh. If the values 
for the total dry matter of the present samples are considered in relation 
to the corresponding values for protein calculated as N x 6.25 (Table 2), 
a close relation can be observed. The slight variations between the samples 
from different species may be due to differences in the temperature and 
humidity during the final drying of the samples in open air. On an 
average the protein content was found 99.4% of the total dry matter. 
For a few samples, like cod, haddock and plaice, the calculated protein 
was even more than 100% of the dry matter. Fresh fish muscle contains 
usually about 1% ash, corresponding to 5% in the dried samples. We 
here have a clear indication that the conversion factor 6.25 for the cal
culation of protein is too high. This aspect will be discussed further below, 
as the amino acid values offer a better approach to this problem. 

If the values for each of the eighteen amino acids found in the ten 
species studied are compared, a high degree of uniformity can be ob
served (Tables 3 and 4). The only exception is the value for histidine in 
mackerel, which is twice as high as the values found in the remaining 



Table 3. Amino acid composition of cod, coalfish, haddock, redfish and catfish. 

Cod Coalfish Haddock Redfish Catfish 
(G. morrhua) (G. virens) (G. aeglefinus) ( S. marinus) (A. lupus) 

Amino acid Amino Amino Amino Amino Amino Amino Amino I Amino Amino Amino 
acid acid-N acid acid-N acid acid-N acid I acid-N acid acid-N 
%of mg %of mg %of mg %of mg %of mg 

protein per g protein per g protein per g protein per g protein per g 

Arginine ................... 5,79 16,24 5,99 16,81 5,65 16,08 6,05 16,80 5,76 15,98 
Histidine ................... 1,84 4,34 2,01 4,76 2,03 4,87 2,01 4,70 2,07 4,83 
Isoleucine ................... 5,47 5,10 6,23 5,80 6,09 5,75 6,31 5,82 6,06 5,59 
Leucine .................... 8,10 7,55 8,14 7,58 8,20 7,74 8,55 7,89 7,83 7,21 
Lysine ..................... 8,45 14,62 9,09 15,20 8,52 14,43 9,15 15,15 8,88 14,69 
Methionine .................. 3,06 2,51 3,03 2,48 2,84 2,36 3,01 2,44 2,86 2,31 
Phenylalanine .................... 3,70 2,74 3,79 2,80 4,00 3,00 3,97 2,91 3,98 2,91 ~ 

0 

Threonine .................. 4,52 4,63 4,40 4,51 4,36 4,53 4,77 4,85 5,01 5,08 
Tryptophan ................ 0,87 0,11 0,98 0,12 1,00 1,21 0,95 1,13 0,94 1,12 
Valine ..................... 5,61 5,86 6,06 6,33 6,04 6,39 5,93 6,13 5,78 5,97 
Tyrosine ................... 3,28 2,21 3,27 2,20 3,35 2,29 3,20 2,14 3,11 2,07 
Cystine ........................ 0,92 0,94 1,00 1,02 1,01 1,04 1,14 1,15 1,08 1,09 
Alanine ..................... 7,87 10,79 7,94 10,89 8,04 11,17 . 8,49 11,54 7,75 10,51 
Aspartic acid ............... 10.06 9,23 10,22 9,38 10,19 9,48 10,61 9,65 10,38 9,42 
Glutamic acid .................... 14,76 12,26 14,50 12,04 14,83 12,48 15,36 12,64 14,62 12,00 
Glycine .................... 4,60 7,49 4,30 7,00 4,57 7,54 4,64 7,481 4,96 7,98 
Proline .......................... 3,57 3,80 3,38 3,59 3,46 3,72 3,42 3,60 3,68 3,85 
Serine ........................... 4,65 5,40 4,63 5,38 5,04 5,93 5,16 5,95 5,30 6,09 

Sum ....................... 97,121 115,82 1 98,96 117,89 99,22 120,01 102,72 121,97 100,05 118,70 
Total N (see Table 1) ........ 139,6 I 139,6 141,5 138,2 138,1 
Amino acid- N as % of total N. 82,95 84,4 84,8 88,3 85,95 



Table 4. Amino acid composition of plaice, halibut, ling, torsk and mackerel. 

