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INTRODUCTION

A serious constraint in producing fresh, marketable cysters in the
Pacific Northwest, and perhaps throughout the world, is that of econom-
ically removing the meat from the shells (shucking). The productivity
of the oyster industry throughout the United States, including the Pacific
Northwest, has steadily dropped since the 1940's. Many factors have con-
tributed to this decline, such as seed shortages, labor shortages,
mortalities and pollution; however, the labor shortage probably represents
the first crucial problem to be overcome before an expansion of the
industry can take place.

The primary market for Pacific oysters in the Pacific Northwest
utilizes a fresh raw product and shucking of fresh oysters is currently
accomplished entirely by hand. Shucking comprises about 20-25 percent
of the production cost of fresh oysters. A skilled oyster shucker can
open a maximum of about 25 gallons of Pacific oysters per day; the
average production is probably closer to 15 gallons per day, depending
on size, Hand shucking requires considerabie manual dexterity and a
critical shortage of skilled openers currently exists in the Northwest,
The production of fresh Pacific oysters in Washington was about 9.1
million pounds in 1960, 8.2 millions pounds in 1963 and 6.7 million
pounds in 1966 (Washington State Department of Fisheries statistics).
0f this total production approximately 85 percent are hand opened, with
the balance being steamed open and subsequently canned. The potential
for a greatly expanded fresh oyster market exists, based on past con-
sumption, but it is unlikely that sufficiently skilled personnel could
be obtained to meet the demand if the harvest were significantly increased.

Alternative solutions to counteract the labor shortaée include: (1)
development of an automated shucking process or machine, or (2) identifica-
tion or development of techniques to simplify hand opening,

Several attempts to develop machines for automated shucking of East
Coast and Guif varieties of oysters have been undertaken in the past and
efforts in this direction are still underway. Recause of the difference
in physical characteristics between Eastern and Pacific species, such
as (a) larger size and irregular shape, (b} high incidence of clusters in
the Pacific variety, and (c) the deeply scalloped bill of the Pacific



oyster, it is unlikely that any machine or technique successfully developed
for shucking the Gulf-Eastern varieties can be adapted to economically
shuck Pacific oysters. In fact, 1t is more Tikely that a machine capable
of shucking Pacific oysters could be adapted to the Gulf-Eastern varieties
and therefore efforts on a national scale would have to include adequate
provision of Pacific oysters to assure that the Pacific Coast industry
would not be further jeopardized.

SUMMARY AND CONCLUSIONS

The objectives of this study were to identify and assess the
feasibility of new or improved methods for automated shucking of Pacific
oysters. A secondary goal was the identification of techniques to
facilitate hand opening to reduce labor requirements.

Exp]oratory‘experiments were performed with both single and
clustered oysters on potential treatments and treatment combﬁnations
including: cryogenic freezing, chemical treatment, ultrasonic energy,
explosive decompression, electrical shock, local heating, mechanicail
shock and vibration, carbon dioxide, microwave heating, vacuum, vacuum
with microwave pretreatment, and anesthetic agents.

In all, twelve techniques or combinations of techniques were
investigated. The results are summarized on the following table.



SUMMARY - OYSTER TREATMENT METHODS INVESTIGATED

Method

Cryogenic freezing followed
by peripheral thawing

Chemical treatment

Ultrasonic energy

Explosive decompression
Electrical shock

Local heating

Mechanical shock and vibration

Carbon dioxide
Microwave heating

Vacuum

Vacuum with ultrasonic pre-
treatment

Anesthetic agent

Parameters

~320°F
150°F

Papain{enzyme)
EDTA (complexing
agent)

Agqueous MgCT2

50-100 watts

20-1500 psig
Gas and liquid

0-5000 volts
0-0.02 amp

Propane torch
Oxyacetylene
torch

Sharp blow
10-30 cps

Saturated
aqueous solu-
tion

Low energy

0-29 in. Hg
vacuum

29 in. Hg vacuum
400 watts

Ether
Chloroform

Chlorodane
M§-222
Quinaldine

Results

Bond of both hinge

and adductor muscle
broken. Qysters
easily separated
after thawing.

No effect
Produced shell gaping

No effect
No effect

No effect

No effect

No effect
No effect

No effect

Inconclusive -
some specimens
were cooked.

No effect
Inconclusive .25%
of specimen shells
gaped 1/4 inch

Inconclusive



The only method investigated that was found capable of adaptation
to fully automated oyster shucking was cryogenic freezing followed
by peripheral thawing. Such a process is economically feasible in
that the material cost for operation is approximately 98¢ per gallon of
shucked oyster meat. Figure 1 shows a flow diagram for a cryogenic
oyster shucking process. :

Some quality degradation of the processed product was observed
during the freezing experiments. After thawing, the outer surfaces
of processed oysters appeared to have a series of essentially parallel
longitudinal splits or cracks. Bleeding was generally moderately severe.
Lower rates of freezing (as in a deep freeze or by suspension above a
liquid nitrogen pool)} eliminated this effect. However, shell-meat
separation did not occur under these conditions.

The occurrence of textural oyster damage during rapid freezing is
contrary to the behavior of meat and food products. Structural damage
is generally avoided by rapid rates of freezing such that intracellular
and extracellular ice crystal growth is prevented or minimized. It is
possible that by appropriate oyster pretreatment, selection of optimal
cooling rates, or selective cooling through one surface that the degrada-
tion effect will be avoided. These possibilities were not investigated.

The most effective method of producing oyster shell gaping was
found to be by treatment involving exposure to an aqueous magnesium
chloride solution. Further development of this process is warranted
to optimize ion concentrations, temperature, residence time, composition
and concentration of additives for use in pretreating Pacific oysters
for hand shucking.
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RECOMMENDATIONS

Exploitation of the cryogenic freezing process for oyster shucking
can be by either of two paths:

o Use of the process as presently envisioned for the preparation of
convenience foods which would not be adversely affected by
textural degradation (stews, breaded oysters, canned cooked
oysters, etc.).

e Elimination of the texture damage while retaining the shucking
effect followed by development of a system such as is shown on
Figure 1. This would require further experimentation and
complete absence of freezing damage may not be possible.

It is recommended that the first course of action be pursued and a
lesser effort continued on the latter. It is recognized that development
in this direction will mean a more limited immediate applicability and
may require that processing interests, beyond those of the Pacific oyster
industry, be involved.

It is strongly recommended that the technique of inducing oyster
shell gaping by exposure to agueous solutions of metallic ions be developed.
This process, although not directed toward a fully automated system,
offers significant economic advantage to the industry by reducing the
cost and required personnel skill for hand shucking. The following tasks
should be performed:

¢ Review FDA regulatory status of possible treatment agents, in
terms of allowable concentrations or other limitations of use.

e Determine optimal solution concentrations exposure times and
exposure temperature of those materials acceptabie to FDA for
compatibility with oyster processing operations, variations
in oyster metabolism during the harvest season, and maximum
economic advantage.

e Determine quality characteristics of processed oysters in
comparison to oysters shucked by conventional methods--flavor,
texture, storing qualities, and bacterial contamination.



Specify the equipment, methods, materials, layouts, etc.,

for putting the treatment method into operation.

Assist the industry in installing and initial operation of the
processing system at a typical oyster processing site.



DISCUSSION

_ An initial state-of-art survey of oyster shucking revealed the

development of numerous small machines that crush, grind or break the
bill of the oyster to facilitate hand shucking. Most of these are
patented (Appendix A). Other processes employing thermal properties
for shock have also been develaped to aid hand shucking. The "hot dip"
or "shock" method(1) of opening oysters was presented by the South Carolina
State Board of Health to a shellfish workshop, Washington, D.C. in 1961.
This method is used in South Carolina where the oysters are small (500
to 600 per gallon) and generally clustered. It is reported that, under
well controlled conditions, this method produces a product with good
keeping qualities and low bacterial count.

As a first step toward a better understanding of the forces
associated with prying or forcing the shell halves apart, the tensile
strength of the adductor muscles of a series of Pacific oysters was
measured. It was found, as expected, that the muscle strength was
greater for the larger oyster. Figure 2 shows the adductor muscle
tension as a function of displacement for a large and a small oyster.
It was noted that a lower rate of dispiacement of the two shell halves
yielded lower values of the measured muscle strength than similar
sized oysters opened at higher rates. Figure 3 shows a typical plot
of muscle tension as a function of shell separation for Tow opening
rate.

After the preliminary base work was completed, an Edisonian series
of experiments were performed to investigate a variety of approaches
to either sever the adductor muscle and hinge or to cause shell gaping.
These are described in the following paragraphs.
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I. Freezing Treatment

A series of experiments employed a cryogenic freezing technique.
For these experiments, the oysters were immersed in liquid nitrogen to
freeze them and then thawed to remove the oyster from its shell. Ninety-
seven percent of the oysters treated in this manner were found to have
the bond between the adductor muscle and the shell destroyed. The
oysters were allowed to come to thermal equilibrium in the liquid
nitrogen (-160°C at atmospheric pressure). Thawing was accompiished
in both air and by immersion in warm water. In most cases thawing was
limited to the peripheral regions sufficient to allow the oyster meat
to fall from its shell. Table I presents the results of these
experiments.

