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Regardless of the zoological group to which an
animal belongs the greatest mass of materials
which form the tissues and organs, exclusive of
skeleton or shells, consists of three major groups
of organic compounds: proteins, carbohydrates,
and lipids (fats). Many analyses reported in the
literature show that, in spite of great variability
in the composition of meat of several species of
Ostrea and Crassostrea, the order of magnitude of
the three components is common to all the species
studied. The proteins make up 50 percent or
more of the solids, carbohydrates are less than 25
percent, lipids constitute less than 20 percent..

PROXIMATE COMPOSITION OF
OYSTER MEAT

A general idea of the proximate composition of
the meat of C. wirginica can be deduced from
tables published by the U.S. Department of
Agriculture for dietitians, nutritionists, physicians,
and others engaged in planning diets or in cal-
culating the nutritive value of foods (Watt and
Merrill, 1950, p. 36). The material used for such
analyses represents the average sample available
for purchase at the market or delicatessen store.
The figures do not refer, therefore, to oysters of
any particular locality or to time of the year.
For convenience in making a comparison all the
values originally given for 1 cup (240 g.) of raw
oysters were recomputed for 100 g., which corre-
sponds to five to eight medium-size oysters.
The sample contained 9.8 g. of protein, 5.6 g. of
carbohydrates, 2.1 g. of fat, 94.1 mg. of calcium,

FISHERY BULLETIN: VOLUME 64, CHAPTER XVII
733—-861 0—84——25

143 mg. of phosphorus, and 5.6 mg. of iron, and
80.5 g. of water. ;

When oysters are prepared for the market the
meats are shucked and washed, either in fresh
water or sea water. During this process the water
is stirred and air is blown through it to remove
grit, pieces of broken shell, and mud. The pro-
cedure affects the chemical composition because
some of the soluble salts present in the body are
lost, and the less soluble constituents, the proteins
and fats, then make up the greater proportion of
solids. Consequently the values for these two
components quoted above are somewhat higher
than for unwashed oysters. Correspondingly the
values of mineral salts in Watt and Merrill’s data
are lower.

SEASONAL AND LOCAL VARIATIONS

Variations in the chemical composition of oys-
ters follow distinct patterns related to environ-
ment and season of the year. The major environ-
mental factor affecting chemical composition is the
salinity of water. C. virginica is an estuarine
species which may be found in waters ranging
from almost 40°/,0, as in the sheltered bayous of
the Gulf Coast, to less than 3°/,, at the upper
reaches of bays after heavy rainfall (upper Chesa-
peake Bay, Mobile Bay, Apalachicola Bay, and
others). A change from wet to dry spells produces
a pattern of fluctuations in the contents of mineral .
salts in oysters growing in waters of fluctuating
salinity. Such conditions prevail in the waters of
the south Atlantic and Gulf states where the
annual range of changes from maximum to mini-
mum ash content was reported to be 5.3 to 31.1
percent on a moisture-free basis. The solids, for
the same period of time, varied between 7.5 and
18.4 percent of the wet weight of oysters (Lee,
Kurtzman, and Pepper, 1960). Fluctuations in
the moisture content due to absorption of water
and loss of solids are the most significant features
of changes in the chemical composition of oyster
meat which affect their commercial quality. Good
oysters contain two and one-half times more solids
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per unit of volume or weight, and obviously have
higher nutritive value than the poor ones contain-
ing over 92.5 percent water.

Oysters living under marginal conditions (see
chapter XVIII) are usually low in solids through-
out the year. A comparison of the mean annual
composition of meat based on a series of regular
observations discloses these differences. Table 38
summarizes the chemical studies made for 2 con-
secutive years on oysters from six southern states
(Lee and Pepper, 1956; Lee, Kurtzman, and
Pepper, 1960). The lowest values of total solids,
and of proteins, carbohydrates, and fat were found
in Georgia and the highest in ILouisiana and
Alabama oysters. Data on seasonal variation in
the composition of meat for the southern oysters
were analyzed by Lee and Pepper (1956). Solids
increase steadily from 9.5 percent in October to
about 13.5 percent in March; in the middle of
May they begin to decline and reach the lowest
value of 9.2 percent in September. The fat con-
tent followed the trend approximately. The
changes are associated with the gonad develop-
ment and spawning, which in the southern oysters
begins earlier and continues longer than in oysters
of the northern waters.

TaBLE 38.—Proximate mean composition of meat of C.
virginica from southern walers for 2 conseculive years,
from October 1954 to October 1956 inclusive, tn percent
of their net weight

[Recalculated from the data published by-C. F. Lee and L. Pepper (1956)
and C. F. Lee, C. H. Kurtzman, and L. Pepper (1960)

Solids Protein Carbo- Fat Ash
hydrate
State
1st 2d Ist | 24 | 1st | 2d | Ist | 2d | 1st | 2d
year | year |year|year|year|year|year|year|year|year
Louisiana_______. 11,5122 (58|63 |27]30j11|1L3]|19 L5
Mississippi- 11,2125 (51(61(30({33:1L1|L6]{20 L5
Alabama. 11.8|13.8 (58(6.1|3.3|46]13}1L6]|14 1.4
Florida.._. 10.8 | 11.7 [ 5.0 | 5.6 | 25|29 (0.8 {1L1|25| 21
Georgia____ 10.7 | 10.0 | 5,0 | 4.4 | 2.3 | 21|07 (10|27 25
South Carolina__| 13.5 [ 13.9 | 6.2 [ 6.6 | 3.7 | 40 | 1.0 | 1.1 | 2.6 2.9

YIELD AND QUALITY OF MEAT

Some idea of geographical differences in the
productiveness of oyster bottoms may be gained
by comparing the yield of oysters in pounds of
meat per bushel. It can be seen from table 39
copied from Power (1962) that the recorded yield
of market oysters in the waters of Delaware and
further north varies from 6.6 to 7.5 pounds per
standard bushel and is significantly higher than
in the southern states, from Maryland to Texas, in
which the yield is from 3.15 to 5.07.
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Ficure 355.—Average protein and carbohydrate content
in monthly samples of southern oysters in percent of dry
weight. Oysters for analysis were collected at the
shucking plant but were not subjected to the routine
washing and air bubbling procedure which causes large
salt and fluid losses. From Lee and Pepper, 1956.

