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Introduction

The mineral constituents of fish are studied much less than nitrogenous compounds, lipids, or vitamins. Only a few elements have been subjected to thorough analyses, particularly phosphorus, calcium, iron, and
iodine. But even in these cases, the factors which govern their great
quantitative variability are not sufficiently 'known. Besides, the majority
of the analyses apply exclusively to fish meat. Our knowledge of the
mineral composition of offals and that of the whole fish—to a great extent
consumed by certain populations of Asia, Africa, and Latin America—
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remains most deficient. Finally, it is deplorable that the physiological
utilization of the mineral substances of fish is very little studied.
II.

Brief Review of Mineral Composition

A majority of the data presented below applies to the composition of
fresh fish. An exception has been made, however, as to the phosphorus
and calcium of the whole fish, the corresponding studies being made
mostly on preserved fish (dried, salted, smoked, or packed in oil).
Most tables on food composition contain compilations of numerous
analyses of the mineral content of various marine and fresh-water fish.
In most cases these tables have critically reviewed the analyses on which
they are based. These listings will not be commented on here. Mention
is merely made that the first noncomprehensive study on the mineral
composition of fish was published by Atwater in 1892. Spectrographic
analyses on a broad front covering most mineral elements were made by
Newell and McCollum (1931) on fish meals. Later papers of a general
nature were those by Nilson and Coulson (1939) and Stansby (1953).
The most comprehensive investigations were those by the Russian scientist Vinogradov (1935, 1937), later published in the United States as a
treatise edited by Odum (Vinogradov and Odum, 1953) (see also Vintilescu et al, 1940; Sulit et al, 1953).
A.

SULFUR

Fish meat contains from 100 to 300 mg. of sulfur per 100 g. (average:
about 200 mg.), the major part of this constituent being part of the sulfurous amino acids (Beveridge, 1947; Airan et al, 1950). The variations
observed are explained by considerable differences in the contents of
methionine and cystine between species (Schormüller et al, 1950; Pallardel Peralta, 1951; Master and Mager, 1954).
Williams (1897, 1911) published numerous analyses of the sulfur
content of cooked fish flesh. It was calculated as SO2 and ranged from
0.26% in hake to 0.7% in trout.
B.

CHLORINE, SODIUM, AND POTASSIUM

These three elements, the physiological roles of which are closely
related, have been subject to numerous analyses in fish flesh. The amount
varies as shown in the next tabulation (see also Table I ) :
Milligrams per 100 g. of flesh
Element

Extreme values

Average

Chlorine
Sodium
Potassium

60-250
30-150
250-500

100
60
400
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Fresh-water fish are somewhat lower in both sodium and potassium
content than are salt-water varieties. The ratio of the sodium content to
that of potassium is quite similar in both kinds of fish, being 0.213 for
salt-water fish and 0.199 for fresh-water fish—roughly one part by weight
of sodium to five parts of potassium (Thurston, 1958; Thurston et al.,
1959).
For a given species, the range of variations frequently is almost as
large as those indicated above. Thus, van de Velde (1932) found from
60 to 160 mg. of chlorine per gram in the mackerel and from 90 to 210 mg.
in the plaice.
Thurston (1958) established in his study of 34 species of fish that the
sodium content of individual species of salt-water fish ranged from 34 to
96 mg. per 100 g. of fish and averaged 68 mg. The corresponding values
for fresh-water fish ranged from 38 to 84 mg. per 100 g. fish with an
average of 56 mg.
Official Belgian figures give 70-155 mg. sodium per 100 g. for the
flesh of salt-water fish and 33.7-73.3 mg. for fresh-water fish (van Coillie,
1959). The corresponding figures for potassium were 240-400 mg. per
100 g. for flesh of marine species and 132.8-440.0 mg. for fish in fresh
waters (rivers) (see also Table I).
Large differences are reported in sodium values for similar species
from various geographic areas (Thurston, 1958). The sodium content of
whiting from the Atlantic Ocean, for example, is much higher than that
of whiting from the Pacific Ocean (82 mg. per 100 g. of fish compared to
65mg.). Similar large differences were noted with Lake Superior and
Lake Huron lake herring (56mg. compared to 38mg.), with lake and
river sheepshead (84mg. compared to 59mg.), and with salt-and fresh
water mullet (81 mg. compared to 52mg.).
Albacore tuna and Lake Huron lake herring had the lowest content of
sodium, with 34 and 38 mg. per 100 g. of fish, respectively. The low value
for halibut (53mg.) was surprising in view of its high content—1.5%.
Diverse ecologic conditions might partially explain this large range of
variation (Vinogradov and Odum, 1953). Nevertheless, McBride and
McLeod (1956a, b) found still greater fluctuations in the amounts of
sodium and potassium in certain species of fish, all caught along the
coasts of British Columbia (Canada). For example, the red spring salmon
contained from 31 to 61 mg. of sodium and from 320 to 470 mg. of potas
sium per 100 g., with the variations clearly related to the size of the
animal and to the fishing season. On the other hand, the contents of these
same elements in ling cod and halibut apparently were not related to
size, and the amount of sodium in herring remained practically stable
during half of the year.

raw
boiled
raw
boiled
frozen

Skate, raw
Skate, boiled

Haddock, raw
Haddock, boiled
Haddock, frozen
Halibut, raw
Halibut, boiled
Mackerel, raw
Mackerel, boiled
Plaice, raw
Plaice, boiled

Crucian carp,
frozen

Brill,
Brill,
Cod,
Cod,
Cod,

Salt-water

Trout, boiled

Trout, raw

Fresh-water
Eel, raw

Fish

67.4-80.5
50.6
64.0

18.1-19.2
25.0
20.3

10.1-19.1
23.5
22.5
25.5

17.1-20.1
24.7
21.0
23.2
27.8
20.0-23.4
24.2

70.0-98.9
77.3
97.8
73.8
50.6
90.4-130.9
105.0
90.4-125.0
60.5-83.8
155.0-167.2
97.2

69.3

86.0
83.1

41.3

47.0-73.3

33.3-47.5

Sodium
(mg./lOO g.)