TABLE I

EFFECTS OF CRYOGENIC FREEZING
(Liquid Nitrogen)

Oyster Immersion
Gross Weight Time Thawing
grams seconds Method Remarks
87.0 82 Ambient Air Hinge broken, oyster
detached from shell

142.5 127 " " "

204.5 103 " " "

277.0 136 55°C H20 " "

112.0 96 " Hinge broken ~20% of
interface area still
attached on one end of
muscle

165.5 131 " Hinge broken, oyster
detached from shell

183.0 139 " " "

223.0 ]35 u n H

248.5 129 . " "

]58.5 ]28 1] n ]

The results of these experiments were very encouraging and a second
series was conducted to investigate the energy propogation through the
oyster when exposed to this treatment. Thermocouples were implanted
in the test specimens, one in the adductor muscle at the interface
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between the muscle and shell, and another in the center of oyster body.
The temperature data for these tests was recorded as a function of time.
Figure 4 shows a typical plot of temperature versus time during the
cryogenic freezing of an oyster. During these tests, additional data

was secured on the weight of both the oyster shell and the shucked meat
and the liquid nitrogen consumed during the freezing operation. This

data was used to make an approximate economic evaluation of this

shucking technique. Data from these experiments is presented on Table II.

TABLE II
EFFECTS OF CRYOGENIC FREEZING

Oyster Shucked Consumed Data
Gross Weight Meat Weight LN2 Weight Record

grams grams grams number Remarks

163.5 29.0 260 1 Hinge broken,
oyster detached
from shell

144 .5 28.5 227 2 "

74.0 15.5 120 3 "

203.5 58.0 327 4 "

184.0 37.0 293 5 "

221.0 51.5 354 6 "

157.5 29.5 250 7 "

Again, as in the first series of cryogenic experiments, the oysters
were allowed to come to equilibrium temperature with the liguid nitrogen.
Reduction of these data shows a fairly uniform ratio by weight, of the
liquid nitrogen consumed and the gross weight of the oysters. Figure 5
shows the amount of liquid nitrogen consumed per unit weight of shucked
oyster meat as a function of the weight of shucked oyster meat. Figure 6
shows the amount of 1iquid nitrogen per unit of gross oyster weight as
a function of gross oyster weight.

Based on a conservative average of 7.5 grams of liquid nitrogen
consumed to process one gram of shucked oyster meat and a cost of liquid
nitrogen of $0.04 per liter, the material cost to shuck one pound of
oyster meat would be 17.6¢ or approximately $1.56 per gallon. This
agrees rather well with a calculated value of 17.3¢ per pound of oyster
meat assuming: a ratio of shell weight to oyster meat weight of five to one,
an oyster specific heat of 0.85 BTU/1b-°F above 32 degrees fahrenheit,
an oyster specific heat of 0.45 BTU/1b-°F below 32 degrees fahrenheit,

11
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a 'shel} specific heatiaf 0:20 Btu/1b-°F and.a.latent heat of-fuston for
the. pyster meat of 120 Btu/1b. The material cost of this précesgidould be
reduced by precooling with conventional refrigeration equipment.
Examination of cryogenic shucked oysters after thawing revealed
some textural degradation--in the form of splits in the oyster body surface
tissue. Considerable bleeding occurred. The degree of textural degra-
dation was variable with all specimens showing some damage. The mechanism
for this was considered to be dependent on the freezing rate and another
series of experiments were performed in an attempt to remedy this problem.
Table III presents the results of these tests.

TABLE III
EFFECTS OF CRYOGENIC FREEZING
Oyster
Gross Weight
grams Treatment Sequence Before Thawing Results
122.0 Vacuum for 30 minutes to remove Small stress
free water then cryogenic fractures on
freezing, oyster weight after surface
vacuum 11.0 grams
232.0 Vacuum for 60 minutes to remove Small stress
free water then cryogenic fractures on
freezing oyster weight after surface
vacuum 197.0 grams
382.0 Vacuum for 90 minutes to remove Small stress
free water then cryogenic fractures on
freezing, oyster weight after surface
vacuum 337.5 grams
499 .0 Vacuum for 120 minutes to remove Small stress
free water then cryogenic fractures on
freezing, oyster weight after surface
vacuum 472.5 grams
Frozen for 18 hours at 0°C then Lesser amount of
cryogenic freezing stress fractures

but adductor
muscle still

attached
Two hour immersion in corn syrup Small stress
solution to lower freezing fractures on
point and inhibit crystalliza- oyster surface

tion then cryogenic freezing

14



TABLE III (Continued)
EFFECTS OF CRYOGENIC FREEZING

Treatment Sequence Before Thawing Resuits
Cryogenically frozen in nitrogen vapor Yery few stress fractures,
to reduce freezing rate most adductor muscles
still attached
Immersed in cryogen for 20 seconds then Yery few stress fractures,
held at 0°C for 18 hours but adductor muscle

still attached

It was first believed that a reduced cooling rate would alleviate
the problem of stress fracturing. A reduced rate of cooling did indeed
eliminate the stress fracturing. However, although the oyster hinge
was broken, the bond between the adductor muscle and the shell was
still intact. These efforts showed that the mechanism that successfully
shucks the oyster requires a high cooling rate. When the rate is
sufficiently high to shuck the oyster, it also causes stress fractures in
the frozen oyster meat. It is not known at this time whether some
finite cooling rate would eliminate the effect. Such a cooling rate
would be difficult to achieve considering the variance in oyster
size and thermal properties.

The textural degradation phenomenon is a paradox in comparison to
meat and other food product damage during freezing. Generally, the
slower the freezing rate, the more likely the occurrence of textural
degradation. Most authorities attribute this to the growth of intracell
and intercell ice crystals at low rates of freezing.

A possible explanation for the oyster damage is suggested by the
mechanical effects of cooling a solid, water laden body from the outside.
The outer surface is cooled more rapidly and therefore contracts at
a higher rate than the average for the entire body. Tensile forces,
in excess of the strength of the surface tissue are thereby caused.

15



B. Chemical Treatment

Three chemical approaches were examined for an immersion process to
shuck oysters. One involved the use of an enzyme named papain. A
seawater solution containing 0.2 Mg/Ml papain and buffered to 10”5
cystine (cysh) was used for this experiment. Immersion in the papain
solution for 72 hours produced no noticeable effect. The second chemical
investigated was a 0.4 molar solution of EDTA (disodium dihydrogen
ethylenediaminetetraacetate) in water. The immersion time for the oysters
in this experiment was also 72 hours and here again no noticeable effects

were observed. (3)

The Titerature search revealed a patented chemical process  for
gaping oysters. The patent, issued in 1961, describes a process whereby
oysters are immersed in a solution for a short period of time (one
to three minutes) after which the oysters shells gape and the meat may
be removed by hand shucking. The solutions were made up with potable
water and a source of multivalient metallic jons. Chloride salts of
aluminum, copper, zinc, magnesium, manganese and calcium were used.
During seasons of the year when the oysters are low in glycogen, the
immersion time before opening occurs is said to be extended. Accel-
eration of the process may be achieved by exposing the oysters to poly-
saccharides. One of the polysaccharides that gave excellent results
was a proprietary product known as cartose (a dextrin base commercially
employed as a baby food).

Several experiments were performed to confirm this technique for
the Pacific oyster species. A magnesium chloride solution, adjusted
to a specific gravity of 1.29 and a pH of 7.2, was used. Cartose was
added. Several of the specimens opened in three to four minutes while
others required as long as an hour before gaping. Observations of these
experiments revealed that once the oyster opened for a normal pumping
cycie in this solution, gaping would continue to maximum. An additional
15 to 20 minutes in the solution was sufficient to maintain permanent
gaping after the oysters were removed from the solution. The most
consistent results were achieved when the solution temperature was
adjusted to match the normal bed environment. The results of these
experiments are presented in Table IV.

16



EFFECTS OF IMMERSION IN METALLIC SALT SOLUTION

Qyster Immersion
Gross Weight Time
grams minutes
220.5 10
270.5 20
246.0 20
276.0 35
214.0 25
227.5 65
219.0 125
184.0 100
258.5 95
301.5 45
208.0 25
234.0 40
283.0 30
192.5 20
204.5 20

TABLE IV

(MgC]2

Temperature

17

)

°C
13

13

13

14

11

21

25

25

12

12

12

12

12

13

13

Remarks

4 min,

to open, closed 5 min.

after removal

3 min.

to open, remained open

after removal

5 min.

to open, remained open

after removal

20 min. to

open, remained open

after removal

18 min. to

open, closed 7 min.

after removal

39 min. to
open after

open, remained
removal

112 min. to open, remained

open after

85 min. to
open after

80 min, to
open after

32 min. to
open after

11 min. to
open after

28 min. to
open after

17 min. to
open after

removal

open, remained
removal

open, remained
removal

open, remained
removal

open, remained
removal

open, remained
removal

open, remainred
removal

6 min. to open, remained

open after

removal

8 min. to open, remained

open after

removal



The full text of the patent for chemically gaping oysters provides
an interesting insite on the morphology and physiology of the mollusk
and is appended to this report for the reader's enlightenment (Appendix B).
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C. Ultrasonic Energy Treatment

A series of experiments was performed to investigate the effects
of ultrasonic energy on adductor muscle-shell integrity. Both fresh
and seawater were used as the sound coupling medium. Two different
vibration transducers were used: a 50 watt unit and a 400 watt unit.
No tendency for oysters to open when exposed to this treatment for varying
durations was observed. Extended exposure to the ultrasonic vibration
was found to noticeably raise the temperature of the test specimens. The
results of these experiments are presented in Table V.

