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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.



YS0dS1a

[

POV IV FOWIIVd 39OV
aNy aNY ONY any
ANIWYX3 INIWYX3 INIWYY 3 INIWYX]
S14430
(319vL dINYHS) i
NOILVHYd43S e TWAOW Y ——— 3
T13HS T13IHS SI493Q INILH0S
n-oom__. n_oONm = n_ocm -
MYHL g 37344 - 373344
TVIHAIY3d JINID0AHD WINY

ﬁ

d3LSA0

FIGURE 1

ROCESS

(FLOW DIAGRAM)

CRYOGENIC OYSTER SHUCKING P



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 O

3,013,883
Patented Dec. 19, 1961

CC

1

3,013,883
PROCESS FOR CHEMICALLY OPENING
BIVALVES
Clyde J, Welcker and Roland L. YWelcker, both of
1334 St. Bernard Ave., New Orleans 16, La.
No Drawing. Filed Oct. 17, 1960, Ser. No. 62,829
17 Claims, (Cl. 99-=111)

The present invention relates to the process and solu-
tions employed for chemically opening ovsters and other
mollusks for removal of the edible meats therefrom and
is 4 conlinuation-in-part of our similarly entitled applica-
tion Serial No. 5,110, filed January 28, 1960 (now aban-
doned).

Commercially, oysters are opened by hand, using a
knife, mallet, chisel, block or combination of all these
tools or knife alone depending upon the technigue of the
oyster shucker. In the commercia! uvster house, the
shucker in achieving speed sacrifices quality of workmun-
ship. ‘These oysters may be cut in other places besides
in the eve. The oysters which are completely processed
by hand ar¢ washed and then packed in contairers which
are refrigerated or frozen. The ovsters obtained in this
munner are fresh, whole and have lost no weight, Thz

" quality of the oysters can approach that of the oysters in

restaurants but usuzlly is lower.

Another commerciul method is to steam the oysters.
The oysters are steamed at temperatures of 240° F, plus,
at pressures of 12 p.sip. plus. The oysters under this
form of process are essentially cooked. There is a 60—
70% shrinkage in the oysters with an accompanying
weight loss. What is really achieved in the steam pro-
cess is that the adducior muscle clongates through the
process of heating. The heat cleaves the protein links
and the oysters open.  The adductor muscle is still fixed
to the shell. The steamed ovsters have to go (o humun
shuckers where they arc cut from the shells, The shuck-
ing opcration is very fest for the oysters are already
open. By this process very small oy sters can be murketed
which would be really difficult to completely open by hand.
These stewmed open oysters are wushed and further
coohked in the canning process.

The process of the present invention eliminaies the
manual work that has 10 be done upon a tightly closed
oyster shell when the hand shucking process is emploved.
It also avoids the shrinkage in the oyster meats which is
silendanl with the steam process, )

Busically, we provide solutions into which the closed
oysters may be dumiped and within a very short space of
time, one 1¢ three minutes, the ossters will open their
shells and the meat may then be removed therefrom
without the mathod of sieaming or muerually beating and
prying upon the ovsier shells, The chemicals in the
buth must be zecepiable 10 the oysters so that they will
crack their shells apen and the cysters will aotl immedi-
alely close and stay closed.  The ovslers may be mude
to want to open and to pump water. The chemical
changes must be fust acting, non-poisonous and must not
aller the physical appeurance of the ovsters or their taste.

We therefore have developed soiutions of varying con-
ventrations of waler soluble cuwbulivdrates, non-poisunaous
ard edible for human consumption. We have found
that the oysters cun be fattened and we have enlarged
the oyster body to such an <xient that it almost bulyes out
of the shell. This futtening siep tukes place with the
addition to the solution of polysaccharides which when
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the salinity of the water is controlled and thas water tem.
perature controlled, will result in a quickly faitened oyster.