17.7
27.9

27.6

23.G-25.4

44.3-49.4

(%)

Dry matter

26.2

TABLE I

—
—
75

56

—
—
—

449.0
301.3
350.0-437.5
310.0
317.5-397.3
160.0-262.5
268.0-280.0
215.6

—

—

—

60

—

96

—

—

125

100

z

—

116

50.7-78.0

49.5-70

76-86

—

—

—

60

—
—

80

—

50-115

73

4

70

3

40

2

—

—
—
—

1

Earlier analyses*>
(% Na mg./100 g. )

239.7-335.0
200.0
345.0

308.7

324.1
230.0
337.5-385.0
221.9
315.7

237.5

345-440

132.8-200.0

Potassium
(mg./lOOg.)
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18.6-20.5
21.0-25.6
17.7-19.8
24.7
19.7-19.8
21.9

119.0-141.0
79.8-82.7
71.9-88.7
75.0
96.0-155.0
57.0

Sodium
(mg./lOOg.)
315.0-354.5
162.5-190.0
274.3-354.5
150.0
326.2-415.0
215.6

Potassium
(mg./lOOg.)
1

2

115
—
—

150
80
61

3

Earlier analyses
(% Namg./lOOg.

6

100-122

78

133-167

4

* van Coillie (1959).
b
References for earlier analyses: column 1, Bills et al. (1949); 2, Randoin et al. (1947); 3, McCance and Widdowson (1946); 4, Bahr and Wille (1931).

Salt-water (conf.)
Sole, raw
Sole, boiled
Turbot, raw
Turbot, boiled
Whiting, raw
Whiting, boiled

Fish

Dry matter
(%)
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In Alaska pink salmon a high sodium content is associated with a low
content of ash, while a high potassium level parallels a high protein
content (Thurston, 1958).
Commenting upon the variations observed in salmon, McBride and
McLeod (1956b) wrote: "It is possible that the variations in sodium
content noted in the salmon may be related in some way to the period
in their life cycle in which they were caught; for instance, to the nearness of the approach of the fish to the time of their spawning migration.
Much further work, of course, remains to be done to establish any such
relationship."
The chlorine, sodium, and potassium content in the viscera does not
seem to have been determined in a systematic way. It may be mentioned, however, that according to Muriel Ledesma (1956) hake eggs
contained 840 mg. chlorine per 100 g.
Sodium and chlorine values are generally higher for selachian fish
species, crustaceans, and mollusks as compared to those prevailing in
teleosts (Carteni and Aloj, 1934a, b ) . The reverse applies as regards
potassium.
C.

PHOSPHORUS, CALCIUM, AND MAGNESIUM

1. Flesh
Some of the earliest analyses of fish refer to phosphorus (Atwater,
1892; Williams, 1897, 1911). Some figures have been selected from these
lists to indicate ranges (Table II). All figures fall into the same order of
magnitude as those for various kinds of meats. Williams singles out herring, halibut, and John Dory as rich sources of phosphorus. John Dory
showed figures of no less than 1.33%.
The jcntent of phosphorus, calcium, and magnesium in fish flesh,
however, is in fact highly variable, as shown in the next tabulation.
Milligrams per 100 g. meat
Element

Range

Average

Phosphorus
Calcium
Magnesium

100-400
5-200
10-60

220
30
30

According to De Clercq (1932), meat from fish belonging to the
Pleuronectidae family exceeds 1,000 mg. per 100 g. in phosphorus content. Some authors quote still higher figures for calcium. According to
Costa Saenz (1952), the meat of Ethmidium chilcae contained on the
average 186 mg. of calcium per 100 g. In a study of Chilean fishes in this
respect, Thyrsites atun turned out to have the highest amount of both
calcium and phosphorus (Schmidt-Hebbel, 1950).
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A great number of investigations refer to various food fishes, both
marine and inland, in India, chiefly from the Bombay and Madras
provinces as well as the Deccan. They exhibit appreciable variation
between species, for example, from 0.26 to 1.73% P2O5, and from 0.10 to
1.54% CaO (Saha and Guha, 1939; Niyogi et ah, 1941). Freshwater
fish (Bengal) show a corresponding variation but decidedly lower
and more normal level (Basu et ah, 1942; Airan, 1950). Noteworthy is
TABLE II
SELECTED FIGURES ON PHOSPHORUS CONTENT IN FISH

P2O5 in flesh (%)

Fish
Cod
Eel
Haddock
Halibut
Herring
Mackerel
Plaice
Salmon
Sole
Trout
Turbot
Whiting
California salmon
(canned sample)
PoTk
Beef
Mutton
E
gg s

Fresh fish»

Cooked fish0

0.60
0.68
0.97
0.44
0.56
0.56

0.34
0.37
0.87
1.04
0.82
0.53
0.32
0.41
0.25
0.69
0.30
0.37
0.51

—

0.59

—

0.81
0.48

—
—
0.16«
0.29»
0.43«
0.34«

From Atwater (1892).
* From Williams (1897, 1911).