The quality of oyster meat is related primarily
to the amounts of protein and carbohydrates.
The ratio between the two components changes
with the season and reproductive cycle. The
percentage of protein sharply decreases in May to
less than 40 percent of the dry weight while at the
gsame time the carbohydrates reach their maxi-
mum of about 60 percent (fig. 355). The actual
changes in the protein content are less pronounced
because of the increase in solids due to storage
of glycogen.

Decline in the ash (mineral matter) content of
oyster meat from the highest value of almost 25
percent (dry weight basis) in October to about 5
percent in May (fig. 356) and a gradual increase
during May to September are probably related to
changes in the salinity of water from which the
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FIGURE 356.—Average mineral matter and salt content in
the monthly samples of southern oysters (unwashed) in
percent of dry weight. From Lee and Pepper, 1956.
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TaBLE 39.—Yield of market oysters 1960, pounds of meat
in U.S. standard bushel

[From Power, 1962]

7.50 North Carolina. . .eceoaooo 4.21
6. 50 South Carolina_. ceme 2,93
7.00 Georgia___.___.. 3.15
7.70 Florida, east coast__ 4.20
New York._ 7.50 { TFlorida, west coast.__._._.... 4.22
New Jersey- - 701 Alabama____________.__ - 417
Delaware_..._ 6.60 | Mississippi. . 3.86
Maryland._. cemeeeo- A58 Louisiana__ ... 4,54
Virginia. o cooeioeeieceeae 4.19 NS < T R, 5.07

oysters were taken, but the problem requires
further study. ,

Variations in the chemical composition of the
meat of 0. edulis are similar to those which take
place in C. wvirginica. Gaarder and Alvasker
(1941) give a detailed account of these changes in
the oysters of Norwegian waters. The extent of
annual fluctuations that took place in 1936 are
given in table 40.

TABLE 40.—FExfent of changes in the chemical composition
of Ostrea edulis in Norway in percentage of wet weight

[According to Gaarder and Alvasker, 1941]

Weight| Mois- | Pro- | Carbo-| Gly-
of ture tein hy- cogen | Fat | Ash
meat drate
. g
Maximum._._______ 14.6 81.9 11.2 9.6 7.9 2.5 15
Minimum.._.____. 7.6 76.0 8.8 6.3 5.1 1.6 1.2
Average for 1936....| 11.3 78.7 10.0 7.8 6.8 2.2 1.3

In a comparison with the analysis of C. virginica,
the 0. edulis has a relatively higher carbohydrate-
protein ratio and higher fat content. This may
be due primarily to the fact that European oysters
are grown on oyster farms while the sample of
southern American oysters was taken from wild
populations. Likewise, the higher yields of C.
virginica in the waters of northern latitudes is
primarily the result of skill in cultivation by
private oyster growers of New England and the
North Atlantic states rather than geography.

INORGANIC CONSTITUENTS

The mineral content of the edible portion of the
oyster consists primarily of sodium chloride (fig.
356), but it also contains almost every chemical
element present in sea water. Spectrographic
analysis of 22 samples of oyster ash (exclusive of
shell) made by the U.S. Bureau of Mines in 1940
at the request of the Bureau of Fisheries (data
on file in the library of the Bureau of Commercial
Fisheries Biological Laboratory, Woods Hole,
Massachusetts) showed that the samples consisted
mainly of sodium, potassium, calcium, magnesium,
and phosphorus; and low concentrations of the
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following elements: copper, iron, silicone, alumi-
num, strontium, lithium, rubidium, nickel, silver,
titanium, zine, vanadium, platinum, manganese,
gold, and zirconium. The results are predictable
since sea water which contains these elements
enters the composition of the oyster’s body fluids.

IODINE

The presence of iodine in various sea food
animals has been generally known for a long
time and has been studied primarily from the
point of view of dietitians and nutritionists.
Coulson (1934) found that one average serving
of C. virginica (110 g.) would furnish to the diet
54 ug. of iodine, an amount higher than that
found in one serving of red salmon, milk, various
vegetables, and beef. The iodine content of fresh
oysters handled in the usual commercial manner
varied from 1,000 to 11,530 parts per billion on
the dry basis, or from 194 to 1,652 parts per billion
on the original wet weight basis. When the
means of individual variation are considered
statistically, there appears to be no significant
variation in the iodine content of oysters from
different Atlantic and Gulf states nor any signif-
icant variation with season. There is, however,
a significant difference between the Atlantic and

"Pacific Coast oysters, (C. virginica and O. lurida):

the Pacific species have a lower iodine content
than the Atlantic species. The mode of accumu-
lation of iodine in the oyster tissue and the role
it plays in the physiology of the oyster are not
known.

The iodine content in oyster meat can be arti-
ficially increased by placing live oysters in sea
water to which free iodine has been added. In
experiments with C. angulate at Arcachon, France,
Loubatié (1931) showed that the concentration
of iodine in the tissues of oysters increased 700
times over its normal value after live oysters
were kept for 4 days in water containing up to
3 mg./l. of free iodine. In 1932 a commercial
concern at Bordeaux, France, artificially produced
such ‘‘super-iodized”’ oysters and advertised
their beneficial effect in cases of anemia and other
maladies attributed to iodine deficiency. When
I visited Arcachon in 1932 there was apparently
a good demand for these oysters, which had a
strong iodine flavor.