TABLE V
EFFECTS. OF ULTRASONIC ENERGY ON PACIFIC OYSTERS
Qyster Transducer Exposure
Gross Weight Energy Duration
grams Fluid (watts) min. Remarks
219.7 Seawater 50 5 No effect
84.1 g 50 0 No effect
176.0 " 50 15 No effect
197.4 " 50 20 No effect (warm to touch)
230.5 . 50 30 " "
291.3 H20 400 5 No effect
244 .3 ! 400 10 No effect
92.8 " 400 15 No effect (warm to touch)
207.6 " 400 20 ! "
301.8 " 400 30 " "

D. Explosive Decompression

Explosive decompression from pressures up to 1500 psig in both
liquid and gaseous environments was investigated. The test specimens
were sustained at test pressure for fifteen minutes before almost
instant decompression. No visible effect was observed on oysters
tested during these experiments. Table VI summarizes the results

of these experiments.
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TABLE VI
EFFECTS OF EXPLOSIVE DECOMPRESSION ON PACIFIC OYSTERS

Qyster Test
Gross Weight Pressure

grams Environment psig Remarks
315.7 H20 200 No effect
284.1 ! 500 No effect
94.2 . 1000 No effect
216.7 " 1500 No effect
271.5 Air 200 No effect
192.2 . 500 No effect
228.9 " 1000 No effect

183.6 " 1500 No effect

E. Electrical Shock Treatment

Several experiments employed electrical shock to hopefully induce
gaping. The experiments incorporated the use of a power supply with
an output up to five kilo-volts. Electrodes were attached to the
oysters on opposite sides at the thickest section. Each specimen was

first washed with deionized water to eliminate the outer surface of
the shell as a conducting path for the current. It is not known
whether the current passes through the body of the oyster or through a
saline film within the oyster shell. The oysters tested were exposed
to increasing one thousand volt increments for a period of one minute
per increment. These tests produced no noticeable change in the test
specimens. The results of these tests are shown in Table VII.

20



TABLE VII
EFFECTS OF ELECTRIC SHOCK ON PACIFIC OYSTERS

Qyster Approximate
Gross Weight Applied Current
grams Voltage milli amp Remarks
94.8 1000 4 No effect

" 2000 8 "

" 3000 12 .

" 4000 16 !

8 5000 20 "

110.7 1000 4 "

" 2000 8 "

" 3000 11 "

" 4000 15 "

" 5000 19 Slight change of color
at point of contact of
one electrode

115.8 1000 4 No effect

" 2000 7 "

" 3000 11 "

" 4000 15 "

" 5000 19 !

F. Local Heat Treatment
A series of experiments were performed in which heat was applied
to the oyster shell at a point where the adductor muscle attachment was

expected to be. Both propane and oxy-acetylene flames were used for
varying durations of heat application. Subsequent examination of each
test specimen revealed varying degrees of cooking or burning. All of
the oysters treated in this manner failed to open. Data from these
tests are shown on Table VIII,
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TABLE VIII
EFFECT OF LOCAL HEAT ON PACIFIC OYSTERS

Application Qyster

Flame Time Gross Weight

Type Seconds grams Remarks

Propane 15 209.5 Failed to open
" 30 162.4 " "
N 45 301.0 Failed to open, partially cooked
" 60 226.1 " . " "

Acetylene 15 181.7 . " " t
" 30 254 .6 Failed to open, muscle burned
" 45 283.3 " " " "
" 60 277.1 " " ! "

G. Mechanical Shock Treatment

Mechanical shock experiments were conducted by striking test oysters
with a metal bar. Several of the oysters subjected to this treatment
were gbserved to gape very slightly.

A series of mechanical vibration experiments employed the penumatic
air hammer. The vibration equipment was securely fastened to the test
specimen and the test performed with both the oyster and vibrator sub-
merged in seawater. No effect could be detected as a result of this
treatment which included testing at frequencies ranging from 10 to 30
cycles per second for durations up to three hours. Table IX presents the
results of this testing,
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TABLE IX
EFFECTS OF MECHANICAL VIBRATION ON PACIFIC QYSTERS

Oyster Vibration Duration

Gross Weight Frequency of Exposure
grams cycle/second minute Remarks
330.2 10 30 Failed to open
307.4 " 60 "
295.4 " 120 "
342.0 . 180 "
300.9 20 30 "
268.1 " 60 ¢
319.1 " 120 "
304.0 " 180 v
318.9 30 - 30 "
272.5 " 60 !
215.6 " 120 "
311.3 . 180 .

Each test specimen exposed to this treatment was hand shucked and
the adductor muscle attachment examined. There was no evidence to
indicate that the attachment had been disturbed in any of the oysters
subjected to vibration.
H. Carbon Dioxide Treatment

Three oysters of gross weights 96.2 grams, 102.7 grams and 11.4 grams
were simultaneously submerged in a seawater solution into which finely

dispersed bubbles of CO2 were generated through a porous ceramic disc. It
was hopefully expected to produce an anesthetic effect which would relax
the adductor muscle. The oysters were observed periodically for a

period of 64 hours. The test specimens were found to have opened
approximately 3/16 inch some time between the sixtieth and sixty-fourth
hour of exposure.

I. Microwave Treatment

Several oysters were exposed to microwave energy in a 2450 MHz micro-
wave oven, The results of these tests were considered inconclusive
because of poor repeatability. In one test twenty second exposure
caused the oyster to explode, while another would cause only rapid
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cooking of the oyster. Shorter exposure times also produced

inconsistent results. Some of the oysters were gaped, while others
exposed for the same duration were unaffected. A1T trials failed to
significantly loosen the adductor muscle and the meat of those immediately
hand shucked was very warm. This method(z) to facilitate shucking

appears to have some merit but would require an investigation much

more refined than was performed in this study to confirm or develop

it. Table X presents the results of the microwave heating experiment.

TABLE X
EFFECTS OF MICROWAVE HEATING ON PACIFIC QYSTERS

Oyster Exposure
Gross Weight Time

grams seconds Remarks

160.2 15 Failed to open

124.8 15 .

221.6 20 "

182.1 20 Exploded

204.4 30 Failed to open

211.7 30 "

196.2 45 STightly gaped

185.1 45 Failed to open

250.1 60 Slightly gaped, meat very hot
223.3 60 " v

J.  Vacuum Treatment

A series of experiments was conducted to determine the effect of
a vacuum environment on Pacific oysters. The oysters were subjected
to vacuums ranging to 29.0 inches of mercury for durations up to two
hours. None of the combinations of vacuum and exposure time employed
caused the oysters to open. The results of these experiments are
shown on Table XI.
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TABLE XI~
EFFECTS OF VACUUM ON PACIFIC OYSTERS

Qyster Exposure
Gross Weight Time Yacuum

grams minutes inches Hg Remarks
92.7 30 10 Failed to open
176.1 60 10 "
139.0 120 10 .
215.0 30 20 B
191.8 60 20 !
221.9 120 20 "
284 .6 30 29 .
244 .0 60 29 "
204.3 120 29 !

A second series of vacuum experiments was performed which incor-
porated & 400 watt ultrasonic bath pretreatment. The results of these
tests are considered inconciusive in that only two of the seven oysters
were gaped while those tested in repeated experiments were unaffected.
The data from these tests is shown in Table XII.

TABLE XII®
EFFECTS OF VACUUM WITH ULTRASONIC PRETREATMENT ON PACIFIC OYSTERS

Oyster Ultrasonic Yacuum Vacuum
Gross Weight Exposure Exposure in

grams minutes minutes Hy Remarks

116.2 10 15 29 Opened 3/16 inch
after 5 minutes on
vacuum

128.3 10 30 29 Opened 3/16 inch
after 8 minutes in
vacuum

167.5 10 60 29 Failed to open

132.7 10 120 29 "

111.5 20 30 29 "

177 .4 20 60 29 "

168.2 20 120 29 “
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K. Anesthetic Agent Treatment

Two vapor phase anesthetic agents were investigated for gaping
oysters. The first, ether, had no effect on the oysters. The second
anesthetic used was chioroform. The results of these experiments
varied from no effect to a well gaped oyster for a variety of exposure
durations. '

Three aqueous solutions containing anesthetic agents were
investigated for gaping oysters. The agents were; quinaldine, chlorodane,
and MS-222, a cormonly used fish anesthetic. All of these materials
tested failed to produce gaping in the test specimens.
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PATENTS

Blake, Philos, "Improved Oyster Knife," U. S. Patent 10,798 (1854) .
Fixed paraliel members combined with a knife for breaking off the shell-nose.

Towers, W. H., "Oyster Opener," U. S. Patent 10,810 (1854). A foot
treadle clasp and a lever actuated knife quided by Vse-members engaging
edges of shell. :

Holtzman, George, "Improvement in Oyster Shuckers," U. S. Patent 115,474
(1871). A lever actuated edge-crusher, a second lever to force wedge

in crushed edge, and a knife swinging on a universal Jjoint to severe
muscle,

Starin, John H., Jr., "Improvement in Oyster-Openers," U. S. Patent 133,267
(1872}. A knife combined with pinching jaws for 1ip breaking.