the much higher calcium content of the flesh of marine fishes as compared to figures published from other parts of the world. Setna et ah
(1944) state for such fish in the Bombay area 1,136 mg. to 97.5, with the
major part of the species exceeding 350 mg. per 100 g. As the phosphorus
level remains normal, this means a substantially changed Ca/P ratio (see
below).
The variability also seems to be considerable within each species:
for example, Van de Velde (1932) found amounts of phosphorus ranging
from 330 to 740 mg. per 100 g. in mackerel and 240 to 410 mg. per 100 g.
in plaice. These fluctuations were tied to numerous factors, especially
the content of calcium in the water, to age, sex, and the sexual maturity
of the animal (Vinogradov and Odum, 1953); in herring, the Ca/P ratio
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114

P

265
62

—
—
—

—

tr

—
—

tr

K

—
—

Na

—
—

—

11.9

tr

tr

I

4.9
1.0

3.64.3

3.0
1.2

0.6

Fe

0.06
0.05

—

tr

tr

0.4

Cu

415
98

—

58
85

160

Cl

ANALYSES»

Costa Saenz, 1952

Arevalo Padilla, 1952

Source

Cojinova
Bazan, 1956

Vallejos Plantano, 1952
Colo or
suco
Sawant and Magar,
White
1958
pomfret

Machete

Cherlo

Common
name

The figures for the various constituents refer to milligrams in 100 g. fresh weight; tr: trace.

tr
tr

1.10
1.11

1.19

Neptomenus crassus
Hard roe
Soft roe

peruanus
48

Parahnchurus

—

131

Stromateus sp.

1.53

Ca
186
109

chihae

(%)

1.44

Ethmidium

Acanthistium

Fish

Ash

TABLE
SELECTED SOUTH AMERICAN FISH
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decreased from 3.6 to 1.3 between November and January (De Clercq,
1933); it was somewhat higher in the female than in the male (De Clercq,
1934). Through analyses on numerous fishes of the Indian Seas, values of
150 to 360 mg. of phosphorus per 100 g. were encountered (Khorana et
al., 1943). Figures are also available from other sources: tropical Africa
(Busson et al., 1953) and South America (Arevalo Padilla, 1952; Castillo
La Rosa Sanchez, 1952; see also Table III).
Tables showing the composition of foods (Rose, 1933) report calcium
contents of 22mg./100g. in the meat of lean fish (edible parts) and
19 mg./100 g. in fat fish. These are the average figures, the extremes of
which vary from 6 to 120 mg./100 g. Mollusks and certain crustaceans
contain 85 and 69mg. of calcium per 100g. (edible parts), respectively.
They are thus good calcium sources, although not as rich as milk (118
mg./100g.).
Carteni and Aloj (1934a, b ) found teleosts to contain more calfcium
and less phosphorus than shellfish. This is largely true, also, for Indian
fishes as compared to mollusks and crustaceans (Chari, 1948).
The calcium/phosphorus ratio varies between 0.05 and 0.6 with an
average of 0.2. On the whole, fish is less unbalanced than meat as to
phosphorus and calcium. Fish consumed whole are a good dietary source
of calcium.
The magnesium content is generally higher in the edible parts of
selachians and shellfish than in the teleosts (Carteni and Aloj, 1934a, b ) .
2. Viscera
According to De Clerq (1934) the viscera of whiting contain from
560 to 770 mg. of phosphorus and from 1,010 to 1,530 mg. of calcium per
100 g. of dry substance. Based upon 30% of dry substance, these values
correspond to 170 to 320 mg. of phosphorus and 300-460 mg. of calcium
per 100 g. of fresh material.
3. Whole Fish
The whole fish has a much higher phosphorus and calcium content
than the meat alone. With various species in Cameroon currently eaten
fresh or prepared, Bergeret and Masseyeff (1957) obtained the results
shown in Table IV.
In a similar study in Togo, but limited to calcium, Perisse and Le Berre
(1957) obtained comparable results on fish eaten whole, shown in Table
V.
The richness in calcium is due to the skeleton and scales, which both
contain tri-calcium phosphate (apatite) and calcium carbonate. In smallsized species the importance of the scales seems to be of prime order.
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According to Da Costa and Stern (1956), Portuguese sardines preserved
in oil contain 580, 490, or 54 mg. of calcium per 100 g. respectively, depending upon whether they are intact, boneless, or without both skin
and bone. The corresponding amounts of phosphorus are 624, 545, and
320 mg. per 100 g. Skin and scales should then contain close to nineTABLE

IV

CALCIUM, PHOSPHORUS, AND WATER CONTENT IN SEVERAL W H O L E FISH
( I N CAMEROON) a

Water
Fish

(%)

Various species in the fresh stage
Ethmalosa dorsalis, dried
Stockfish, dried
Ethmalosa sp. (bilolo), dried
Synodontis sp.

72.4
10.4
23.4
17.1
20.6

a

Phosphorus
(mg. per 100 g.)
350
540
640
520
440

Calcium
(mg. per
100 g.)
888
1640
776
1490
1370

From Bergeret and Masseyeff (1957).
TABLE V
CALCIUM AND WATER CONTENT IN SEVERAL W H O L E FISH ( I N T O G O ) *

Fish

Water
(%)

Calcium
(mg. per 100 g.)