HEAVY METALS

The ability to accumulate various elements
present in sea water at very low concentrations
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is common to many marine invertebrates. Of
particular interest is the ability of many
bivalves to accumulate various heavy metals,
such as zine, copper, iron, manganese, lead, and
arsenic. The problem is of importance because
in polluted coastal waters shellfish may store
substances that may be dangerous to human
health. Hunter and Harrison (1928) showed
that oysters affected by industrial pollution in
certain coastal areas in Connecticut, New York, and
New Jersey contained traces of lead (determined
as Pb) and arsenic (As,0;), the concentration of
the arsenic varying, depending on locality, from
0.6 mg./kg. to 3.0 mg./kg. of dry weight.

The accumulation of copper causes green dis-
coloration of the mantle and gills of oysters and
gives them an unpleasant coppery flavor. The
problem of greening has attracted many investi-
gators, especially since Lankester (1886) demon-
strated that green color in some oysters may
be due to an excess of copper, while in the green-
gilled European oysters of the west coast of France
the bluish-green coloration was caused by ab-
sorption of a pigment from a diatom, Nitzschia
ostrearia, called marenin (Ranson, 1927). Green
oysters similar to those of Marennes, France,
occur occasionally along the Atlantic coast in
Virginia (Mitchell and Barney, 1917) and in
North Carolina (personal observation). Accu-
mulation of iron, zinc, and manganese does not
change the color of oyster meat.

The degree of concentration of heavy metals in
the oyster body is related to the environment.
Oysters from the North Atlantic States are poorer
in iron and richer in copper than oysters of the
South Atlantic and Gulf States in which the rela-
tion is reversed. This has been shown by Coulson,
Levine, and Remington (1932), who analyzed a
number of samples collected from various states
in April and again in November-December, 1931.
Their observations are summarized in table 41.
The data show that the iron content of oyster meat

significantly increases from north to south while
the copper content decreases. The samples show
no significant variations in the manganese content.
The increase in iron content is associated with a
greater percentage of iron (as Fe;O;) in the river
water of the South Atlantic States discharged into
the estuaries than is present in the runoff waters
of the North Atlantic States. High copper con-
tent in the oysters of New Jersey, New York,
Connecticut, and Rhode Island is possibly asso-
ciated with the discharge of chemical wastes from
shore installations of these highly industrialized
states.

OBSERVATIONS ON NEW ENGLAND
OYSTERS

Seasonal changes in the composition of oysters
can best be studied by regularly taking samples
from a single bed containing a population of
oysters of known age. Such an investigation was
made by taking samples of oysters from a com-
mercial bed in Long Island Sound, off Charles
Island, and simultaneously recording the temper-
ature, salinity, and pH of the water. The work
was conducted from the Bureau of Commercial
Fisheries Biological Laboratories at Woods Hole
and Milford. For experimental purposes and for
checking analytical methods a large number of
4- to 5-year-old oysters were kept in the outdoor
tanks near the laboratories. Samples of 25 oys-
ters were taken once or twice a month for a period
of 22 months from July 1933 to August 1935.
Ten of the oysters were used for a chemical
analysis of ash, 10 for the extraction of glycogen,
and 5 for biological studies.

ANALYTICAL PROCEDURES

Oyster meats being prepared for chemical
analyses are easily contaminated with iron while
they are being removed from the shell. We found
that the following analytical procedure was most
satisfactory. The surface of the shells was cleaned
with a stiff nonmetal brush, and the whole oysters

TABLE 41.—Iron, copper, and manganese content of oysters from the Atlantic and Gulf coasts

[Results are expressed in mg./kg. (wet basis).

From Coulson, Levine, and Remington, 1932}

Spring samples Winter samples
Locality

Iron Copper Manganese Iron Copper Manganese
J. i Range_..____ 24.9— 32.1 41.2—122.9 1.05—3.00 | 31.5— 47.1 34.4—137.2 1, 56—2, 82
North Atlantic States. .----oooooooooooo o s L1| TUek 68| 2000020 | L7Te 11| 82k 61| 2401

i Range_______ 50.0—104.5 4.6— 38.0 1.26—~4.16 5. 1—135 . 4— 36. . 0—2.
South Atlantic States. . o.oo.oooooeie { Average. ... 0+ 8.0 161+ 3.8 2.40+0.25( 70.3k 8.1 | 17.0& 3.0  2.57+0.08
Gulf States {Range _______ 37.5— 74.8 | 5.9— 26.8 | 2.93—4.09 | 65.2—113.8 | 19.1— 48.2 3,07—4.40
""""""""""""""""""""""""" Average:....| 59.8+ 3.4 16.04 1.9 3.50+£0.15 | 82.5+ 5.0] 26.7% 3.0 3.774+0.13
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were put in glass containers and placed in an oven
at 50° C. for about 1 hour. The meats were then
removed with a glass spatula from the gaping
valves. The shell liquor remaining in the con-
tainers was added to the meats, and a sample of
10 oysters was weighed and placed in a porcelain
dish for drying at 90° C. to a constant weight.
The dried samples were pulverized in a glass
mortar. Then several grams of the powdered and
well-mixed sample were weighed into a silica dish,
charred over a low flame, and ashed in an electric
muffle at a temperature of 500° C. for 3 to 4 hours.

After cooling the sample was moistened with water

and 1 ml. of concentrated nitric acid was added.
The sample was evaporated to dryness on a hot
plate and returned to the muffle, this time at a
temperature of 400° C. One application of nitric
acid was usually sufficient to complete ashing.
Ash was dissolved by heating in a 1:1 solution of
hydrochloric acid, 10 drops of hydrogen peroxide
were added, and heat was applied until the libera-
tion of oxygen ceased. Finally the sample was
weighed, transferred to a 100-ml. volumetric flask
and diluted to the 100 ml. mark.