Wells, Richard, "Oyster Shucking Machine," U. S. Patent 211,449 (1879).
A notching die actuated by a foot treadle or powered to chip shell-edge.

Ward, A., "Oyster Opener,“ U. S. Patent 247,445 (1881). A lever operated
- wedge-knife.

Drake, Cunningham, "Oyster Clamp," U. $. Patent 299,756 (1884). Hinged
members to clamp oyster with 1lip projecting.

Daismarre, 0. B., "Oyster Knife," U. S. Patent 390,759 (1888). Knife,
spring retracted in a guard-block.

Wood, James S., "Oyster Knife," U. S. Patent 469,312 (1892). Knife com-
bined with pincher type shell notcher.

Johnson, B. S., "Oyster Trimming Machine," U. S. Patent 699,182 (1902).
A circular saw with conveyor feed of oysters for cutting opening.

Elagdan, Silliman, "Oyster Opening Tool," U. S. Patent 708,014 (1902).
Pincher-type hinge and wedge insertion, combined with knife attached to
one handle.

Torsch, H. L. and Parker, J. H., "Process of Shucking Qysters," U, S.
Patent 848,608 (1907). Articulated clamps conveying oysters past milling
cutters to open hinge and, hook-open and insert knife.

Torsch, E. L. and Parker, J. H., "Machine for Shucking Oysters,” U. S.
Patent 848,784 (1907). Same as U. S. Patent 848,608.

Klinge, William, "Oyster Shucking Apparatus," U. S. Patent 880,222 (1908).
Lever operated clamp, wedge--opening of hinge end and knife insertion.

Lekam, Philip, "Oyster Opener," U. S. Patent 930,771 (1909). Crank
operated milling-cutter opener and wedge insertion.
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Hall, A. F., "Oyster Opener," U. S. Patent 997,996 (1910). Lever operated
wedge insertion.

Tiffany, E. D., "Clam Opener," U. S. Patent 1,041,198 (1912). Lever operated
clamp.

Savieo, Leo, "Oyster Shucking Machine," U. S. Patent 1,060,502 (1913).
Treadle operated wedging knives,

Dandridge, K. P., "Oyster Shucking Machine," U, S. Patent 1,117,984 (1914).
Screw-clamp, Tever shell-break.

Buras, Morbert, “"Hammer," U. S. Patent 1,314,465 (1919). Hammer with shield
for flying particles.

Mandvill, Arthur P., "Oyster Opening Machine," U. S. Patent 1,439,181 (1922).
Conveyor with clamping fingers to yieldingly deliver oyster to wedge-knife
opener where arm with clamping fingers picks up oyster on half shell and
delivers it to second knife.

Egli, Huldreich, "Oyster Shucking Machine," U. S. Patent 1,445,672 (1923).
Horizontal rotating tabie with clamps to hold cysters hinge up aligned
with wedges and knives operating during rotation.

Beysrle, 0. W., “"Automatic Oyster Shucker," U. S. Patent 1,499,965 (1924).
Clamping conveyor with wedge and knife insertion.

Richens, John M., "Oyster Opening Device," U. S. Patent 1,597,622 (1926).
Lever shear with attached knife.

Vannce, W. P., "Oyster and Clam Opener," U. S. Patent 1,737,626 (1929). Crank
or foot treadle actuated screw forcing 1ips of oyster over turning pointed
knife.

DeLende, Emile, "Oyster Opener,” U. S. Patent 1,741,015 (1929). Combination
wedge and knife on lever piveting on universal joint to open oyster resting
against a backstop.

Robinson, Henry, "Oyster Opener," U. S. Patent 1,857,872 (1932). Lever
actuated pinjon and rack forcing wedging knife into oyster resting against
backstop.

Boudreaux, Hamilton J., "Oyster Opening Apparatus," U. S. Patent 1,974,766
(1934). Rack and pinion drive of wedge and knife separately into hinge end
of oyster.

Briasco, A., "Safety Oyster Opener," U. S. Patent 1,950,424 {1935), A
guarded short knife and retracting long knife.

Prytherch, Herbert P. and Koehring, Vera, "Method of Opening Bivalves,"
U. S. Patent 2,041,727 (1936). A process of tumbling and immersion in non-
injurious muscular relaxation chemical,

Frazier, "Clam Opener," U. S. Patent 2,136,816 (1938). Straight lever actuated
shearing knife.
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Dickerson, Leary, "Oyster Punching Machine," U. S. Patent 2,299,311 (1942).
Treadle actuated, spring loading trip hammer to shear notch in shell-11ips.

Dickerson, "Oyster Punching Machine," L. S. Patent 2,444,636 (1948). Powered
version of U. S. Patent 2,299,311.

Plock, John, "Oyster Opening Method," U. S. Patent 2,473,608 (1949). Lever
actuated wedge insertion near hinge.

Plock, John, "Oyster Opening Apparatus," U. S. Patent 2,473,609 (1949), Lever
actuated pointed members to slide shells and twist off hinge joint.

Doiron, P. A., "Scallop Shucking Machine," U. S. Patent 2,476,962 (1949).
Hinge-opening, knife insertion.

Wesik, “"Adjustable Clam Opener," U. S. Patent 2,520,790 (1950). Cleaver
with pivot adjustable vertically.

Labat, L. H., "Oyster Check," U. S. Patent 2,612,653 (1952). A ribbed check
for holding the oyster while prying, cutting, etc.

Gonyear, "Clam Opener," U. S. Patent 2,691,794 (1954). Suction-cup and
horizontal cleaver.

Gaetti, R. B. and Pittman, W. D., “Oyster Opening Apparatus," U. S. Patent
2,738,546 (1956). Lever engaging half-shell to slide with respect to
other half nesting in rubber pocket.

Thompson, “Clam Opener,” U. S. Patent 2,747,220 (1956). Crescent shaped
cleaver on fixed pivot.

Palmere, "Oyster and Clam Opener," U. S. Patent 2,808,613 (1957}. Half-
round cleaver associated with shell-spreaders and juice catching.

Skrmetta, "Oyster Shucking Machine," U. S. Patent 2,818,598 (1958). Tumble-
separator for steamed oysters.

Hedlin, “Detachable Pivoted Knife," U. S. Patent 2,822,845 (1958). Cleaver
and crusher on detachabie pivot tec operate against wooden block for cutting
or crushing various foods.

Seal, R. D., and Harris, S. 0., "Apparatus for Recovering Meats of Bivalves,"
U. S. Patent 2,823,414 (1958). Tumble and spray separator for steamed
bivalves.

Colangelo, "Shell Fish Opener," U. S. Patent 2,854,638 (1958). Combination
of short point and arcuate knife for manual prying and cutting of shell fish.
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United States Patent

3,013,883
PROCESS FOR CHX.IICALLY OPEIiWG
BI%ALA ES
Clyde J. 'IVelckerand Roland L. ‘6'elcker, boih of
1334 Sl. Bernard Ave., v'ewOrleans 16, La, 6
No Dross'ing. liled Oct. 17, 1960, Ser. Xa. 62,829
17 Claims. Cl. 99 111!

The presentinvention relatesto the processand solu-
lions employed for chemically opening oisters and olhcr
mollusks for removal of the edible meats therefrom and
is i continuation-in-partcf our similarly entitled applica-
tion Serial Na. 5,110, iiled January 28, 1960 naw ab.in-
doncd!.

Comm rcialiy, oysters are opened by hand, uiinc a
knife, mallet, chisel, block or combination of &'l these
tools or knife alone dependingupon li e techniqueof 'h"
oyster shucker. In ihc commercial oilier house, the
shucker in achieving speed sacrificcs quality of ivnri,man-
ship, Tnese oysters may be cut in olher places besides 20
in the eye. The oysters ivhilh are completely processed
by hand arc ivashcd and tnen packed in containers iihich
are refrigerated or frozen. The oysters obt..incd in this
rn«nner are fresh, whole and have lost no weight, liic
qu:ility of the oysters can approach that of the oislirs in
restaurants but usuali> is lov er.

Another commercicl method is to stcam the oyslcrs.
The oysters arc steamed al temp r;rturcs of 240" F, pius,
at pressures of 12 p.si.g. plus. The oysters under this
form of pro“css are essentially cooked. There is a 60
70~0 shrinkage in the alsicrs ivith an accompan>ing
ivcight loss. %'hat is really achieved in the siciim pro-
cessis that lhe adductor muscle elongates through thc
process of heating, Thc heat cleaves the protein links
and the oysters open, The udduclor muscle is still fixed
lo thc shell. The steamed oysters ilave to go to hum«n
shuckerswhere they arc cut from Ihi shells, Thc. shuck-
iiig nprration is veri fst for the nlsrers arc already
"open. By this processvorysmJlloislers canbe marketed
which would bcreally di!T!cult In conrpietely open by har.d. 40
These steamed open o>slers are ivashed and further
cooked in the canning process.