Sun-dried fish
Engraulis enchrasicholus
Sardineüa aurita

23.3
24.9

3244
3982

Smoked and dried fish
Brachydeuterus auritus
Brachydeuterus auritus
Vomer setapinnis
Vomer setapinnis

32.0
31.1
36.1
40.1

3796
3044
3005
3443

Smoked fish
Engraulis enchrasicholus
Sardineüa cameroneensis
Sardineüa aurita
Brachydeuterus auritus
Sphyraena guachancho

17.8
15.5
22.5
22.7
22.1

2680
3884
4247
4857
2732

a

From Perisse and Le Berre ( 1 9 5 7 ) .

tenths of the calcium of the fish and more than half of its phosphorus.
Perisse and Le Berre (1957) confirmed the importance of the scales,
finding 1,643 mg. of calcium per 100 g. in Sardinella cameroneensis, when
scales were removed and smoked (at 34.5% water) but correspondingly
3,884 mg. in the same fish smoked but with ijts scales retained (at 15.5%
water).
Magnesium does not seem to have been analyzed in whole fish.
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IRON AND COPPER

1. Flesh
Fish flesh contains from 0.4 to 5mg. of iron per 100 g. (Parks and
Rose, 1933; Ranganathan, 1938; Nilson and Coulson, 1939; McCance and
Widdowson, 1940; Khorana et al, 1943; Airan, 1950). On an average it
comes close to one mg. In general, salt-water fish contain more iron than
fresh-water fish, although Indian species of the latter group show high
values (Airen, 1950). Cod and haddock seem to constitute exceptions to
this general rule (Peterson and Elvehjem, 1928; Parks and Rose, 1933).
Dark meat is almost twice as rich in iron as white meat (Parks and Rose,
1933; Namiki, 1934).
Part of the iron enters into the formation of a complex of iron-coppernucleoproteins, from which it is liberated by pepsic or trypsic digestion
or through the activity of acetic acid (Saha and Guha, 1940; Saha, 1941b).
The copper content of the flesh is from 0.04 to 0.6 mg. per 100 g., with
an average of 0.25 mg. (Lindow et al, 1929; Parks and Rose, 1933; Nilson
and Coulson, 1939; McCance and Widdowson, 1940; Saha, 1941a). In
contrast to iron, there is no noticeable difference between sea-water and
fresh-water fish (Lindow et al, 1929; Parks and Rose, 1933). Oysters are
a particularly rich source (3mg. per 100 g.). This was also shown by
most of the above-mentioned research workers, as well as by Carteni and
Aloj (1934a, b ) . Crustaceans frequently contain 0.4-0.7 mg. per 100 g. or
even more. Oysters from the eastern coast of the United States carry
larger amounts of copper than those from the California coast (Bodansky,
1920; Severy, 1923). See figures given in Table VII.
2. Viscera
According to Medina Blanco et al. (1956), the eggs of hake are very
rich in iron and copper: the analyzed samples contained from 27.5 to
52.5 mg. of iron per 100 g. (average: 38.2 mg.) and from 0.375 to 1.5 mg.
of copper (average 1.1 mg.); one of these samples, however, showed
only traces of these elements.
Milt seems to be less rich in iron, containing on an average 1.5 mg.
per 100 g. (Schmidt-Nielsen and Schmidt-Nielsen, 1939; Reisler, 1952).
E.

IODINE

Of all the mineral constituents of fish, iodine seems to show the
largest range in content, varying between 0.01 and 0.2 mg. per 100. The
amount of this element may even reach 0.5 mg. (Lunde, 1928; Lunde
et al, 1930; De Clercq, 1932; Ripperton, 1934; Westgate, 1935; Nilson
and Coulson, 1939). The variation is so great that it is difficult to give
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an average figure; Lovern (1946), nevertheless, suggested 0.17 mg. The
first investigator to determine the iodine content of a large number of
fish, from both the seas and fresh waters, was Bourcet (1899). Some
fifty fresh marine foods and particular fish were analyzed by Tressler and
Wells (1924) and several processed products by Wells (1925).
TABLE

VI

AVERAGE IODINE CONTENT OF COMMON SEA FOODS'1

Sea food

Iodine content
( μ ^ per 100 g.
fresh weight, edible)

Marine fish
Sole
Sea bass
Sardines
Mackerel
Halibut
Herring
Sea perch
Cod
Haddock

16.3
25.0
28.4
37.1
52.0
52.0
74.2
146.3
318.0

Anadromous fish
Sea trout
Salmon

32.0
34.1

Fresh-water fish
Carp
River bass
Lake trout
River perch

1.7
3.0
3.1
4.0

Fish oils
Salmon oil
Cod liver oil
All others taken together

245.0
838.7
305.2

Shellfish
Crabmeat
Oyster
Clam
Lobster
Shrimp

30.8
57.7
78.3
102.0
130.0

a

Anonymous (1952).

Marine foods—sea fish and shellfish—are by far the richest source of
iodine in the ordinary human diet (Anonymous, 1952; Astwood, 1955).
Fresh-water fish contain least (30 μg./kg.); anadromous fish, which spend
part of their life at sea and part in fresh water, have eleven times as much
(330 μg./kg.), and at the top of the scale come the true marine fish, with
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an average content nearly thirty times that of fresh-water fish (Jarvis,
1928; Anonymous 1952; Reisler, 1952). Correspondingly, the oil from
salmon—an anadromous fish—contains very much less iodine than does
liver oil from cod—a wholly marine species (see Table VI).
According to Lunde et al. (1930), the fishing locality has a considerable influence; thus, with the exception of haddock, fish caught along
the California coasts are less rich in iodine than those of the same species
caught on the Norwegian coasts. These differences might depend upon
the lower iodine content of the plankton.
The skin of fatty fishes is pronouncedly higher in iodine than the
meat, but with lean fishes it is rather the reverse (Lunde et al., 1930).
Shellfish and selachians are found to have a higher iodine content in
their edible parts than teleosts (Jarvis, 1928; Carteni and Aloj, 1934a, b ) .
Crustaceans are in the same bracket as marine teleost fish (Jarvis, 1928;
Anonymous, 1952).
F.