Plaice Halibut Ling Torsk 
(P. platessa) (H. hippoglossus) (M. molva) (B. brosme) 

Amino acid Amino Amino Amino Amino Amino Amino Amino Amino 
acid acid-N acid acid-N acid acid-N acid acid-N 
% of mg %of mg %of mg %of mg 

protein per g protein per g protein per g protein per g 

Arginine ................... 6,32 17,83 6,02 16,72 5,91 17,25 6,25 18,45 l 
Histidine ................... 2,08 4,93 2,17 5,09 1,94 4,78 1,97 4,91 
Isoleucine ................... 5,92 5,55 5,88 5,42 6,11 5,92 6,27 6,15 
Leucine .................... 8,28 7,78 8,09 7,46 9,02 8,74 9,06 8,89 
Lysine ..................... ""8,73 14,67 7,91 13,08 9,4$ 16,48 9,39 16,54 
Methionine .................. 2.80 2,30 2,79 2,26 3,06 2,61 3,16 2,73 
Phenylalanine .............. 3,87 2,88 3,80 2,78 4,11 3,17 4,12 3,21 
Threonine .................. 4,59 4,73 4,61 4,69 4,62 4,93 4,57 4,93 
Tryptophan .......................... 0,98 1,18 0,96 1,13 0,92 1,15 1,01 1,27 
Valine ..................... 5,69 5,97 5,98 6,18 6,10 6,62 6,20 6,82 
Tyrosine ................... 3,23 2,19 3,27 2,18 3,32 2,33 3,37 2,40 
Cystine .................... 1,05 1,07 1,06 1,07 1,08 1,14 1,04 1,12 
Alanine ..................... 8,13 11,21 7,68 10,43 7,71 10,99 7,77 11,23 
Aspartic acid ............... 9,92 9,15 10,11 9,18 10,30 9,84 10,76 10,40 
Glutamic acid ......................... 15,13 12,64 14,44 11,88 15,36 13,27 15,83 13,85 
Glycine .................... 5,38 8,81 4,84 7,79 4,16 7,04 4,27 7,33 
Proline ............................. 3,72 3,97 3,65 3,83 3,28 3,62 3,50 3,92 
Serine .............................. 5,99 . 7,00 . 5,67 6,53 5,05 6,11 4,98 6,11 

Sum ....................... 101,81 123,87 98,93 117,70 101,53 125,99 103,52 130,26 
Total N (see Table 1) ........ 140,4 138,2 145,20 147,0 
Amino acid- N as % of total N. 88,2 85,2 86,8 88,6 

Mackerel 
(5. scombrus) 

Amino Amino 
acid acid-N 
%of mg 

protein per g 
I 

5,73 16,87 
4,50 11,16 
5,96 5,83 
8,78 8,58 
8,50 14,91 
3,12 2,69 
3,90 3,03 
4,71 5,08 
0,94 1,18 
6,13 6,72 
3,34 2,37 
1,02 1,09 
7,75 11,15 

10,86 10,49 
14,30 12,47 
4,24 7,24 
3,50 3,90 
4,89 5,97 

102,17 130,73 
146,5 

89,2 

~ 

~ 
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Table 5. Ami110 acid ccmposition of fish muscle. A comparison of results from the 
present study a11d values fou11d in t!ze literat~we. 