I'hc process ol' the present invention eliminalcs lire
nianual work that has io be done ulon atightly closed
olsler shell ivhen the hand shucking process is employed,
iizilso avoids the s'irinka e in the nisler meats iihieh is
«ilend;inl with rhc stcam process,

fhrsieaily, v e proiide soiutians into which thc closed
n>stcrs marybe dumped and iviihin a very short space cf
lirnc, one IO three minutes, the oiitcrs iiil open their
shells and the meat may thin bc removed Iberefrcm
isithout Ihe mthod of sicaniing or rnaruaily beating and
pr>ing upon the ops'.cr shells. Tiic chemic«!s in the
b;irh musl bc acceptable io rhc oisrers so that they vill
crack their shells op:n and ihe cisiers v;ill not immedi-
aliy «lo eand slay closed, The o' sicrs may be m;di
lo want to open;ind o pump ivaicr. The chenlical
changesmust be fast actin, non-poisonous and rnrrst not
«her the ph>sic il «ppe«r;rnec nf the ni stars or ihiir ta~te,

‘t'Vctherei'orc h«ve d.iclopcd  solutions of varying con-
centrations cf ii «ier solotfi e;»boi i dr;ites, non-poisonous
;i) edible for human consumption. 'A'c hai'c found
that ihe oysters can bi fattened and ive have inlargid
Ih» oysterbodyto such anixienl rh;til almost bui.'es oul
Of InC Shell. ThiS fattening s!Cp t«keS plaCe With lhe GJ
aildition to the solution of polysacchmideswhich ivhin
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the salinity of the water is controlled and the water tem-
pcraturc cc..trolled, will result in a quickly fatteaed oyster.

As thc result of our res-arch program ivirh oyster culti-
vation involving the morphologyasVv'eli asthe physiology
of the mo]lusk, it became evident that oysters can be
chemically opened. This chemical method proved to be
highl; ciiective, non-loxic and economic=Illy feasible,
This chemical processfor opening o>sters resulted through
an aNariness of the needs and requirements of the oyster
and its rciationshir to ils environment. It became ob-
vious that the defenses of tbe oyster are folsnidable,
Forcleful means are met v,ith great resistaoceby the
al'sel’,

Thc very conditions thai exist to rnal.e avsters thrive
iiouid haie to be aroute of attack. Any chemical agent
tl at could be usid and result in a marketable oyster meat
would have to be consumed by the o>ster through the
living process, Therefore, the initial rcspan-e oi' the
o! sier to the ".gent must hc favorable and conditions of
environmentsuch as to affect body functioring at their
highestlevel. Thc oyster hasto consumethc agint and
build ii cnn cntration of it in Ihe body suriicient to make
shellclosure muscle contraction and/cr nerse rcpsonse!
ditrreult or impossible.

in nur disclosure, all phrascolo~ and verbs most cer-
tainly dern!c the oysteris alive prior to and during our
opening process. rrVhether the ovster is alive or dead
upon removal from shell ivili be determined by exteat
to which the process is «!lowed to continue, concentra-
tions and specific metal ion us%. This final status is
optional and at the discretion of the operator of the
process.
~ Ail stepsbeforeapplicationof openingprocessanust be
in the direction of the preservationof li'le. The manner
in handling should parallel the care and judgment used
in transpl;inting and/or seedingb ds to insure greatest
yield

Severe exposure to temperatures above 50 C. must be
avoid d. Temperaturesof a rarge of Ihe order of 5 C.
lo 49 C. are operative whereastemperaturesof 50' C.
or abovearc lethal to the oyster. Long exposuresat 50
C. iiill resui! in a100'ic, lilk  Oystersfreeze approxi-
matei! at 2' C, with a cessaiicn of body action. Fram
5 10" C. body functions and pumping rale is at a mini-
mum, Q'ith rising temperaturesabove 10 C., biological
action and pumping increaseuniil uppraximatcly 30" C.,
falling oii sharply abovethis temperature.

Anolher factor ivhich may injure or €' en kill an oyster
isroughnr abusiveh!sicaihandling.Suddelarringor
tumbling must be avoidedta insure rapid and unimpaired
reaction of oysterto the openingprocess. Unnecessary
or seiere shovelingia freezingweatherv ill kill oysters,
Severetumbling v ill damageoystersand slaw their re-
vival to anormal a:livity.

Shouldthe jarring be sei‘ereenoughto Kill the oyster,
thos' w»htheshelisgn a closegbositionwill staycio ed
and open orily upon dicomposition.

In order to bestundcrs!ondthe development,it is ad-
vantag.o:ii to clearly picture thc o! ster formerly Ostrea

GO now re-n;imed Grassostrcal.

The o>sterisa memberof the phylura of animals,shell-
fish,bivalveof the molluskgroup,subgrougknoi a as
Grassoslrca.

Thc oyster consistsof valves half shells! iointed at
the pointed nharrowendby a hingewith a bodyeacased
by the valves, Part of the body callid the adductor
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muaehteye! formsa connectivéissuebetweerthe two
valves,

A portionof the adductormuscleservesas a latch
saedtaaispuUiaghetwovalvesogethethuscic!sing
the valves. The edgesaf tbe valvesmate perfectly.

'Ibo adductormuscle,whcain the contractedstate,
cloacthetwovalvesifsettinhehingectiorf keep-
ing them apartdue to tbe Ugameabrientatioraad ma-
terial construction.

Thistwo valvesof the oysterare aot the samesizeor
shape. The left valve is more deeplyconcave-convex.
It is this left sidewhichis attachedto somerock or
othematerialvhertheoyste@Qrssets. 'lherighvvalve
ismox&aSataadformsa Udor operculuto thcstony
casdoxmedby thelowervalve. Thesoftpartof the
body are lodgedin tbe deepcavityof the lowervalve
aadarecoveredby theflatoperculum.

If aa olvtcris heldsidewaywith the hingeaway
fromthe observeandthe liat operculunowardghe
tight hand side, the upperis the dorsalside and the
lower the ventral;the posteriorcad liestowardthe
server aad the anteriorend away from him. Therefore
the two valvesreaUyrepresenthe right and left sides
of the molluskand consequentie flat operculunis
spokeof astherightvalveandthe largefixedvalve
asthe left valve.

At thc naxxowor pointedcndis a hingeUgamenbf
resibcaimaterial,formedlike tbe shellsasan excretion
from the liviag tissueof the oyster. The functionof
the ligamentis to exert force ia the directiorto allect
the opeaia@f the shells.This cndof the oysteis
referred to as anterior.

The edgeof thetwovalvesnateia sucta waythat

the sheUsre perfectlyengaged aroundthe periphery

excepin thc very closeproximityf the hingdiga-
ment. ThehingdJgaxaeissituateit a voicr cavity

betweenthe two valves. The positionof departure  of

the Uneof perfectmstiagof the two sbeUso form thc
ligamentavityserveasa fulcrunor pivotapoinfor
theopeningndclos!agftheshells.

The hingeligamentservesas a springpullingthe two
valvestogetheron its sideof the pivotalpointand thc
adductomusclein tbe contrartedstatewith its greater
leverage grcater distancen thc postericgidefroxn
thec pivot! closeghe sheU.

The actionof the hingeligsmentis constania the
directionof affectingan openingpf the shells. To the
bestof knowledgethis ligamenis at no time tmderthe
contxol of the nervous system and is ia teasioa due to
Its rmUicnt structural material.

Howevettheadductanusclesverymucta part  of

the body of tbe oyster. It is livingtissueonsidereds
partof theanatomy ot thebodyof theoystereceiving
a blood supplythrougha systexmf arteriesand under
contxolof the nervoussystem.

A closer look at tbe adductor musclereveals that it is
composeof tsvanasses.In the greaterposterioposi-
tionisthesmallem~ referrét asthevoluntary
mascleJatch musclesmoothimuscletetanicor nacreous
part. Thisportion of the adductamusclé&eepshe
aheUclosed. It is fastactingand is eitherin the con-
tractedstateor relaxed, Its actionisto releas¢hesbeUs
for the hingeligamento openthemor to contracand
completelyoffsettbe actionof thc ligament.

The voluntaryactionof the nacreouportionof the
adductormuscleis stimulatedinto  fast action con-
traction! by tbe visceralgangliaof the nervousystem,
Caatxolof the nacreousdductors thxougtthe visceral

The largemas®f theadductanasclénmediately
adjacento the smellemportionalid anteriorto it is tbe
vitreousnuscleslowactingnuscler theinvoluntary
muscle. Thisportionof tbcadductois uadcrtheinitial
stimulor directioaf thecerebraangliaeceivirig-
puiseomnervecUsathcesophageakagillsSaps

ob-

and tentaclessensingfor favorableconditionslxnme-
diatelyexteraato theoyster.

The nervempulsesomthecerebrajangliaredi-
rectedthroughtbc viscerabangliato controlthe action
of thevitreoumuscléo regulatéhe amounof gape
of the oyster.

It hasbeenfoundbstwhenthe positioningf tbe
valvesare underthe influence of the vitreousadductor
m_uscl'dnerearethreegjistinmhe_lBositionﬁststage—

lo slighthpaiforsensiofgonditibycerebrghnglia;
2nd stagevalves midway apart  for reducedamount
of pumpinggad 3rd stagevhereshellsare greatest
apartfor maximunpumpingf theoyster.

It bas beenfoundthat whenan oyslerhasits sbcUs

Ig closedijts heartdoesnot beat. Biochemicahctionoc-
curs,energyis consumednd aay circulatioris thxough
a procesf osmoregulation.