For iron determination Kennedy’s colorimetric
method of potassium thiocyanate was employed
(Kennedy, 1927), using ferrous ammonium sulfate
(dried to constant weight) as standard. Copper
was determined by Biazzo’s method as described
by Elvehjem and Lindow (1929) and Elvehjem
and Hart (1931). Zinc was determined by
Birckner’s method, using a nephelometer for
comparison of the turbidity of samples (Birckner,
1919) and zine oxide solution in hydrochloric acid
as the standard. Manganese was found by
Richards’ method (Richards, 1930). To determine
the reliability of analytical procedures, several
analyses were made in duplicate and occasionally
known quantities of metal salts were added to the
samples and recovered. In this way error due to
analytical procedures was found to vary between
0.5 and 2.5 percent.

Differences in the results of analyses of oyster
meat often are due to the method of obtaining
samples. The percentage of solids in a sample and
the corresponding figure of moisture content de-
pend on the method of drying. Sometimes the
sample is dried on a steam bath at a temperature
of 90° C.; in other cases the oyster meat is kept in
an electric oven at 95° or 97° C. The results will
also differ if the sample is first homogenized or if
the whole oyster is used for drying.

CHEMICAL COMPOSITION

The main source of inconsistency in the analyses
results from methods of discarding the fluid
retained in the mantle cavity and in the water
tubes and chambers of the gills. This fluid con-
sists primarily of sea water with some blood cells
and excretion from the kidney. Oysters removed
from the shell with no injury to the mantle and
pericardium nevertheless continue to lose blood
from the severed ends of the muscle and from
blood sinuses in the body proper. The loss of
body fluid is very rapid during the first half hour
after removal from the shell. For as long as 2
hours after shucking the oyster may lose a quantity
of fluids equivalent to 26 percent of the original
body weight (Fingerman and Fairbanks, 1956a,
1956b). Puncturing the mantle and péricardium
results in up to 50-percent loss of body weight.

To minimize losses of weight caused by pro-
longed bleeding, oyster meats may be placed on a
screen and drained for 5 minutes. More consistent
results are obtained if the water captured between
the organs is discarded. If the valves are forced
apart slightly and jammed open by a small
wooden wedge, shaking the oyster with 10 sharp
jerks is sufficient to dislodge the water from the
gills. This method gives a lower percent of solid
content than those obtained with other procedures,
because bleeding is minimized.

The percent of moisture in the meat is usually
determined by the difference between the total
and dry weight of the sample. Direct determina-
tion of water content can be made by distillation
in xylene in a flask with a reflux condenser. The
sample is boiled continuously for 1 hour at a rate
of approximately 5 ml. of reflux per minute and
for 3 hours at double that rate. Without interrupt-
ing the boiling, two drops of 95 percent ethanol
are added through the top of the condenser. After
the violent ebullations have ceased, boiling is
continued for 5 minutes (Calderwood and Piechow-
ski, 1937), then the volume of water accumulated
in the side arm of the condenser is measured.

The glycogen content of oyster tissues is deter-
mined by digesting them in 30 percent sodium
hydroxide for 1 hour at 80° C. Glycogen is
precipitated by 95 percent ethanol, washed, dis-
solved in hot water, hydrolyzed with hydrochlorie
acid for at least 4 hours at 92° C. and the dextrose
present determined in aliquot sample by use of the
Hagedorn-Jensen procedure. Details modifying
the method to make it suitable for obtaining
glycogen in a high state of purity from oyster
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tissues are given by Calderwood and Armstrong
(1941).

VARIATIONS IN GLYCOGEN CONTENT

Glycogen is the reserve material of the oyster.
It is stored primarily in the connective tissue of
the mantle and labial palps. During the rapid
proliferation of sex cells the reserve supply is used,
and by the end of the reproductive cyecle the
amount of glycogen is at a minimum and the
mantle is reduced from a thick heavy layer to a
thin transparent membrane. Soon after spawning
the oysters begin to form and store glycogen and,
in the parlance of oyster growers, become fat.
The expression fatness as it is used in trade is a
misnomer because it does not refer to an increase
in lipids. In New England waters the accumu-
lation of glycogen reaches its maximum during
late autumn but sometimes continues even in
winter. As a rule the glycogen remains at a high
level until the beginning of rapid proliferation of
sex cells in May. Seasonal fluctuations in glycogen
content are common to all the species of oysters
that have been studied. The pattern of changes
varies in different localities and in different species
depending on local conditions—temperature and
abnormal salinity of water, abundance and type
of food available, and intensity of feeding.

Seasonal changes in the glycogen content of
New England oysters show a definite cycle related
to gonad development and spawning. The rapid
increase in the number of sex cells in the gonad
exhausts the reserve materials and brings the
glycogen content to its minimum, which usually
occurs immediately after spawning. After a short
period of relative inactivity during which the
unspawned sex cells are reabsorbed the oysters
begin to accumulate and store glycogen in their
tissues. The process may be rapid, as for instance
in September to December 1933 (fig. 357) or
gradual as in the same period in 1934. The
glycogen count of oysters of the same population
varies from year to year. It can be seen in fig.
357 that in 1934 the content of glycogen after
spawning was significantly higher than in the
preceding year. Microscopic examination of these
and Cape Cod oysters showed that sometimes the
glycogen reserve is not depleted during the growth
of the gonad and remains at a relatively high
level throughout the spawning season. Another
interesting fact noticeable in the annual glycogen
curve is the continuing increase in glycogen during
the cold months of winter when feeding ceases.
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Fiaure 357.—Glycogen and water content of adult
oysters (5-years-old in 1933) from commercial oyster
bed off Charles Island, Long Island Sound.