Present study Literature* 
Amino acid Num-~ Percentage 

ber Min.-max.J M ± Sm 

Num-~ Percentage 
ber Min.-max.J M ± Sm 

Arginine ...... 10 5.7- 6.3 5.95 ± 0.07 24 4.3- 7.6 6.11 ± 0.16 
Histidine** ... 9 1.8- 2.2 2.01 ± 0.06 24 1.6- 5.7 2.75 ± 0.23 
Isoleucine * ••• 10 5.5 6.3 6.03 ± 0.08 32 4.4- 7.7 5.44 ± 0.18 
Leucine ••• 0 0 0 10 7.8- 9.1 8.41 ± 0.13 32 6.7-11.4 7.99 ± 0.18 
Lysine ••• 0 •• 0 10 7.9- 9.5 8.81 ± 0.15 33 7.8-14.4 10.11 ± 0.30 
Methionine ... 10 2.8- 3.2 2.97 ± 0.04 32 2.2- 3.7 2.98 ± 0.07 
Phenylalanine . 10 3.7- 4.1 3.92 ± 0.04 33 2.9- 5.0 4.01 ± 0.10 
Threonine .... 10 4.4- 5.0 4.62 ± 0.06 33 3.7- 6.2 4.85 ± 0.12 
Tryptophan .. 10 0.9- 1.0 0.96 ± 0.01 24 0.1- 1.4 1.03 ± 0.06 
Valine 0 0 0 I 0 0 0 10 5.6- 6.2 5.95 ± 0.06 32 4.0- 7.4 5.61 ± 0.52 
Tyrosine ..... 10 3.1- 3.4 3.27 ± 0.02 12 2.2- 4.6 3.67 ± 0.35 
Cystine*** ... 10 0.9- 1.1 1.04 ± 0.02 12 1.2- 1.5 1.26 ± 0.03 
Alanine • 0 •••• 10 7.7- 8.5 7.91 ± 0.08 9 5.2- 7.3 6.49 ± 0.23 
Aspartic acid 10 9.9-10.9 10.34 ± 0.10 9 6.2-11.2 9.34 ± 0.75 
Glutamic acid . 10 14.3-15.4 14.91 ± 0.15 9 14.5-16.6 15.48 ± 0.24 
Glycine ...... 10 4.2- 5.4 4.60 ± 0.12 9 3.5- 5.6 4.61 ± 0.24 
Proline ....... 10 3.3- 3.7 3.52 ± 0.04 9 3.1- 4.3 3.78 ± 0.11 
Serine ........ 10 4.6- 6.0 5.14 ± 0.14 10 4.8- 5.4 5.11 ± 0.08 

*Literature for values except cystine: Beach et al. (1943), Deas & Tarr (1949), 
Ingalls et al. (1950), Konosu et al. (1956), Lahiry & Proctor (1956), Landgraff 
(1953), Neilands et al. (1949). 

**Values for mackerel (Sco111,ber scombrus) omitted in the average of the present 
study (see text). 

***The literature values refer to Pottinger and Baldwin (1946). 

nine species. This one exception called for a control of correctness. Three 
additional samples of mackerel were prepared and analyzed. They gave 
values from 4.37 to 4.60, with an average of 4.50 per cent of the protein, 
which incidently was the same value as originally found. Regardless of 
the absolute accuracy of the values reported in Tables 3 and 4, their high 
degree of uniformity allows for the conclusion that the amino acid com
position is essentially the same in the muscle from different fishes. 

In Table 5 are reported average values from the present study com
pared with average values reported in representative studies in the 
literature. The latter averages refer to values for different species, although 
studies including many species occasionally may dominate the figures. For 
the amino acids arginine, leucine, phenylalanine, threonine, valine, 
glutamic acid, glycine, proline and serine, the present values and the 
averages from the literature agree very well, and the figures may be con-
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sidered as valid for fish muscle. The values for methionine and tryptophan 
also agree closely, but deserve some comments. MATSUURA et al. (1952) 
investigated methionine in 20 Japanese species, including 12 teleosts. 
For the latter they found an average of 3. 79 per cent methionine of the 
protein. They applied the chemical method of BAERNSTEIN ( 1932), 
which usually results in higher values than other methods. CONNEL and 
HoWGATE (1959) found poor agreement for the methionine content in 
cod; haddock, lemon sole and herring by chromatographic analysis, while 
application of the calorimetric method of HoRN et al. ( 1946) gave values 
ranging for 3.1 to 3.6 per cent of the protein. The present authors con
sider 3.0 per cent to be a valid figure for fish muscles. 