In the closedpositionccU activity continuesuntil
it reachessome critical minimum level whence a

gostimulissentitheviscerghaglileasingplac-
ing the nacreouadductomusclén a stateof relaxation.
The !bellspart or gape.

Emphastouldoc placedn the factthatenergys
beingexpandedo keep'he adductomusclein a state

gg of contracti@adre]axatiomusbccufor tbcliving
oysterto onceegsiabuild up its food supplyso neces-
saryfor bodyfunctiorand 1%rowth, The shellpart
uporrelaxation Thcoystetheapumpsvatetthrough
itself to extractfood.

SO Thc shellpartsandthe cerebrafjanglissensé¢he con-
ditiorof tbewater for suctiactorasfoodcontenton-
centratiorand dangeroumaterialor unfavorablecoa.
ditions.Thissensirigdonen stagé with thevalves
sUgbtly patted.

gg Dependingporthe biochemicattivityevelof tbc
oyster,and water conditionsthe cerebralgangliacan
controlvbctber tbc shellsare farthestapart for maxi-
mum pumping nr  at an intermediate co!!dition.

Any unfavorablexternatonditiorsensedy tbe

40 cerebraganglids fed into the visceragjanglizand

thenceto the nacreousadductomusclefor immediate

coalraction andvalve closure.
Stiiaulforvalveslosurmaycommené®maaypart

of thebodyservethythe nervousysterwhictwould

4q feedintotbe viscerabangliaotinvolvintipe cerebral

gangllth_lsmoulbcasmthccaswhe eoyster
adedsuiiiciently.
Sinceheoystelis sedentarjpod mustbe in the water
ia clos@roximitgothatby motiorof theciliaof the
<0 oysterwateris pumpedo extractoxygenmineralsand
food matter.
Lowoxygeandfoodconcentratiorcallfor large
guantitiesf materto bc pumped.Converseligrge
concentratioreall for smallerquantitie®f water,
Dangerousnaterialor water conditionsesultin the
oysterclosingandstayingcloseduntil deathaad decom-
position. The oysterjust can't move itself to more
favorable water bottoms.
Woc havefoundthatoystershrivebestia waterwbo!c
Bon inerak salimisontérgMthiadcfln'tan't, sm-
cienfoodto sustailife, wellaerated!on-polluteahd,
wheravatetemperaturasesustainemgnough
theirspawninignits.V/stetemperatures too great
stungrowh andif toohighwill actuallkiUoysters.
Eachspeciedf oys!erbasan optimuntemperature
range for pumpingectivitywhichis also indicativeof
other biologicafunctionsuchas heartbeatrate. %e
foundwilb the oyster Gralsosl!reairgiflicthis
tivity temperaturerengewas15-30" C.
TheGrassoxxreagiflicessshlaves speciflavorable
temperaturdegendi_n ponthe geograhical latitudeand
locatidheyabound andortbcseasahtbeyear.
The dillcrentvarietiesof GrassnstreaiU also have a
telnpexatusmgeassociatedththe specifieub-group
yg for the geographicaind seasonalonditions.

ac-
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It becamevidentvith numerousxperimentat dilfer- This value wilJ chaagevsfthgeographidocation aad
entumesof the year, diffcrcntconcentratiorsnd tcm- variety of oyster. o
peraturdata certairpatternor underlyingequiremeat Oysteratdifferertimesof theyearaadin different
gavébestesuJts. phasesf developmemtiJipossessgreateor lesser

Whatis most desiredis for  the oysterto open aad pump tolerance for salt concentrations. At certain times in the
the soluticm. The conditions should be most favorable summeraad winterthe specifigravityof testsreached
to the sensing facilities of the oyster. 1.036.

Kc received optimum results when tempcraturcs were la practical operatioas preliminaryests should be coa-
lvithin 25-30 C. for Grassostrea virginiea. The heart ductedfor the specificvarietyof oyster stateof develop-
beatdfaster, more water is pumped which resultedin a 10 ment and correspoadiagcondition of geographicallocale
fasterbuild-up of our desiredreagentin the oyster. asto give salinity valuesfor optimum time to opeaiagof

Theoverall salinity of the testsolution was held within oysters.
the nptinlum salinities for the oyster growing area 1.012 Separateoystertestswith varyingsaJlaitiesstablished

to 1.020spccificgravity hydrometerreadings. Any dras- ~ an optiinum salinity for the oyster handled,
ticchangen the saliniiy w s avoided. The procesf the 15  Excessive concentrations of NaCl or Js.Clby themselves

preseninventionis operativethrough a salir.ity range of serveto cause shell closure and death of oyster with ac-
J.004to0 1.036 hydromcter!. companying decomposition before shell opening.
We are using the term saliaity to refer to total salt To insure asupply of oxygen, the tat solutions were
contentof thc water. aerated using equipment normally found in aquarium sys-
In forrnulati..g our solutiors, we I'ept in mind the Items.
practicalnessf usingthc fresh potablev atcr that may be To serve as food, solubJe carbohydrates were t:sed.
available in the locale of the operation. For all intents Polysaccbarides «ere most easily obtairablc and the fot-
andpurposesmunicipal »ater suppliesvill be considered  lov;ingwere used. All tested vere found acceptble:
asfresh «ater and any dissolvedmatter negligible. If glucose, dextrin, maltose, dextrose, sucrose separately
this shouM not be the case and the dissolved materials are g5 and in combination!.
excessivethen they should be taken into account. Initial tests were conducted with the above mentioned
Telt solutions ia Yew Orleans, Louisiana werc made polysaccharides and it Anally develop d that n proprietary
with city water which is miMly alkaline in pH, Sufhcient product known as Cartosc a desi.in base coinmercially
desiredsalt «as added to give ihe specific gravity desired. employed as a baby food! gave excellent results, v'as easy
It v:as found that the usc of aspecific gravity float or 50 to useand gave a solution that looked and smenedlike
hydrometer gave good co;jrelation «ith chemical con- the natural meso-polJhaline waters.
centration on such basis as normality and ppt. Oysters were kept in solutions of knov:n temperatures,
h!gClz salt possessesexcell nt properties in as much salinity and polysaccharide concentrations to observe th ir
asthe salt alone need be added to bring the gravity read* ~ behavior. ~This v.as conducted vith oysters at diferent
inginto the desiredrange providedthe pJI is of the cor- » times of the year.
rectvalue. The addition of a suitable acid or base such The oysters were placed in separate soluflons contain-
asHCI or Ya01$ respective «ill modify the pH. higCls ing the chloride salts of alumirum, copper, zinc, mag-
additionsto iNew Orleans «ster did not require any pH nesium, manganese and calcium,
correction %hi'le svehave used the term 'salt" it will be under-
As an example, for a specific gravity rending of 1.020 40 stoodthatthe»ord "salt" includesiot only thechloride
hfgCJsv,as slowly dissolved in Islew Orleans city water to or chlaratc of the elements above ideniified but also in-
brin" it to the proper value by hydrometer reading, The cludes the sulphate, phosphate, acetate, nitrate, floride
pH remainedon the alkaline side and no pH correction and bromide.
wasneeded. This «ord "salt" is acollective term but it must be
Yo re..ter difficulty «as involved with manganese, zinc solublein solution, It alsamust be loosely coordinated.
andcnlciuin chloride. The elementor metal of. the salt employedmust be
Where the salt «4!l impart acidic conditions to the solu- solubleand its ions loosely coordinatedai.d capablenf
tion through hydrolysis depressing the pH below 6.5, stabilizing the pyrophosphatestructure of the adductor
slightbase YaOH! is added and aeration controlled to muscle.
preventprcclpitation from solution. For sucli salts, the All of the above salts affected opening of the valves
limit of solubility will be controlled by pH, degree of and eventually permanent opening of the valves.
aerationand bufl'ering action of the solution. For equal concentration. the fastest reactions sverc
Acid solution conditions are easily detected in thc taste, with aluminium; then secondly, cnppcr; with zinc very
phisicalappearancend feel'of the oyster. If the [H~] closeto it; thirdly. magnesiumand rnang=nese.|t is our
inn concentration is sulu:l«nt in itself to exert hydrolytic finding that magnesiumand manganeseeactionrates are
actionon muscle consiiiuents, the resulting oyster meat is very similar. Calcium reactedvery slow]y and thc time
nni miirketable. far permanentvalve openin” was manytimes slox»cr than

those for the other reagents.

Upon evaluatiorof thc Andin-susingvarioussalts,
stssvereconductedto All in additional data using msg-
nesiurohloridchl1gCJslistheactiveeagerdifecting
valve opening.