FLUORINE

The flesh of marine fishes generally contains from 0.5 to 1 mg. of
fluorine per 100 g. (Tolman, 1937; Lee and Nilson, 1939; McClure 1949a,
b; Monier-Williams, 1949; Truhaut, 1955). Machle et al. (1939) list the
figure of 0.163 mg. for fish analyzed in Cincinnati, but without any other
specifications as to species and size. Soviet studies by Krylova listed in
Reisler (1952) give the figures shown in the next tabulation.
Fluorine
(mg. %)

Fish
Soles
Codfish
Eleginus nawaga
Eleginus gracilis
(Far East species)

0.019-0.193

Fish

Fluorine
(mg. %)

Shrimp
Carp

0.040
0.032

Crab

0.085

0.051
0.301-0.451

The skeleton is richer in this element than the skin. Fish eaten whole
thus convey far more than is contained in the flesh.
Marine species generally have a higher fluorine content than freshwater fish (Vinogradov and Odum, 1953).
G.

MANGANESE

The analyses of manganese in fish meat have given highly divergent
results. Orent and McCollum (1931) found from 0.01 to 0.05 mg. per
100 g., and Parks and Rose (1933) from 0.01 to 0.04 mg. But Lindow and
Peterson (1927) did not find manganese in any of the analyzed species
(bluefish, codfish, salmon, and halibut), while Peterson and Skinner
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(1931) give values varying between 0.012 and 0.039, with 0.025 as the
average. For this microelement, as for iodine, the composition of the
plankton probably has a decisive influence.
Manganese is accumulated in the liver of several sea-water fishes, as
the figures (Richards, 1930) given in the next tabulation prove.
Fish

Milligrams Mn per 100 g. liver tissue

Monkfish
Codfishes (av.)
Cod
Haddock
Hake

0.076
0.079
0.08
0.148
0.196

Fresh-water species contain somewhat more manganese than marine
species (Parks and Rose, 1933). Only traces are reported from shrimp
by Lindow and Peterson (1927), and 0.03 mg./100 g. flesh by Peterson
and Skinner (1931). The amounts in other crustaceans are of the same
magnitude. These latter authors found oysters exceptionally rich in this
element (0.21 mg./100 g.).
H.

ZINC

According to the few figures given in various publications, fish should
contain from 0.7 to 3 mg. of zinc per 100 g. According to Bertrand and
Vladesco (1921), the flesh of young fish has a higher zinc content than
that of adult fish. They give the following values in milligrams per 100 g.
flesh: tench, 6-8; herring, 2.2-5.0; Leuciscus idus (young to old), 1.8-14.2.
The catfish is noted for its higher zinc content (Bodansky, 1920; Bertrand
and Vladesco, 1921).
TABLE

VII

COMPARISON OF COPPER AND ZINC CONTENT IN SHELLFISH FROM THE EAST AND
W E S T COASTS OF THE UNITED STATES 0

Number of samples

Copper0

Zinc»

California
Oyster
Clam
Shrimp
Crab

8
3
6
9

0.39
0.00
1.31
0.25

6.50
1.16
1.87
3.10

East coast
Oyster
Clam
Shrimp
Crab

3
1
3
2

4.39
0.00
1.30
0.58

25.99
7.70
1.17
2.06

<* From Severy (1923).
& Figures indicate milligrams per 100 g. of edible flesh.
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The highest zinc content is found in the gills (102.5); next comes the
liver (55.5), and then the milt (43.5). These figures refer to the red snapper (Bodansky, 1921). Reisler (1952) states the presence of 1.15-7 mg.
on the basis of analyses by Ivanov at the Rostov-on-Don Fish Research
Station. Mollusks (Severy, 1923; Hiltner and Wichmann, 1919), crustaceans, and octopuses are, on the whole, rich in zinc (Severy, 1923;
Reisler, 1952). Oysters once again seem to be the richest source (see
Table VII). They are able to concentrate this metal, apparently, far in
excess of their own functional requirements (Hiltner and Wichmann,
1919). Gryphea angulata contains about 300 mg. per 100 g. fresh weight
(Simonnet, 1951, p. 105).
Interesting comparisons were made by Severy (1923) between shellfish from the East Coast of the United States and from California. Oysters
and clams showed a notably higher amount of zinc in the East. The zinc
content of shrimp was almost identical, whereas that of crabs was somewhat higher in the West (see Table VII).
I.

LEAD

Although Lampitt and Rooke (1933) did not find lead in marine animals, its presence in fish was recognized by others (Kringstad, 1935;
Lunde and Kringstad, 1935; Cheftel and Pigeaud, 1937; Lepierre et al.,
1937; Boury, 1938). It is present in quantities ranging between 0.005 and
0.020 mg./100 g. in the whole fish. Evisceration and beheading bring
about a decrease in this amount (Boury, 1938). Reisler (1952) states
that the tissue of certain crustaceans contains higher quantities than are
encountered in fish.
J.

ARSENIC

The amount of arsenic in marine fishes is greatly variable and in certain cases can attain high values. Cheftel (1950) maintains that only
exceptionally does it exceed 0.05 mg./100 g. Chapman (1926), however,
found 0.7 mg./100 g. in sole and still higher values in shellfish. Arsenic
alone was measured by Shtenberg (1939) in the tissues of 24 fresh- and
salt-water fishes (88 samples). The lowest value was obtained with
Cyprinus virula (in Russian, "tara"), 0.062 mg./100 g. fresh weight, and
the highest, 0.473 mg., in stockfish. The arsenic content is related to that
of the surrounding water. The lowest values were encountered in the
southern part of the Caspian, on the average 0.284 mg./100 g., and the
highest, 0.88 mg., in the Sea of Okhotsk. Predaceous fishes accumulate
arsenic, the catfish showing exceptionally high values.
Ellis et al. (1941) reported analyses of 15 species and 681 samples of
fresh-water fishes. The general average was 0.03 mg. of arsenic per 100 g.
(0.02mg. after removal of the viscera). They state that on the average
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such fish contain 1-5 times more arsenic than vegetables and 10-20 times
more than milk. Shtenberg (1939) analyzed several shellfish, both crus
taceans and mollusks, obtaining values between 0.172 and 0.478 mg./100
g. fresh weight.
K.