As the result of our research program with oyster culti-
vation involving the morphology as well as th2 physiclogy
of the maoliusk, it become evident that oysters can be
chemically opened.  This chemical methed proved to be
highly ecffective, non-toxic and economically faasible,
This chemical process for opening oysters resulted through
an awareness of the necds and requirements of the oyster
and its relationshin 10 its environment. It became ob-
vious that the defenses of the oyster are formidable.
Forceful means are mel with great resistance by the
cyster, .

The very conditions that exist to mzke oysters thrive
would have to be a route of attack. Any chemical agent
that could be nsed and result in a marketable oyster maat
woutd have to be consurned by the oyster through the
living process, Therefore, the initial response of the
oyster to the agent must be favorable and conditions of
environment such as to affect body functioning at their
highest level. The oyster has to consume the agent and
build & consentration of it in the body sufficient to make
shell closure {(muscle contraction and/or nerve repsonse)
difficuit or impossible.

In our disclosure, all phraseology and verbs most cer-

tainly denote the oyster is alive prior 1o and during our
opening process.  Whether the oyster is alive or dead
upon removal from shell will be determined by extent
to which the process is allowed to conlinue, concentra-
tions and specific metal jon usad. This fina} status is
optional and at the discretion of the operator of the
process. ’
. All steps before application of opening process must be
in the dircction of the preservation of life. The manner
in handling should parailel the care and judgment used
in- trensplanting and/or seeding btads to insure greatest
yield.

Severe exposure to temperatures above 50° C. must be
avoidzd. Temperatures of a range of the order of 5° C.
lo 49° C. are operative whercas temperatures of 50° C.
or above ore Jethal to the oyster. Long exposures at 30°
C. will result in a 100% kill. Qvysters freeze approxi-
maltely at —2° C. with a cessation of body action. From
5-10° C. body functions and pumping rate is at a mini-
mum, With rising temperatures zbove 10° C., biclogical
action and pumping increase uniil upproximately 30° C.,
falling off sharply above this temperature.

Another fuctor which may injure or even kil an oyster
is rough or abusive physical handling. Sudden jarring or
tumbling must be avoided to insure rapid and unimpaired
reaction of oyster to the opening process. Unpecessary
or severe shoveling in freczing weather will kill oysters,
Severe tumbling will damage oysters and slow their re-
vival to a nermal aztivity. .

Should the jarring be severe enough to kill the oyster,
those with the shells in a closed position will stay closad
and open only upon decomiposition.

In order to best undersiood the development, it §s ad-
vantagoous to clearly picture the oyster (formerly Ostrea
now re-named Grassostrea).

The oyster is a member of the phylum of unimals, sheil-
fish, bivalves of the mollusk group, subgroup known as
Grassosirea.

‘The oyster consists of valves (half shells) jointed at
the pointed, nurrow end by  hinge with a body encased
by the valves. Purt of the body called the adductor
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musele (eye) forms 8 conneciive tissne between the two
s

A portion of the adductor muscle- serves as a latch
mechanism pulling the two valves together, thus closing
the valves. The edges of the valves maie perfectly.

The adductor muscle, when in the contracted state,
closes the two valves offsetting the hinge action of keep-
ing them apart due to the ligament orientation and ma-
terial construction. .

Ths two valves of the oyster are not the same size or
shape. ‘The left valve is more deeply concave-convex.
It is this Ieft side which is attached to some rock or
other material when the cyster first sets.  The right valve
is more flat and forms a lid or operculum to the stony
case formed by the lower valve. 'The soft parts of the
body are lodged in the deep cavity of the lower valve
and are covered by the flat operculum.

If an oyster is held sideways with the hinge away
from the observer and the flat operculum towards the
right band side, the upper is the dorsal side and the
lower the ventral; the posterior end lies toward the ob-
server and the anterior end away from him. Therefore
the two valves really represent the right and left sides
of the mollusk and zonsequently the flat operculun, is
spoken of as the right valve and the large fixed valve
as the left valve,

At the parrow or pointed end is a hinge ligament of
resilient material, formed like the shells, as ap excretion
from the living tissues of the oyster. The function of
the ligament is to cxert force in the direction to affect
the opening of the shells, This end of the oyster is
referred to as anterior,

The edge of the two valves mate in such 2 way that
the shells are perfectly engaged around the periphery
except in the very close proximity of the hinge liga-
ment, The hinge ligament is situated in a void or cavity
between the two valves. The position of departure of
the line of pzrfect mating of the two shells to form the
ligament cavily scrves as a fulcrum or pivotal point for
the opening and closing of the shells.

