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FIGURE 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 ferro cyanide and hydrochloric acid.
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FIGURE 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 m!. of 100 percent ethyl alcohol and 10
m!. 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 obscmed 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 zinc, 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 Zn65 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 zinc, as did the organs and tissues.
The digestive diverticula and body mass contained
a considerable amount of Zn65, The zinc content
of sea water along the Atlantic and Gulf of Mexico
inshore waters averages 10.6 p.g./l.

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 zinc
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.-Di8tribution of meta18 in the body of adult C.
virginica in Cape Cod water8 (mg.jkg., 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 fromMuscle__________ 136 65 1,420 4 natural envlron-Ovary___________ 151 63 1,710 60 ment.
Spermary_______ 136 65 1,420 4
Resldue_________ 252 153 4,630 9

------Mantle__________ 184 1,840 22,000 14 Autumn samples fromGllls____________ 194 1,920 19,400 25 tanks with excess ofMuscle__________ 75 172 1,590 4 copperas after 26Residue_________ 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 O. mr­
ginica, determined by the Kjeldahl method as
N X 6.25, fluctuates between 5.1 and 9.8 percent
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TABLE 44.-Range of vitamin contents in Apalachicola,
Fla., oysters in mg./l00 g. wet weight

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

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 (Bl) 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.

February August

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 fluctua~ions 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 O. edulis from Norwegian ponds ranks somewhat
higher, varying from 8.8 to 11.2 percent (fresh,
wet basis) with an annual average of 10.5 percent.

Interesting biological observations were made
by Duchateau, Sarlet, Camien, and Florkin (1952)
on free amino acids in the muscles of marine bi­
valves, O. 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 equilibrium
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 O. edulis, Pecten maximus, Mya arenaria, and
Mytilus edulis is about 0.1 percent (Florkin and
Blum, 1934). Samples of blood were collected

Nlacln _
Rlboflavln _
Thiamine _

1.41
0.06
0.08

2.52
0.28
0.13

TABLE 43.-Free amino acids (mg./l00 g. of water) in the
muscles of marine and fresh-water bivalves*

"From: Duch/lteau, Barlet, Camien, and Florkln, 1952. The French
Investigators express the concentration In a rather unique manner as mg./
100 g. of "d'eau de fibre."

Ostrea Mytilus Anodonta
edulis edulis cygnea

Alanine _
Arglnine _
Aspartic acld __
Glutamic acid.. _
Glycine __
Hlstldlne _
Isoleucine. _
Leuc�ne _

kl:l~:;;Diiie~==========================Phenylalanlne __
Prollne _
Threonlne _
Tyroslne _
Vallne _

646.0
66.6
26.1

264.0
248.0
22.9
19.2
12.9
22.0
8.4
8.5

166.0
9.7

10.3
10.8

340
415.5
200.4
317.0
399.0
12.1
24.8
15.4
39.4
9.8
9.6

29.0
30.5
12.7
14.4

8.8
36.5
4.4

29.4
13.2
2.5
6.3
3.6
8.2
0.4
1.6
1.0
3.6
2.2
3.3

Thiamine content of raw shucked oysters
studied by Goldbeck (194'1) 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-

CHEMICAL COMPOSITION 391



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 O.
virginica and O. gigas Bergmann (1934) found a
new sterol which he named ostreasterol. Similar
compounds found in the sponge Ohalina and in
Japanese oyster (0. gigas) which were named
chalinasterol and conchasterol. Reinvestigation
of bivalve sterols proved the identity of ostreas­
terol, chalinasterol, and conchasterol with 24­
methylenecbolasterol (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 contents per 100 g. of raw oysters
from different states

[From Goldbeck, 1947]

State Thiamine State Thiamine
In "g. In "g.

Connecticut............ 170 Vlrglnla..••••_••• ._ 100-110
New York••••_•• __ •••• 17o-1SO Georgla_.______________ ll8-106
Maryland-••••• ._ 100-103 Louisiana ._ 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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FIGURE 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 (fig. 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 It drain pipe at the
bottom. 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 O. 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 O. 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 (0. virginica), in abalone
(Haliotis rujescens) , 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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Staphylococcus 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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