Tryptophan showed an average of 0.97 in the present study, with a 
standard error of the mean of only ± 0.01. This should allow the con
clusion that the tryptophan content of fish muscle is essentially the same 
in different species. Although the average from the data in the literature 
is almost the same, the variation from one study to another is extreme. 
Thus DEAS and T ARR ( 1949) reported values as low as 0.1 per cent in 
Sebastodes sp. when alkali hydrolysis was applied, while enzyme hydrolysis 
gave 1.4 per cent tryptophan in the same species. PoTTINGER and BALD
WIN (1946) applied the method of FoLIN and CIOCALTEU (1927) on 24 
species and found a content of 1.22 ± 0.044 (M ± sM). Finally, it may 
be pointed out that CoNNEL and Ho-WGATE (1959) in their study of the 
amino acid composition of fishes, applied the method of SPIES and 
CHAMBERS ( 1949) for the determination of tryptophan, and reported 
values from 1.32 to 1.56 per cent of the protein. The choice of a valid 
value is further confused by the requirement studies, a problem which 
will be returned to below. In the authors' opinion, a final value for 
tryptophan in fish, as in most foods, has to await the establish1nent of a 
reliable method for the estimation of this amino acid. 

Tyrosine sho·wed an average value of 3.3 per cent of the protein in 
the present study. Only two extensive studies are reported in the litera
ture. KoNosu et al. (1956) found an average of 3.7 per cent tyrosine in 
their investigation of ten species, while CoNNEL and HoWGATE (1959) 
reported values from 4.0-4.3 per cent in four species. The quantitative 
liberation of tyrosine from the proteins is still a controversial question. 
Thus acid as well as alkaline hydrolysis are employed. In studies in our 
laboratory, the acid hydrolysis has given higher values than the alkali
digestion described for tryptophan. In the authors' opinion more studies 
are needed for final conclusions to be drawn with regard to a valid value 
for tyrosine in fish. 

Cystine showed an average va]ue of 1.0 per cent of the protein in the 
present study. Also for this amino acid the liberation and determination 



14 

are disputed problems. PoTTINGER and BALDWIN (1946) analyzed cystine 
in twelve teleosts, applying the chemical method of Su.LLIVAN and HEss 
(1930). They found an average value of 1.26 per cent, but pointed out 
that their hydrolyzates were highly colored, which made the calorimetric 
comparisons difficult. CoNNEL and HowGATE (1959) liberated cysteine + 
cystine by performic acid oxydation and hydrolysis as described by 
ScHRAM et al. ( 1954), and determined the cysteic acid formed by column 
chromatography. They found values ranging from 1.38-1.44 per cent 
for four species studied. 

The values for isoleucine, lysine, alanine and aspartic acid found in 
the present study agree generally with the average values reported in 
the literature. It may, however, be pointed out that the values from the 
literature show a greater variation than the values for the ten species 
reported in this paper. 