OTHER MICROELEMENTS

There are numerous ad hoc analyses of the many additional minerals
published throughout the scientific fish literature. No complete listing is
sought here. Only a few findings of possible interest to future research
will be quoted.
Chittenden (1877) encountered traces of lithium in the Atlantic
halibut (Hippoglossus americanus). Recent, more accurate analyses have
confirmed the presence of nickel in marine sea food, 0.7-2.9 μg./100 g. of
flesh (Laevastu and Thompson, 1956). One Pacific salmon, namely Oncorhynchus kisutch, is particularly rich in this respect (2.9 μg.), which is
in accordance with earlier Soviet reports by Maljuga (1939). A related
salmonid—the smelt—is also in the higher range: 1.5 μg. (Bertrand and
Macheboeuf, 1925a). Paulais (1936) discovered a concentration of nickel
in the gills of fish and in the liver of mollusks. Nevertheless, the flesh
contains significant quantities. Nickel presumably is essential to marine
organisms, including fish. This is indicated by the high degree of con
centration as compared to sea water—41,000 times greater (Noddack
and Noddack, 1939). Little is known, however, as to the possible func
tion of nickel in human physiology.
Another element, also proved essential to human beings, is cobalt.
The concentration of this is given as one-tenth of that of nickel (Noddack
and Noddack, 1939), but as higher by Bertrand and Macheboeuf (1925a
and b ) . Reference is here made to the chapter on vitamins in fish (Volume
I, Chapter 13), as cobalt is a cardinal part of the vitamin Bi 2 molecule.
As to trace elements in general, reference may also be made to several
compilations of data (Vinogradov, 1935, 1937; Vinogradov and Odum,
1953; Niemann, 1958). The following rare elements, boron, bromine,
lithium, strontium, and a few others, are more concentrated in marine
fish than in those from fresh waters (Vinogradov and Odum, 1953).
III.

Influence of Cooking on Mineral Composition

Fish is frequently consumed cooked, so it is appropriate to discuss to
what degree various cooking methods influence their mineral content.
A.

BOILING IN WATER

From the moment when the water in which fish is cooked reaches the
boiling point, the muscular fibers of the fish contract, extruding a certain
quantity of water. Subsequently, the meat breaks up in flakes, and the
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water penetrates little by little into the openings formed. If the cooking
is prolonged, this movement of water into the tissue tends to counterbalance the outflow. Under these conditions, it is obvious that the losses
of weight and water caused by boiling vary greatly, not only with species
—Williams (1911) noted losses in weight for 25 species within a wide
amplitude of 6 to 41%—but also with cooking conditions. According to
the experiences of McCance and Ship (1933), the losses of weight and
water are always of the same order of magnitude—on the average, 28%
for lean fish.
The mineral salts are lost especially through diffusion, which explains
that the total decline in the mineral content is proportionately more important than the losses of water. According to McCance and Ship (1933),
these losses amount on an average to 40-60% for chlorine, sodium, and
potassium, and 20-30% for phosphorus, magnesium, and calcium.
B.

STEAM HEATING

Fish cooked in steam lose less in weight than red meat, and this
phenomenon also proceeds at a slower rate.
The loss in weight is due essentially to an outflow of water. It brings
about a loss of mineral salts; but as these cannot diffuse to a surrounding
medium, steam-cooked fish maintains its mineral content better than
boiled fish. Chlorides, as well as other salts of sodium and potassium are,
owing to their high solubility, removed, on the average, to the extent of
30%. Phosphorus, magnesium, calcium, and iron, which are partly combined with insoluble substances, particularly proteins, are eliminated to
the extent of 15 to 25% (McCance and Ship, 1933). As to the total losses
of mineral salts, they are proportionate to the loss of water.
C.

OVEN BAKING AND BROILING

Characterized by a continued evaporation of water from the fish with
a simultaneous decrease in weight, these two ways of cooking bring about
only small losses of mineral salts. As a matter of fact, the loss of water
provoked by the contraction of the muscular fibers takes place only
through evaporation. The fish is not in an environment which favors the
diffusion of its soluble constituents to the surrounding medium.
D.

DEEP-FAT FRYING

Deep-fat frying is the method of cooking which assures the best
preservation of the nutritive value of fish. Even though it means a still
more rapid evaporation of water than in oven baking or broiling—consequently, a considerable reduction in weight also (on the average 24%,
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according to McCance and Ship, 1933)—the losses in mineral substances
are almost negligible ( 2 - 6 % ) .
IV.

Physiological Utilization of the Mineral Constituents

The only data available regarding the physiological utilization of the
mineral constituents of fish refer to phosphorus, calcium, iron, and, to a
minor degree, fluorine and arsenic.
A.

PHOSPHORUS AND CALCIUM

This problem has been little studied. Lunde and Lie (1940) fed three
groups of rats with diets containing identical amounts of calcium from
fresh sardines, canned sardines, and powdered milk respectively. The
retention of calcium, measured by the differences in the calcium content
of the whole animals at the end of the experiment and their presumed
content as its start, amounted respectively to 94.7, 92.1, and 93.8% of
the quantities eaten by the rats.
On the other hand, Basu et al. (1942) included 70 g. daily of small
whole fish for 4 adults subjected to a poor diet, based on rice, supplying
only 200 mg. of calcium daily. The additional calcium and phosphorus
thus administered amounted to 577 and 637 mg. respectively. These four
individuals retained about 45% of these supplements. 1 Even though these
two experiments were of limited scope, they indicate, nevertheless, that
the utilization of phosphorus and calcium from fish is excellent, regardless of whether only the meat or the whole fish was eaten.
B.