Various concentrationswere us d to determine mae-
nesium chloride exposuretime ard the overall effect on
the oyster. Beyond a definite concentration, in a pFl
rang- of the order of 7.0 to 9.5, th: cffc .is irrcvers.'ble

Sinceit is the aim of cur pressio achieve the desired
relilits through the aciion of a muluvalent metal ion, it GOy
. ) . . ) e
is considered incompatibl  and ann-desirable that thc
actiorof [H-I concentrationsbe at pH's belo;va pH of
6.5. It has proved ndsantngeousto have neutral to aika-
line solulious in thc bro;.d range of 6.5 through 9.5,

For thc more active metallic ion eations! such as 65
alvminum, copper and zinc, their multis cleat cation con-

centration is much smaller tlinn for man anese, mag- and the valves stay open and the oyste.sare killed.
tieliuni and calcium, flieir indis idun! concenir:iiions im- It is noticedthat the openingand clo'ing of the oJster
partonly afraction of the overall saiirily for afavorable 7p pecomeserv slU'gish at | owcoacertraious. 'l bc next

condition affecting the o>ster, |=or these salts, the specific effectof increasecconcentrationis a prolon edshellopen-

grasity hw been adjusted by the addition oi the mono- in.. with very litt'e reflexactionremarnin’in the sensirg

Icleat ions froin the salt sodium chloride. _ mechanismof the oyster. If the olster is taken cut of
Thespecifigravity of 1.012ta 1,020 representainopti- ~ th: solution and submereed ia anorinal solution for

mum range for oysters gro«n in thc Gulf Coast region. 75 oylter cultivation and the shellsforcedto openand close
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by preesbtgt tbe ebelhwith one'sangerseventuallyhe
adductomusclerevivesand the oystercan once again

be broughto a normalcondition. These«oncentratlona
are within tbe equilibriunife cycleof the oyster.

%9thtbeuse of magnesiuchloridandtbepolysac-
charide thetaare no harmful etfectdo the oyster. It is
edibletPeri enotoxiceff ctendtheoystewerﬁuc-
ceesftut rigerateknensnoappare
Ssa,

The fastesactmgagentaluminunchloride AlCfs!
}stennbncobncentratiacemliterallytearthe oyster
to pieceLToostrong concentratafimluminurainc,
copperand manganesean causedeterioratioof oyster
body and bloatingpf gills. If sucha concentratioexists
for magncsmmiit wss never reachedin our tests.

ht the time of the yearwhenoystersare very high
in glycogen.the polysaccharidecould be omitted and the
reagentvorkedalone, At the time of lowestglycogen
content, for the samereaction time the polysaccharide
proves most useful.

ht both times, for equal concentrations,the presence
of polysaccharidcancreasesthe reaction rate as a time
reactionacceleratoor opcnittgacceleratoand decreases
tbe time required cor valve opening.

In the normalstateof oyster muscleaction,we Sndin
the musclet the sideof myosia triggeringnechanism
in whichactinplaysa prominentole. Accordindo ex-
periencesherestingnuscleontaing1o actomyosimut
containsactinandmyosirsideby side keptapartby the
subtle balattce of attractive and repulsive forces with g0
a slight predominancef repulsion. Theserepulsive
forcesareelectricsndtheATP linkedto myosin!plays
with its four negativecharges,a leadingrole. 'Ms bal-
anceof forces is destroyed,for an instant by excitation
whereupomrtin and myosinform actomyosin.In the
actomyosin thus formed the terminal phosphate bond
P~P of ATP becomesplitandits energyput into
action. Relaxatiorinvolvethcrcphosphorlctiouoi the
ADP into ATP which, with ils four chargesestored,

g

10

pusheactinandmyosinaparwhereupothefreemyosin<Q

particles rcbulld their water structures and stretch out
into Ssmentsagain,thus becomingeadyfor a ncw
contraction.

ATP is adenasindriphosphstc. ADP is adenosinedi-
phosphste.

The AZP mofectrle

WC CHr
»

NHs
I'H y k
«LJ
R'l
Electron pairs Il electronof conjugateddouble bond are

source of Ko
E=chcmical bond energy

ht pointsvbcrearrowsareshowamoleculdasability
to changeits shapeand curl up.

Nt of the YHc groupat positior6 andN at position7
comeinto closepositionto the 0' of the two OHt units
whenmoleculeurlsup. Thiscurlingup occursn con-
traction of muscle.

Myosin is a prolcin whose moleculeis a thin Slament. g5
The myosinmoleculds proposedo be furtherdivided
intomcramyodinandH; L andH standirigrlightsnd
heavyespcctivclyfheH meromyosisiplumpeend
upon precipitationsctticsfaster. It Is furtherproposed
that the myosinrmolcculconsist®f oneH mcromyosi
and two L mcromyosins in a chain. .

Actinis a ttpicalglobulaproteircapablef being
polymerizébmtheG globttlarto thels Rbcrlactin.
Actin,asa protcinoamaterials chargechorenega-
tive than myosits.

"f0
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Tbe release of tbe energy of the chemical bond et
the P~P link 2,000 cal.! is effectedthroughtbs
formation of a magnesiumcomplex with ATP. Msg
nesiumis available frotn an enzymesubstrate. Ibe resc-
tions in a normal muscleare equilibrium rcactionL 'lbis

magnesiumcomplex can he picture as foGows:

iscolora-

P-0
00

hfe Acto
sascsin

ThcdottodundndtcotésobrectdagttbcP 0-P  uatt.
Rest: Actla+hfrosin-ATPI

RO

5
Eccftcttm: Actotnros!r ATRIr
Contractiohctotartr bt A TP,

1L
RclcsstioaActotnrestn-ATP~hctotnrostADP+Pbcspbstc
hctotarcstn-AD P+CP~ Actcmrcslaa TP!+0
1

Actta+hfrcc-itt—A TP

The energyreleasedluringthis processs usedby the
muscle to contract. This breaking of thc energy rich
phosphateis cnzymaticclly promoted by thc magnesium
ion whichis knownto form a stableampiest.

When the terminal P 0link is broken and thc bond
energyrelcascdgactttntyosilADP  is formed. Tbc mag-
nesium complexeswith the enzyme substrate. In nor-
mal muscle action the ADP attachedto the contracted
actomyosiwill attempto reformATP by rcaclingwith
anothemoleculef ADP or with a molcculef CP,
Ottiyuponthereformatiorof ATP doegheoriginalcom-
plexreform re~tablishingthesystenof actin,tnyosin
ATP magnesiumcomplex.

Whenforeignmetaliousor additionamagnesiutious

40arantroducetexcessethenormahagnesioan-

| '-?)-kc-I?-Hc
8

R!

centrationthis ionic increaseavill producean Interfer-
enceviththedecompositmfitheori~al actinmyo~m
ATP complexes.Threephosphatgroupscontainin

totalnegativehargef fourarepresenin theATP mole-

. cule attachdd theenzymelheseegativeharges

aren~~tralizcly onemagnesiuionin theenzymeom-
plexleavinganadditionatwonegativeharges/hichwlll
0 P-P
gotsmtheanale/tical
determlnatlasmagnesg CcC-
releasednuscleontrartiorwill not occur. Themuscle

permittheadditioraf anothemagncsiution.

Thc additional magnesiumion stabilizcdthe

0
linkthrougtihefortnatioof a pyropbosphédiieis
knotstobeavenstablinkass _
_ rophosphafehise
%vcrl%/djreven ebrea ul:%‘ueterml a#~P
andntheeleaofitsoo nergljyl errmabn-
ditionsSinaki®ondnobrokemdioenergy is
wlll remainin its rclaxcd state.
RbS
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d» type Msts rsO,!- and Mttt Paos!s~ with each  other metallans which produceaimoar e8ectaaced much
snetalaaa aluminusa. 'Dto» grouplinls caa be repto- smaUcr amounts introducing a larger ancertaiaty in
eeatad get the exact determination of the desired concentration.

00 Since relatively hrge amounts are accessaryhs the
—~k-0L~ caseof magnesiunto bring about a rchxation phenome-
non under ~uilibrium conditions,it is thus easilypossible

d to eliminate thc interferenceof tb magaesiumlion with

tbe enzymeprocessequiTibriuta. Thc normal processof

/X relaxatioa aad contracture due to ATP ADP decompo-

. Lo Sition aadthe subsequenteleaseof the high energyphos-

'0'|SO'$'0' phate is thea reestablished.

If the equilibrium is pushedby adding extra amounts

, . . . of metal ioa, the formation of the actom>cassidATP Mg
Ihe formation of a chelatering of six atomsaddsto the  gomplex s primarily interfered with and thc oyster will

stability of toe grouping. die. Tbe amount of metal ioa necessaryto briag about
Magnesiumia water solutionis presentasthe hydrated  this death will vary froia metal ion to metal ion for

magnesiumioa and its structure and environmentis  thereasonexpresse@boveandvery small highly charged

completelydifferent from that of the ATP which con- metal ious such as Al 11! and Be I will do this
tains a sugar group., Thct{)resenceof this dissimilar _ ijn exceedinglysmall concentrations.
mediumakeg diScultfcr themagnesiuomto,0 " This meQiadof openingoystetabas provea 100% eKct-
enter into that part of the cell where the enzyme mecha- tive, on all sizes and shapes. The inherent property of
"nism occurs. However, if magnesium is in aslight alka- the utilization of glycogen enables this processto be used
line medium where its positive chargehas beensUgbtly {5 process the oyster most economically and justifiably
decreased due to the presence of complexed hydroxyl at the time of the year the oystersare the largest aad
groupst is nowpossibléo complexhis magnesiugy have the greatest food value.

hydroxy complexwith sugaror sugar-likemoleculessuch With the sbcUsthus opened, tbe oysters tire easily re-
as polysaccharides. moved by knife without danger of cutting tba body and