The values for histidine in the nine species apart from mackerel, show 
a lower average than the values reported in the literature. If, however, 
the literature data are scrutinized, many of the higher values reported 
are found to derive from analysis of scombroid fishes. Thus the two aver
ages are not directly comparable. CoNNEL and HowGATE ( 1959) found 
values from 3.5 to 3. 7 for cod, haddock, lemon sole and herring. Compared 
,,vith the average from the present study, as well as the average from the 
literature, their values seem to be too high. The high value found for 
histidine in mackerel, 4.50 per cent of the protein, is very well established. 
NEILANDS et al. (1949) found 4.0 per cent for Scmnber sp. and 5. 7 per cent 
for Tlzunnus sp. These high values for hi~tidine in scombroid fishes may 
be seen in relation to the frequently reported accumulation of toxic 
substances during "spoilage". Toxic poisoning from eating of tunny has 
been reported by STR0M and LINDBERG ( 1945) and LEGRoux et al. ( 1946). 
Other cases of poisoning after consumption of spoiled fish have been 
observed by Van VEEN and LATUASAN (1950) and HALSTEAD (1954). 
In all the.;;e cases it was suggested that histamine was responsible for the 
poisoning. GEIGER (1956) studied critically the role of histamine in 
poisoning with spoiled fish. He found that large amounts of histamine 
was produced during spoilage of fish. Animal experiments did not support 
the contention that this histamine was the cause of fish poisoning, but 
probably other toxins produced. In all cases, however, the rapid forma
tion of histamine in amounts up to 200 mg per 100 g fresh substance, can 
only be derived from histidine available for bacterial decarboxylation. 
This points towards a possible special position of histidine in the meta
bolism of some fishes, a problem which is under investigation. 

In connection with protein studies in foods, we are in the situation 
that the amino acids can be determined with greater accuracy than the 
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protein. MARTIN and SYNGE (1945) have reviewed the analytical che
mistry of proteins, and pointed out that it would be a great advantage if 
data for each amino acid were expressed in the form of nitrogen as per
centage of the total protein nitrogen. In Tables 3 and 4 are calculated 
amino acid-N in mg per g sample. The sum of these values for each fish 
has been given. Based on these sums the percentage amino acid-N of 
the total-N have been calculated and recorded. For the ten species studied 
these values vary from 83.0 to 89.2, with an average of 86.4 per cent. 
Thus 13.6% of the total-N could not be accounted for by the amino 
acid-N, and had to be derived from other sources. When the different 
repotts on non-protein N in the literature were considered, calculation 
showed that this percentage could be ascribed to the presence of nitro
genous con1pounds such as creatine, trimethylamine oxide, betaine and 
ammonia (LovE et al. 1959, SHEMAN 1951). The conversion factor 6.25 
refers to proteins with 16 o/0 nitrogen. Only in a few cases has this factor 
been obtained exactly. Proteins with high contents of basic amino acids 
contain usually more than 16 °/o nitrogen, which should demand a lower 
conversion factor. The fairly high content of lysine makes it probable that 
a factor lower than 6.25 should be expected for fish proteins. The factor 
6.25 has, however, been generally accepted and applied in food analysis. 
The presence of non-protein nitrogen in many products should call for 
consideration before its application. Fish muscle is very much a case of 
such a product. In the present study the calculated amino acid as per
centages of protein (N x 6.25) give an average sum of 100.6 for the ten 
species investigated. If the protein is assumed to be built up with peptide 
linkages, the sum of the split products should yield 100% of the protein, 
while the sum calculated as amino acids should be larger, and yield about 
118 o/0 of the protein. (BRAND and EnsALL, 194 7). This difference ex
presses the water taken up on hydrolysis, usually between 17 and 18 g 
per 100 g of protein. As the calculated amino acid percentages are in
versely related to the conversion factor applied, it is apparent that the 
factor 6.25 is too high for application on the present samples. The amino 
acids expressed as percentages of the tota1-N offer a possibility for the 
calculation of more exact conversion factors for the present samples of 
fish. The amino acid-N was found to amount to 86.4 (83.0-89.2) per 
cent of the total-N, and the correct conversion factor for the calculation 
of protein should be 5.40 (5.19-5.58).LucKE (1954) claimed that a con
version factor of 6.0 should be applied for the calculation of protein in 
fish, and of 5.55 for the flesh of mammals. BRANDES and DIETRICH (1954) 
found an average conversion factor of 5. 72 for the calculation of protein 
in herring. Their value was based on analysis of net-protein in 127 sam
ples. Calculations based on CoNNEL and HowGATE's (1959) data gave an 
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average conversion factor of 6.07. It may, however, be emphasized that 
this factor applies to a purified fish muscle protein. Their amino acid 
percentages are thus higher than in most other studies. The present study 
refers to total-N and gives values for fish flesh, where a factor af about 
5.40 should give a proper estimate of the net-protein content. 