The amount of glycogen stored in the tissues at a
given moment is the balance resulting from the
glycogen formed (glycogenesis) and that broken
down (glycolysis). Biochemistry of both processes
known in great detail in mammals, has not been
adequately investigated in bivalves. It appears,
however, reasonable to postulate that the tissue
glycogen continues to be synthesized by the
oyster from the carbohydrates accumulated with
food during the period of active feeding or from
indigenous sources of intermediary metabolism.

Increase in glycogen content is usually associ-
ated with an increase in solids and a corresponding
decrease in water. There are, however, unusual

" instances as in the oysters found in November and

December 1933 (fig. 357) which had a high glyco-
gen content in spite of an increase of water to 88
percent and corresponding loss of solids.

The annual glycogen cycle in oysters of the
York and Piankatank Rivers, Va. (Galtsoff, Chip-
man, Engle, and Calderwood, 1947) follows the
general pattern similar to that of Long Island
with the only difference that the lowest concen-
trations were observed in July to September and
the highest in November to February. In Loui-
siana the period of low glycogen was found by
Hopkins, Mackin, and Menzel (1954) to extend
from April to the end of November. All the dif-
ferences mentioned above are associated with the
longer reproductive periods in warmer climates.

The cyclic change in glycogen content has been
described for 0. edulis and C. angulaia by Bierry,
Gouzon, and Magnan (1937); Bargeton (1945);
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IRON CONTENT IN DRY MEAT (mg./kg)
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Fioure 358.—Seasonal changes in iron content in adult
oysters from Long Island Sound in mg./kg. of dry
weight adjusted to weight of total solids less glycogen
(broken line), July 1933 to March 1935.

Gaarder and Alvsaker (1941), and many others.
In general the changes are similar to those ob-
served in C. virginica, the lowest content occurring
during the summer.

The cycle of fat has not been studied for C.
virginica. According to Watt and Merrill (1950)
the average content of fat of raw oyster meat sold
in U.S. markets is equal to 2.1 percent. Gaarder
and Alvsaker (1941) found that the fat content
of 0. edulis in Norwegian ponds varied from 2.52
to 1.56 percent with the annual average of 2.17
percent. The observed fluctuations were not
seasonal.

IRON, COPPER, ZINC, AND MANGANESE

The four metals present in the meat of Long
Island Sound oysters were found primarily in the
gills and mantle; lesser quantities were in the
muscle and gonads. Only the ovaries had man-
ganese in quantities greatly exceeding the content
of this metal in other organs. These findings are
based on the series of chemical analyses of different
organs and on histochemical reactions used for the
localization of various metals. The curves in
figures 358 to 361 showing the seasonal changes in
the contents of metals expressed in mg./kg. of dry
weight have a common pattern despite large dif-
ferences in the levels of concentration. The
amounts of metals increase during summer and
decline in the following fall and winter. The in-
crease in metals during the warm feeding season
cannot be associated with the possible presence of
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Freure 359.—Seasonal changes in copper content in adult
oysters from Long Island Sound in mg./kg. of dry
weight adjusted to weight of total solids less glycogen
(broken line), July 1933 to March 1935.

food particles in the intestinal tract, since the
total weight of food and fecal masses inside the
intestines constitutes only a minute fraction of the
body weight, and because the mantle and gills are
the principal storage places for iron, copper, and
zinc. Likewise the increase in metal content is not
caused by the loss of glycogen since the general
trend of the curves is not affected by adjusting the
values of concentrations to the weight of solids
less glycogen (dotted lines in figures 358 to 361).

With minor exceptions the two types of curves
(adjusted and nonadjusted) run parallel. It ap-
pears, therefore, a firmly established fact that the
content of the four metals increases during the
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Fi1GurE 360.—Seasonal changes in zinc content in adult
oysters from Long Island Sound in mg./kg. of dry
weight adjusted to weight of total solids less glycogen
(broken line), July 1933 to March 1935.
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Fi1curE 361.—Seasonal changes in manganese content in
adult oysters from Long Island Sound in mg./kg. of dry
weight adjusted to weight of total solids less glycogen
(broken line), July 1933 to March 1935.

summer and decreases in winter. Heavy metals
are accumulated in the oyster tissues by direct
absorption from sea water, ingestion in the in-
testinal tract with food, and dispersal by blood
cells throughout the visceral mass.

Individual variations in iron, copper, and zinc
contents are large, and oysters living side by side
frequently were found to vary in the contents of
these metals. This is particularly easy to observe
in green oysters, for the color varies in intensity in
direct relation to the copper content. In the case
of pronounced green discoloration the presence of
metallic copper may be demonstrated by inserting
in the tissues a well-polished steel knife; the surface
becomes copper plated in a short time. This sim-
ple method can be used profitably for a qualitative
demonstration of the presence of copper. The
green pigment of the oyster can be isolated by
grinding the meats with pure sand previously
treated with strong hydrochloric acid and carefully
washed. The proteins in the extract are precipi-
tated with ammonium sulfate (NH,),SO,, but the
pigment remains in solution. It was shown by
S. Lepkofsky (quoted in Galtsoff and Whipple,
1931) that the green compound is not even re-
motely related to hemocyanin and that it exists in
the oyster as a readily diffusable material. The
green extract is readily soluble in methyl alcohol,
less so in ethyl aleohol, and quite insoluble in butyl
or amyl alcohol. Tt is insoluble in chloroform,
ether, acetone, or benzene, but is soluble in
pyridine.

When the extract is left standing for 4 months
or longer in sealed glass tubes it turns to a reddish-
chocolate color, but the green color returns if it is
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shaken with methyl alcohol, ethyl aleohol, or pyri-
dine. Bubbling air or oxygen fails to bring back
the green color.

The content of copper in the tissues can be arti-
ficially increased by placing the mollusks in sea
water containing an excess of this metal. Green
discoloration develops in the oysters kept in sea
water which is in contact with copper pipes or
valves. Within about 6 summer weeks the copper
content in oysters kept under such conditions in-
creased up to 20 times and the meats became deep
green. Analyses of samples of Woods Hole water
taken in the harbor and from the laboratory supply
pipe showed that the copper content in the labora-
tory water sometimes exceeded 20 to 40 times its
concentration in the harbor near the intake pipe.