In tbe presencet thesecomplexingagentsthe entrance  jncurring weight loss duc to bleeding. Such an overall
of the complexedmagnesiuminto the enzymaticprocess  operation of chemically opening and hand shucking the
becomewastly accelerated.The Mg ATP complexgp openedoystersis very rapid. This is considering that

becomeslestroyedby further complexingwith the mag-  a manual operationis to foUow the chemical operation,
nesimn polysaccharide complexes. o As previously stated, the o>~cr is in no manner physi-
However, in the enzymatic cycle magncsiuin can also cally altered by treatment «alh magnesium chloride singly

bc iatroducedwithout adding polysaccharidcshecausen or wiih polysaccharide. The same cannot be stated for
certaiaseasonsf the year,tbe oysteritselfis known gg the present mass production of steaming where there is
to be high in glycogen a polysaccharidewhich can form temfic shrinkage and weight losses as high as 70%.

similar complexes vAth magnesium hydroxy complexes. KVhen the chemical meihod is compared to thc me-
Becausehe complex ion formation hasto occur in the  chanicalshockmethod,thereis a 100rceQieiencyf open-
oysteritself, the entrancein the enzymaticcycle becoines  ing for the chemical with no mutilation ascompared to un-
muchslower. Thusmusclerelaxatiorwill occurmuch <0 certain efficiencies of og~~g and possible shredding of

slower also. o oyster with the shock method. It must be stated that in
The magnesiumioa can also affectthe enzymecycle  the shock method, a>sters that have died with their ad-
an equilibrium process!in that increasef the concen-  ductor muscle fuUy contacted begin to gape only when

tratioa on the product side wiU increasethe stability of the muscle disintegrates.

the reactants,shifting the equilibrium to the left. Although we have disclosed herein the best forms of

the invenuon known to us at this time, we reserve the right

ATP+Enzym&Enzym-Photphat+ADP to all such modifications and changes as may come witbia

This would then stabilize the ATP complex aad prevent the scopeof the folioxang claims.

the formation of ADP and thus decrease the release of IVhat wc claim is:

energy needed for muscle contracture. '60 1. The process of chemically opening bivalve moUu ks
The magnesium ion can interact with myosin in the comprising placing the mcUusks ia an aqueous solution

restingmuscle by increasingthe positive chargeof the ~ Of a saltof the metal of the group of aluminum, coplMr>

myosinand thereby decreasinghe tendencyfor the acto- calcium, magnesiummanganesend -'nc having a solu-

myosin to form’ Magnesium hydroxy po]ysaccharide tlon specificgravity of theran~ of 1.004to 1,036baiang
complexes«ith the myosin giving a slight increaseia dg available metalrc icns of ~elesnents set forth above

the repulsive forces stabilizing the myosin and actin as loosely complexed for entering into cell reactioa ir. the
separateentities and thereby preventing the formation moUusks, maintainina tbe temperature of the soluUon
of the actomyosin Mg ATP complexes. within the range of 5C. to49 C, and nmiataining the
The eifect of metal ions in interfering with the enzyme pH of the soludon within arange of the order of 6.5 to
actions of the ATP ADP  processesis a function of the do 95 to open the moUusks. N _
size and charge of the metal ioa. This size and charge 2, The processof claim 1 further comprising the addi-
is «cU known to be amajor factor in tbe complexing tional step of adding wa'cr soluble pol>mccharides to the
ability of most metal ions. Group 1-A elements have solutica asa time reaction a~letator. o _
little or no elfect on the enzyme process and are not ~ 3. The process of claim 1 further comprising the addi-
specificfor any of the processesvhich were described 65 tional step of adding a pal>saccharide of the group of
above. Polyvalent ious with asize larger than magne- glucose, dextrin, maltose, dextrose and sucrose as a thne
siumin group 2-A seemto belongia thc samegroup as opening accelerator. ) ) _
thegroup I-A elements. hletal ionsother than thesetwo 4. The procesf openingbivalve o>~terf the species
groupshowever,would all interfere with all of the proc- Grassosrrea virginiea comprising placirg the oysters in aa
essesmentioned, but the rate and extent of interference 70 adueous solution of a salt of the metal of magnesium hav-
«auld di3'er niarLedly from mcial ion to metal ion, de- ing asolutioa specific gravity of ibe range of 1.01' to
pendinglirst upon its size and secondupon iis charge. 1.020 having avaihble m~Uic ions of inagnesiusn loosely
Far magnesiuin, relatively large amounts which can very complexed for eat'rin info cell reaction ia thc oysiers,

easilyand very correctly be analytically determinedare maintaining the temperature of the solution within ihe
neededo bring aboutthe relaxation of the muscle. All 7g range of 15 C. to 30' C., and maintaining the pH of
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- iha aalttgletdhii a mnemet the orderat 'f.l te %Sto  aqueousoiutioaf aaattof thetnetalof manganesev-
tressﬁlgs oystcti . . ing a solutionapcciliogravityot the rangeof 1.012%o

5. '%hpsocasa claind furthepomﬁr|3|ngeatep 1,%20avmgtvaJIa tallimnaf mangandsesely
ot aAQawagemalublgolysaccharidesthesolutioras onsnpiexefibr enteringinto cell reectioan toc oysters,
~ i&teeeactbtsoaaknior. dmaintaining the temperatureof the solution within the

i 'lbe processf openingystersf thespech&ras-  ranget 15'C.to 30 C.,andmaintainirigepH of
~eeOceskgf»k» comprising pbtciag the oystetaln an the solutiorkithln a rangeoi' the orderof 7.0to 9.Sto

aquaria aoltttioa of a salt of the metal of aiuminmn hav- open the oysters.
ing a aalatioa specilc gravity of tbe raage of 1.012t0 13.The proces®f claim 12 further comprisinghe
l\/?20 havmgtvallablmeta)(llmna)f aluminuixeself0 dditionatemf addingatesolublpolysaccharittes

ccaaplcttefbr enteringato cell reactionin the oysters,  ihesolutionasa limereactionaccelerator.
e o i angicr ha e e BH ST Grarsosremamicacomprismglachgheoyserian
opeaheoysters : : 16 aclueousolutgqnof a saltof tbemetalof zinchavinga

p7 Theproceséf chin 6 furthercomprisinthe addi- rolutioaspecifigravityof therangeof 1.012t0 1.020
tion'alstepof addingvatersolublepolysaccharidieethe havingvailablmetallimnsof zinclooselgomplcxed

e thae oot T for cateringtocclireactiora theoystersnaintaining
eog I?Snispa;ocaeesg? i)ge;};cg?)ssigrbf thespencé&res- tclge:[terg grca:ltureféhes,oltut[olethlnﬁhefr?rr]\ geofl lt5'|
svarreavirgiaicucomprisingplacingthc oystersin an 80 Witf?ina rand%? tﬁg‘cl)?dglrgll OFt)o 905t0%sp%rl%blga
aqueousonhttioaf a ssltof themetalof coppeihaving  gysters. ' '
a solution specificgravity of the rangeof 1.012 to 1.020 i iaj
havngvatab ool copbeoseizompioxed o iiepoCe B Clan LA heromerisite
{ﬁ&entenngntthcané:ﬁJrealct[[onn .EmeggSterS%ni%'%nQSS the solutionasa timereactionaccelerator

empera esolutiowithirtbe'ran 'C. ; i _

to 30" C and maintainiagthc pH of tbc "olutioa within a Soéﬁ'églgn? r?ig?ns Sta%ri]ﬁ&ggllgspsirggg;\gar:\éeCjé%sus
rangeof the order of 7.0to 9.Sto openthe oystcta. ; P 9. . at

9. Theprocessf claim8 furthercomprisinghe addi- solutioaof a saltof themetalof ‘thegroupof aluminum,
tionalstepof addingvatersolublepolysnccbaridisthe coppierpaluumfrsnagne5|%mg1angane?aa%zénchav6g%
solutiomsa timeréactioaccelerator. 30 n solutiorspeci6gravityof the rangeaf 1.0040 1.

10.Tbe processaf openingoystersof the species having available metallic ions of thc elementsset forth
Grassosrredrjrinicaconsistingf placingthe oysterin ~ abovelooselycomplexcdor enteringnto cell reaction
in the Grnssostreaaintaininghe temperaturef the

aa aqueoussolution of a salt of the metal of calcium € GIMSS ' ! _
havinga solutiospecifigravityof tbcrangeof 1,0120 solutiorwitbintherangeof S' C. to 49' C., andmaia-

1.02Mavincavailablmetallicousof calciuntooselyd6 tniniaghe pH of thc solutiorwithina rangeof the
complcxcdor enteringnto cell reactiorh the oysters, order of 6,5to 9.5to openthe Grassostrca.
maintaining tbc temperatureof thc solution within thc 17.Theprocessf claim16furthercomprisintpo
rangeof 15' C. to 30 C.,andmaintaininghe pH of  additionastepof addingvatersolublgolysacchnridts
the solutioawlthia a rangeof tbe order of 7.0to 9.5to thesolutionasa time reactionaccelerator.
opertheoyster. 40

d%j_l._Thgj;procfesgg_ claim 10 iuglher Icoriipgsia bc Referencesitedin theilla of this patent
additionastepof addingvatersolublepolywccbaridds
the solutioa as%)time reagtl;lon acceleratga. W UNITED STATES PATENTS

12.'Ihc processf openingoystersaf the species 2 041,727 Prytherattal. May26,936

Grastosrvaginiazomprisipigcinpooystensan 46 2'824:00S Strasburgcr Feb18.1958