Table 6. Essential amino acids in fish compared with 1'equirements. 

Amino acid 

Hjstidine ........................... . 
Isoleucine ......................... . 
Lencine ........................... . 
Lysine ............................ . 
lJt1enylalanine ...................... . 
'fyrosine .................... ~ ...... . 
Tryptophan ........................ . 
Valine ............................ . 
J\1ethionine ........................ . 
Cystine ............................ . 
Total sulphur containing a.a .......... . 

*FAO Nutritional Studies (1957). 
**Bender (1958, 1960). 

Provisional 
pattern 
(FAO*) 

4.2 
4.8 
4.2 
2.8 
2.8 
1.4 
4.2 
2.2 

4.2 

Target Present 
value values 

(Bender**) for fish 

1.8 2.0 
4.3 6.0 
7.5 8.4 
5.2 8.8 
3.8 3.9 

3.3 
0.7 1.0 
5.0 6.0 
2.7 3.0 
2.0 1.0 
4.7 4.0 

Fish has always been considered a valuable protein source. The data 
arrived at in the present study for the essential amino acids in fish muscle, 
should allow a check on the value of this protein source. In Table 6 are 
recorded assumed requirements compared with the average values found 
for fish by the authors. The "provisional pattern" of FAO (1957) and the 
"target values" of BENDER (1958, 1960) have been used for the compari

son. These requirement recommendations disagree on several points. 
Comparison with the F AO-pattern showed that all amino acids except 
tryptophan and cystine were "in excess. If this pattern is correct, trypto
phan should be the first limiting amino acid (71 o/0 of the claimed require
ment), then the sulphur containing amino acids would enter into the 
picture (95% of the claimed requirement). If BENDER's target values are 
correct, all amino acids would meet the requirement except the sulphur 
containing amino acids (85o/0 of the requirement). The extremely differ
ent requirement proposed for tryptophan in the FAO and in BENDER 

proposals, respectively 1.4 and 0.7, may be pointed out. BENDER's pattern 
is the only one which predicts the S-amino acids as the sole limiting 
factor in fish. Biological tests have given support to this claim, thus 
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MILLER (1956) found them limiting in fish meal, and NJAA (1961) in 
herring and herring meal. This finding indicates that the desirable pattern 
of essential amino acids proposed by FAO ( 195 7) may need a revision with 
regard to tryptophan. If the sulphur containing amino acids are accepted 
as the only limiting factors, it may be seen that methionine meets the 
requirement of both proposals if cystine is present in the diet in required 
amounts. 

SUMMARY 

1. The complete amino acid composition in the muscles of ten common 
food fishes has been investigated by microbiological methods. Each 
amino acid was determined simultaneously in all sample3, thus 
making a direct comparison of the contents in the different species 
possible. 

2. The amino acid percentages of the protein (N x 6.25) were essentially 
the same in the muscle of the different fishes. The only exception 
was the value for histidine in mackerel, which was twice as high as 
the contents found in the remaining nine species. 

3. The present values were generally of the same order as the averages 
of the data in the literature. 

4. The total amino acid nitrogen compared with the total nitrogen of 
the samples, made it possible to calculate more exact con ver.:>ion 
factors for the estimation of protein in fish muscle. This proble1n has 
been discussed. 

5. Compared with FAO's "provisional pattern" for the nutritional re
quirement, tryptophan was the first limiting amino acid followed by 
the sulphur containing amino acid. Compared with BENDER's "target 
values", the sulphur containing amino acids were the only limiting 
factors. 
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