The iron content of oyster meat may be arti-
ficially augmented by adding ferric salts to the
water in which the oysters are kept. The iron in
sea water was enriched by suspending several
pounds of iron nails in the large outdoor tank with
the oysters or by adding ferrous iron sulphate
(copperas). Although large quantities of iron
oxide particles were formed and remained in
suspension, the concentration of iron dissolved in
sea water did not change significantly in 28 days
but the content of iron in suspension increased
about five times. Particles of iron oxide were
noticeable in the feces, which contained as high
as 13,000 mg. of iron per kg. (dry basis). Oysters
being prepared for chemical analysis were placed
for several days in running sea water containing
no iron particles in suspension so that all loose
sediment in the mantle cavity and the gills would
be discarded. The removed meats were thor-
oughly inspected and rinsed in sea water. Micro-
scopic examination of sections of the gills and other
organs was made at intervals varying from 20
minutes to several days following the initial
feeding with iron oxide suspension. The oysters
treated with potassium ferrocyanide and hydro-
chloric acid (Prussian blue reaction) show that
leucocytes on the surface of the gills actively ingest
iron particles, migrate throughout the body, and
aggregate near the wall of the intestines and in
blood vessels (fig. 362). No iron was detected in
the digestive diverticula, sex cells, or in the ad-
ductor muscle. Some iron is eliminated through
the epithelial cells of the mantle (fig. 363).

Histological localization of copper is not
entirely reliable. According to Mallory (Lillie,
1948; Glick, 1949) copper compounds produce a
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Firaure 362.—Blood cells of C. virginica containing iron in the connective tissue under the digestive tract. Drawing of
a section of oyster fed iron particles and treated with potassium ferrocyanide and hydrochloric acid.

0 Microns 100

Ficure 363.—Iron particles in the mantle epithelium of C. virginica fed iron oxide. Treated with ferrocyanide and
hydrochloric acid.
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light to dark blue color with an unoxidized fresh
aqueous solution of hematoxylin made by dis-
solving from 5 to 10 mg. of pure hematoxylin in
0.5 to 1 ml. of 100 percent ethyl alecohol and 10
ml. of distilled water boiled 5 minutes to drive off
carbon dioxide. Sections of celloidin-embedded
tissues were stained for 1 hour or longer. Copper
compounds appeared as a light to clear blue color.
The reaction is to a certain extent obscured by
a mass of yellow to brown colors produced by the
iron in the tissues. The surface of the mantle and
gills of green oysters usually contains large masses
of blood cells loaded with dark granules which
react strongly with Mallory reagent. It is obvious
that a large proportion of the copper in the oyster
is found in the blood cells.

For histological localization of zine, the nitro-
prusside reaction proposed by Mendel and Bradley
(1905) can be used. The reaction is considered by
Lison as specific (Lillie, 1948). The method
involves treatment of the paraffin section of
tissues for 15 minutes at 50° C. in 10 percent
sodium nitroprusside solution. The section is
washed for 15 minutes in gently running water.
Then a drop of sodium or potassium sulfide solu-
tion is introduced under one side of the cover
glass. The reagent elicits an intense purple
color in the zinc precipitated by the nitroprusside.
In many preparations of green oysters treated
by this method a diffuse purple coloration of
varying degrees of intensity was produced in
different organs, the mantle and gills staining
conspicuously deeper than the rest of the body.
The concentration of zinc within the blood cells
could not be demonstrated by this method. It
appears probable that zinc is present in a soluble
state and is more universally distributed through
the tissues than iron, copper, and manganese.
Observations on the uptake and accumulation of
radioactive zinc Zn® confirm this view. Chipman,
Rice, and Price (1958) demonstrated that zinc
in surrounding water is rapidly taken up in great
amounts by the bodies of oysters, clams, and
scallops. The gills of oysters were found to
accumulate almost twice the concentration of
radioactive zine, as' did the organs and tissues.
The digestive diverticula and body mass contained
a considerable amount of Zn®, The zinc content
of sea water along the Atlantic and Gulf of Mexico
inshore waters averages 10.6 ug./1.

Several histochemical reactions for the localiza-
tion of manganese in the oyster tissue have been
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tried without success. So far as I know there is
no satisfactory method for demonstrating this
element in the cells and tissues.

The distribution of manganese in the oyster
body is related to the female reproductive cycle,
because the concentration of this element in fully
developed ovaries (see fourth column of table 42),

'is 15 times that of the spermary (Galtsoff, 1943)

and its total concentration materially decreases
after the discharge of eggs. No such relationship
is apparent for the other three metals.

The role of heavy metals in the physiology of
the oyster is not clear. It is reasonable to as-
sume that manganese performs some function
during the rapid propagation of ovocytes, possibly
as a catalyst.

Iron, copper, and zinc may be stored in the
tissues and in some blood cells as excess materials
which are slowly eliminated. Observations on
excretion of iron by the mantle epithelium (fig.
363) and accumulation of iron, copper, and zine
in the mantle and gills support this view. The
distribution of the four metals in different organs
of Woods Hole oysters was studied analytically.
The organs were excised by fine scissors, weighed,
and analyzed separately. The results of the
analyses are shown in table 42 as means of
10 samples taken from natural environment.
The lower part of the table summarizes the results
obtained after keeping the oysters in a tank with
an excess of copperas. It appears significant
that both mantle and gills have absorbed relatively
large quantities of the metals.