IRON AND COPPER

After breaking loose from complex iron-copper-nucleoproteins, the
iron in the fish is rapidly absorbed (Saha and Banerjee, 1943) and possesses a high regenerative potency on the hemoglobin of rats, anemic due
to a diet rich in milk (Saha, 1941c). But the other constituents of the
complex have their influences: as a matter of fact, the elimination of
copper clearly diminishes the antianemic action of this complex, and the
iron-copper association, separated from the protein fraction, has a hematopoietic power inferior to that of the complex (Saha, 1941c). Due to
the iron content fish is most effective in regenerating hemoglobin in cases
of anemia (Whipple, 1935).
As a copper source, oysters are exceeded only by calves' liver, which
explains their therapeutic value. Several studies report on the curing of
milk anemia in rats through oysters (Levine et al, 1931). This is attributed to their high content of iron and zinc, but primarily copper. In
1

This proportion is rarely exceeded by adults, even with milk.
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spite of the relatively high copper content of oysters, no harmful effects
have been observed, nor is there any excessive accumulation of copper
in the body when large quantities are consumed (Coulson et ah, 1934).
C.

OTHER MINERALS

Fish, particularly of marine origin, is equally unique as a source of
fluorine as it is with regard to iodine. Fish, containing on the average
5 p.p.m., is far ahead of most other foods (Lee and Nilson, 1939; McClure, 1949a, b ) . This is even in excess of the 2 p.p.m. level which is considered to cause mottled teeth. But the fluorine of fish is bound organically and consequently not fully utilized by the human body (Lee and
Nilson, 1939).
On the island of Tristan da Cunha, where the drinking water is
deficient in fluorine (less than 0.2 p.p.m.), Sognnaes (1941), however,
observed in no less than 16% of the inhabitants fluorose dental lesions
which he attributed to an excessive consumption of fish (240-390 g. per
day and person). Further research is needed on this matter. In the proportion in which fish normally is eaten, it is, nevertheless, an important
source of fluorine, favorably counteracting dental caries (Cox, 1952).
The arsenic question was studied by Chapman (1926) and Coulson
et al. (1935). According to this author, the arsenic of marine animals
enters into an organic bond, from which it is not liberated during the
process of digestion. The existence of such compounds might explain the
absence of danger from too large doses of the arsenic that some fish,
crustaceans, and mollusks seem to contain.
V.

The Importance of Fish as a Source of Minerals
A.

GENERAL

The mineral composition of cooked fish meat as compared to the
minerals supplied by an average diet (Table VIII) shows that fish is: an
important source of iodine, and maybe of fluorine (if this latter is well
utilized by the organism, which is not certain); a significant source of
phosphorus, potassium, iron, and copper; short in chlorine and sodium
(in spite of the relative richness of sea water in sodium chloride) and,
with certain exception, in calcium also.
Although their mineral composition has been little studied, the viscera
seem superior to the meat as a source of phosphorus, calcium, and iron.
Whole fish is superior to the flesh alone as a source of phosphorus
and, above all, calcium. In the fresh state, 100 g. of fish of the smaller
species seems capable of totally satisfying the calcium need of the adult
(about 800mg. daily).

100
60
400
220
30
30
0.8
0.25
0.17

Element

Chlorine
Sodium
Potassium
Phosphorus
Calcium
Magnesium
Iron
Copper
Iodine

—

—

0.15-0.30

2.5

300

—

12

—

—
—

6000
4000
3000

Quantity
normally
consumed
(mg./day)
(5)

1200
800

Adult
requirement
(mg./day)
according to
National Research
Council
(4)

50
30
200
165
22
22
approx. 0.6

W_

Cooked
in water

Average content (mg./100 g.)

Raw
fish
(2)

TABLE VIII
NUTRITIVE IMPORTANCE OF MINERALS IN FISH FLESH
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For a general discussion of the nutritive aspects of fish in general and
minerals in particular, reference is made to Gimenez (1934), Quagliarello
(1934, 1936), Ranganathan et al. (1937), and Causeret (1950a, b ) .
B.

FISH IODINE, GOITER, ETC.

As indicated earlier, the only rich source of iodine commonly included
in the human diet derives from marine animals. Inclusion of fish in the
diet once daily provides an abundant iodine intake. It is probably this
source that, more than any other, accounts for the finding that popula
tions near the sea receive more iodine than those farther inland. The
problem of obtaining sufficient iodine from food of nonmarine origin
may be seen from values shown in Table IX. Iodine-rich seaweed is an
abundant source on a limited scale for some peoples.
TABLE

IX

APPROXIMATE QUANTITY OF COMMON FOODS NEEDED TO SUPPLY 100 μg.

Food
Vegetables, fruits
Cereals, grains, nuts
Meat, fresh-water fish, fowl
Milk
Eggs
Marine
Shellfish
a

OF IODINE 0

Pounds of fresh product

fish

10
8
6
4
2
0.3
02

From Astwood ( 1 9 5 5 ) .