TaBLE 42.—Distribution of metals in the body of adult C.
virginica in Cape Cod waters (mg.lkg., dry weight)
[Mean of 10 samples. Early August and October, 1936]

Body portion* | Iron |Copper| Zinc | Man- Remarks
ganese
Gills._....._____ 382 178 | 4,480 39 | Summer samples from
Mouscle__--.__.__ 136 65 | 1,420 4 natural environ-
Ovary..._.. - 151 631 1,710 60 ment.
Spermary_ 136 65 | 1,420 4
Residue._. 252 153 | 4,630 9
184 1,840 | 22,000 14 | Autumn samples from
194 1,920 | 19,400 26 tanks with excess of
75 172 1, 590 4 copperas after 26
401 | 1,490 | 14,400 9 days of exposure.

*In summer the mantle could not be separated without contaminating
the sample with underlying gonads; in the autumn, after spawning, the
gonads contain only few undifferentiated cells of germinal epithelium.

VARIATIONS IN THE CONTENT OF PRO-
TEINS, AMINO ACIDS, AND VITAMINS

The protein content in oyster meat of C. wvir-
ginica, determined by the Kjeldahl method as
N X 6.25, fluctuates between 5.1 and 9.8 percent
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of a fresh wet sample and between 42 and 57
percent of a dry sample. The figures quoted
above from the paper by Wentworth and Lewis
(1958) refer to the oysters of Apalachicola Bay,
Fla., the extent of fluctuations is probably common
to all oysters of the Atlantic and Gulf states since
occasional observations on oysters from various
states fall within this range (Jones, 1926). Ac-
cording to monthly observations by Gaarder and
Alvsaker (1941), the protein content in the meat
of 0. edulis from Norwegian ponds ranks somewhat
higher, varying from 8.8 to 11.2 percent (fresh,
wet bagis) with an annual average of 10.5 percent.
Interesting biological observations were made
by Duchéteau, Sarlet, Camien, and Florkin (1952)
on free amino acids in the muscles of marine bi-
valves, 0. edulis and Mytilus edulis, and the fresh-
water mussel, Anodonta cygnea. The muscles of
these mollusks were isolated after bleeding, boiled
for 5 minutes to inactivate proteolytic enzymes,
homogenized, and treated with tungstic acid.
Protein-free samples were hydrolyzed and ana-
lyzed. The results (table 43) show that the
amino acid contents differ greatly between the
marine and fresh-water species. Generally higher
concentrations of amino acids in the muscles of
marine forms is related to the osmotic eqailibrium
with the blood, which in these animals has nearly the
same concentration as that of sea water. Because
the concentration of inorganic ions in the tissues
is lower than in the blood, a relatively high con-
centration of free amino acids in the tissues is
necessary for maintaining osmotic equilibrium.
The concentration of protein in blood plasma
in 0. edulis, Pecten maximus, Mya arenaria, and
Muytilus edulis is about 0.1 percent (Florkin and
Blum, 1934). Samples of blood were collected

TABLE 43.—Free amino acids (mg./100 g. of water) in the
muscles of marine and fresh-water bivalves*

Ostrea Mytilus | Anodonta
edulis edulis cygnea

646.0 340 8.8
66. 6 415.5 36.5
26.1 200.4 4.4
264.0 317.0 29.4
248.0 399.0 13.2
22.9 12.1 2.5
Isoleucine. 19.2 24.8 6.3
Leucine_. . 12.9 15.4 3.6
Lysine.__.._. 22.0 39.4 8.2
ethionine_. 8.4 9.8 0.4
Phenylalanine.. 8.5 9.6 1.6
Proline__ ... 166. 0 20.0 1.0
Threonine......_ ... 9.7 30.5 3.6
Tyrosine. ... oo 10.3 12.7 2.2
Valine.. . 10.8 14.4 3.3

*From: Duchateau, Sarlet, Camien, and Florkin, 1952. The French
investigators express the concentration in a rather unique manner as mg./
100 g. of ““d’eau de fibre.”
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after tearing off the gills, and the cells were
removed by centrifugation.

Nutritional studies have been made by feeding
raw and frozen oysters to albino rats suffering
from artificially induced vitamin deficiency (Ran-
doin and Portier, 1923; Jones, Murphy, and
Nelson, 1928; Whipple, 1935). Experimental
results showed that oysters are a good source
of vitamins A, B, and D. Daily feeding of 2 g.
of fresh Chesapeake Bay oysters (0.32 g. on a dry
basis) furnished sufficient vitamin A to cure rats
of xerophthalmia (chronic inflammation and
thickening of the conjunctiva of the eye) in 18 to
20 days. According to Whipple’s data the
vitamin content of oysters taken in October from
Great South Bay, Long Island, N.Y., was ap-
proximately three U.S.P. units/g. The vitamin
D content of oysters harvested from the same
bay in the fall was approximately 0.05 U.S.P.
units/g. and the vitamin B (B') content was
found by Whipple to be approximately 1.5
Sherman units/g. Oysters are a very modest
source of vitamin D and their antiricketic value
is low.

In more recent work Wentworth and Lewis
(1958) determined by chemical analyses the
contents of niacin, riboflavin, and thiamine
(table 44). None of these vitamins was found to
have a distinct pattern of seasonal fluctuation.

TABLE 44.—Range of vilamin contents in Apalachicola,
Fla., oysters in mg.[100 g. wet weight

[From February 1955 to August 1956 From Wentworth and Lewis, 1958]

February August
Niaein .. i 1.41 2.52
Riboflavin. o . emaan 0. 08 0.28
Thiamine______ .. 0.08 0.13

Thiamine content of raw shucked oysters
studied by Goldbeck (1947) varied by region.
Oysters collected in the waters of Connecticut
and New York contained more thiamine per unit
of fresh weight than those from Louisiana, Georgia,
Virginia, and Maryland (table 45). The determi-
nation of thiamine was made by chemical method
(using thiochrome) and by rat growth method,
which gave values about 9 percent smaller than
the chemical tests.

The sterol mixtures of bivalves are of particular
interest, because in certain species they are the rich-
est natural sources of provitamin D. In Modiolus
demissus of the Atlantic coast of America the
content of provitamin D was found to be suffi-
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ciently rich to warrant commercial exploitation
for the manufacture of vitamin D preparations
(Bergmann, 1962).

The cholesterol in bivalves constitutes but a
small portion of the sterol mixtures in comparison
with those obtainable from gastropods. In C.
virginica and C. gigas Bergmann (1934) found a
new sterol which he named ostreasterol. Similar
compounds found in the sponge Chalina and in
Japanese oyster (C. gigas) which were named
chalinasterol and conchasterol. Reinvestigation
of bivalve sterols proved the identity of ostreas-
terol, chalinasterol, and conchasterol with 24-
methylenecholasterol (Bergmann, 1962).

The conditions and type of food which favor the
enrichment of the bivalve body with sterols and
vitamins are not known.

TaBLE 45.—Thiamine conlents per 100 g. of raw oysters
from different states
[From Goldbeck, 1047]

State Thiamine State Thiamine
in pg. in pg.
Connecticut.cemae_ - 170 |} Virginda.______._._._._ 100-110
New YorKeeacoaueaaaad] 170-180 || Georgia. . ________ 08-106
Maryland..eceaoeenne.. 100-103 || Louistana...___..._._._ 110~-130

CONDITION INDEX

Oysters of good quality have relatively large
amounts of meat in relation to their total volume.
Their glycogen content is high, and the meat
has a creamy color and pleasant flavor. De-
termination of glycogen and of the total solids
is a time-consuming procedure which cannot be
regularly used in the oyster trade. To Caswell
Grave (1912) belongs the credit of expressing the
quality or fatness of oysters as the percentage
of the volume of space enclosed between the two
valves occupied by the oyster body. Hopkins
(quoted from Higgins, 1938, p. 49-50) developed
this idea further and suggested that the ratio

dry weight of meat in g. X 100
volume of cavity in ml.

is a useful index of quality. Since then the ratio
between the dry or wet weight of meat to the
volume of the cavity has been used by many
investigators in determining the condition index
of oysters. The volume of the cavity can be
measured by displacement. The oyster shells
are thoroughly scrubbed with a wire brush, and
each oyster is placed in a glass container provided
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Fiaure 364.—Glass container used for determining the
volumes of whole oysters and oyster shells by
displacement.

"with a side arm set at an angle to the side wall of

the container (fiz. 364). First the zero level of
water is marked; then the oyster is introduced,
and the level is brought back to zero position by
draining the water through a drain pipe at the
bottomn. The water is collected, and its volume
measured. The oysters are then taken from the
container, opened carefully, and the meats re-
moved. The volume of shells without meat is
measured, and the volume of shell cavity is found
by the difference between the volume of the whole
oyster and the volume of its shell.

The methods used in determining condition
index have not been standardized and, therefore,
the values given by different investigators vary.
Baird (1958) applied statistical analysis in evaluat-
ing the significance of variation of the index.
He also demonstrated that little accuracy is
gained by using dry weights as an index measure-
ment and that even with fairly large samples the
fluctuations may be considerable. He concludes
that 50 oysters per sample is the largest practicable
number.
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The condition index has a practical use for
oyster growers. It gives an objective method
of comparing the quality of oysters taken from
different commercially exploited oyster beds,
but this comparison is valid only if oysters of the
same species and of approximately the same age
are used. Oysters from overcrowded natural
reefs and young oysters are usually flat, with very
little inner space between the valves; consequently
their condition factor will be relatively high
because the bodies occupy almost the entire shell
cavity.

Westley (1961) found that the condition index
of samples of C. gigas in Oakland Bay, Wash., in
1956 varied between 6.2 and 8.1. The condition
index of the oysters in North Bay, Wash., in
August 1957 was 12.3 to 15.0.

Observations were made on 0. lurida in Oyster
Bay on July 11 and repeated on August 8, 1957.
On the first date the range of condition index
varied from 6.6 to 7.2, while a month later it had
increased to 16.0 to 17.3. The improvement was
probably associated with an accumulation of
glycogen after discharge of the larvae. In this
case the volume of the oysters was measured by
weighing them first in air and then in water, and
computing the volume from the difference between
the weights. The removed meats were oven-
dried to constant weight (at 100° C.).

Although the condition index may be useful to
oyster growers as a measure of quality of oyster
meats, it provides no advantages for physiological
studies, and cannot be used for the study of
growth.

ANTIBACTERIAL AGENTS

Antibacterial and antiviral agents were found
in the meat of the oyster (C. virginica), in abalone
(Haliotis rufescens), and in a number of other
mollusks. These substances have been isolated
in the laboratory of the U.S. Public Health Service
and their activity tested in vitro on a number of
pathogenic bacteria (Li, Prescott, Jahnes, Martino,
1962), and on various strains of influenza and polio
viruses. In vitro tests were made by using cul-
tures of monkey kidney tissue; tests in vivo were
conducted by feeding white mice with the extracts
and recording the death rate after infection.
There are two different extracts which the authors
call Paolin 1 and Paolin 2 (according to Li, Paolin
is a Chinese word which means ‘‘abalone extract”).
Paolin 1 was found to inhibit the growth of
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Staphylococeus aureus, Streptococcus pyogenes, Sal-
monella typhosa, Shizella dysenteriae, and others.
Paolin 2 fed to white mice decreased the death
rate of animals experimentally infected by virus.
The decrease was from 36 percent in the controls,
which received no extracts, to 10 percent in the
animals fed with oyster or abalone extracts before
infection (Li and Prescott, 1963). The discovery
by Li and his coworkers is of great practical sig-
nificance and opens a new chapter of research into
the role of antibacterial and antiviral agents in
the tissues of mollusks.
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