Japan is nongoitrous as compared with other countries. This would
appear to be due not only to proximity to the ocean, which would imply
a high content of iodine for much of the vegetation, but also to the Japa
nese diet, which is extremely high in fish, marine algae, and sea food of
all kinds. Even in the mountainous valleys among 20,000 inhabitants,
only four goiter cases were encountered (McClendon, 1939). In a similar
way, the coastal area of mid-China is free from goiter because of marine
foods (Adolph and Whang, 1932), and the case is similar in the nongoitrous province of Buenos Aires, as compared to the Andean province
of Salta (Mazzocco, 1929).
On the other hand, the Formosans, whose food habits are like the
Chinese rather than the Japanese, with less sea food, are highly goitrous,
even though the soils of Formosa are from the same geological formation
as those of Japan. Goiter is common in Thailand, Sumatra, Java, Borneo,
and Bali (Gilbert, 1957).
Canned salmon has been studied as a prophylactic against goiter
(Jarvis et al.} 1926). The same would undoubtedly be true of other iodine-
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rich fish varieties. No studies, however, are available on the degree of
absorption of iodine from diverse fish sources.
United Kingdom studies (Anonymous, 1952) in urban working-class
families revealed that the average food intake provided less than half of
the weekly iodine requirements. Only 565 mg. was conveyed through
food. Of this quantity, fish accounted for no less than 35% (198mg.)—
the single food commodity providing most iodine (Table X) in spite of
the per capita consumption of the item not being particularly high.
TABLE X
ESTIMATED IODINE INTAKE IN CERTAIN U N I T E D KINGDOM F A M I L I E S

Milligram
iodine
per week

Food
Fish
Cereals
Milk
Vegetables

198
113
95
82

Consumption
per capita
per week
8.4
85.4
4.8
99.9

oz.
oz.
pints
oz.

A problem that has been widely discussed but not too profoundly
studied is to what degree iodine of sea food might enter into foods of
animal origin through foodstuffs of this nature. The composition of meat
and milk does not seem to be influenced, while eggs largely increase their
iodine content through the use of marine fish meal or fish scraps in the
poultry ration (Almquist and Givens, 1935).
C.

LOW-SODIUM DIETS

There has been some doubt expressed about the advisability of utilizing fish in sodium-restricted diets prescribed to persons suffering from
hypertension. This is entirely unfounded even in the case of salt-water
fish, in spite of their inhabiting waters containing so much sodium chloride. Although salt-water fish average higher in sodium content than the
fresh-water varieties, they still stand out favorably in respect to the values
approved by dietetic experts. A low-sodium diet should contain less than
100 mg. of sodium per 100 g. food, and preferably less than 60 mg. None
of the individual species—of either salt- or fresh-water fish—contains as
much sodium as this permitted maximum (Thurston, 1958). Even the
species having the highest individual sodium values were well suited for
inclusion in low-sodium diets, since no specimens contained as much as
100 mg. of sodium per 100 g. of flesh. Since fish vary markedly in flavor
and texture, this offers the possibility of a diversification in low-sodium
diets.
It is evident that the addition of salt would bring about a tremendous
change in the sodium content of this food. Low-sodium packs have to be
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au naturel. Canned salmon and tuna have been studied in this respect
(McBride and MacLeod, 1954; Murray et al.y 1954). To get some idea
of the structure of each of the readily separable constituents present in
a can of fish with regard to the total sodium and potassium content, the
bones, liquid, and drained, bone-free flesh of fish canned without added
salt were analyzed. Although on a unit-weight basis bones are relatively
high in sodium and potassium, their total weight, and hence their con
tribution to the total sodium and potassium content of the cans, is small.
Approximately 25% of the total sodium and potassium salts is present in
that portion of the liquid in the cans which can be readily drained from
fish, thus allowing still greater reduction in the amount of sodium.
The addition of salt to the boiling water in preparing fish naturally
will greatly increase the sodium content. In some cases there is the prac
tice among fishermen of throwing salt on the fish that reach the deck in
order to retard spoilage somewhat. A similar practice is on occasion em
ployed in the icing. In both cases sodium values increase far above the
natural level. In the making of dried cod or lingcod salt is frequently
used as a drying agent. Consequently, codfish shows high sodium values.
Brine storage greatly increases the sodium content of pink salmon
(Thurston and Groninger, 1959).
D.

BONE EATING

Latin America, where the dairy products have only limited space in
the diet, the intake of calcium through fish, eaten whole—fresh, or pre
served through drying, salting, or smoking—can thus supplement the
vegetable foods and ensure an improved bone development (Wood,
1947).
Merely cooking the fish with the bones provides calcium. When cuts
of Stromateus niger ("bawal") and Lates calcarifer ("kakap") were boiled
with the bone, the calcium content of the flesh, in relation to the dry
matter, was increased by 75%, as compared with that prepared with
out bone. Phosphorus, however, was reduced by about one-third (van
Veen, 1948).
In this respect the superiority of fish is most evident when it is con
sumed whole, as small, deep-fried dishes or canned sardines. The cal
cium of the bones, mainly represented by calcium phosphates, is well
utilized by the body (Basu et aly 1942).
E.

FISH IN RELIEF PLANS

Efforts have been made in numerous countries for the past ten years,
often with the technical support of international organizations (FAO,
WHO), to develop ocean fisheries or the cultivation of fish and to expand
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the consumption of small fish eaten whole in the form of pastes, sauces,
etc. These efforts are of great value, not only to ensure the prevention of
kwashiorkor and other types of protein malnutrition, but also to improve
the calcium intake of the people. In 1948, a regional nutritional committee for South and Southeast Asia which met at Baguio (Philippines)
on the initiative of the FAO, recommended a general formula for inexpensive meals, comprising especially small fish eaten whole as a source
of calcium. Whenever this formula has been applied, it has given good
results.
Dried fish was an important part in the "usual village diet" in a
Belgian Congo study contributing substantially in providing both calcium and phosphorus (Holemans and Lambreches, 1958).
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