The hinge ligament serves as a spring pulling the two
valves together on ils side of the pivotal point and the
adductor muscle in the contrdcted state with jts greater
leverage (greater distznce on the posterior side from
the pivot) closes the shell.

The action of the hinge lipament is constant in the
direction of affecting an opening of the shells. To the
best of knowledge, this ligament is at no time under the
control of the mervous system and is in tension due to
its resilient structural material,

However, the adductor muscle is very much a part of
the body of the oyster. It is living tissue considered as
part of the anatomy of the body of the oyster receiving
a blood supply through a system of arteries and under
control of the nervous system.

A closer look at the adductor muscle reveals that it is
cotnposed of two masses, In the greater posterior posi-
tion is the smaller mass referred to as the voluntary
mascle, Jatch muscle, smooth muscle, tetani¢ or nacreous
part. This portion of the adductor muscle keeps the
shell closed. It is fast acting and is either in the con-
tracted state or relaxed. Its action is to release the shells
for the hinge ligament to open them or to contract and
completely offset the action of the licament,

The voluntary action of the nacreous portion of the
adductor muscle is stimulated into fast action (con-
traction) by the visceral ganglia of the nervous system.
Control of the nacreous adductor is through the visceral
ganglis.

The larger mass of the adductor muscle immediately
edjacent to the smaller portion and anterior to it is the
vitreons muscle, slow acting muscle or the involuntary
muscle. This portion of the adductor is under the initial
stimnli or direction of the cerebral ganglia receiving im-
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and tentacles sensing for favorable conditions imme-
diately external 1o the oyster.

The nerve impulses from the cerebral ganglia are di-
rected through the visceral ganglia to control the action
of the vitreous muscle to regulate the amount of gape
of the oyster.

It has been found that when the positioning of the
valves are under the influence of the vitreous adductor
muscle there are three distinct shell positions: 1st stape—
slightly apart for sensing of condition by cercbral ganglia;
2nd stage~valves midway apart for reduced amount
of pumping; and 3rd stage—where shells are greatest
apart for maximum pumping of the oyster, * :

It has been found that when an oyster has its shells
closed, its heart does not beat. Biochemical action oc-
curs, energy is consumed and any circulation is through
a process of osmo regulation.

In the closed position cell activity continues until
it reaches some critical minimum level whence a
stimulus is sent to the visceral ganglia releasing or plac-
ing the nacreous adductor muscle in a state of relaxation.
The shells part or gape. : .

Emphasis could be placed on the fact that energy is
being expanded to keen the adductor muscle in a state
of contraction and relaxation must occur for the living
oyster to once again build up its food supply so peces-
sary for body function and growth., The shells part
upon relaxation. The oyster then puinps water through
itself to extract food.

The shell parts and the cerebral ganglia sense the con-
dition of {he water for such factors as food cootent, con-
centration and dapperous materials or unfavorable con-
ditions, This sensing is done in stage 1 with the valves
slightly parted.

Depending upon the biochemical activity level of the
oyster, and water conditions, the cercbral ganglia can
control whether the shells are farthest apart for maxi-
mum pumping or at an intermediate condition.

Any unfavorable external condition sensed by the
cercbral ganglia is fed into the visceral ganglia and
thence to the macreous adductor muscle for immediate
contraction and valve closure.

Stimuli for valve closure may commence from any part
of the body served by the nervous system which would
feed into the visceral ganglia not involving the cerebral
ganglia.  This would be as in the case when the oyster
has fed sufliciently.

Since the oyster is sedentary, food must be in the water
in close proximity so that by motion of the cilia of the
oyster, water is pumped to extract oxygen, minerals and
food matter,

Low oxygen and food concentration calls for large
quantities of water to be pumped. Conversely, large
concentrations call for smaller quantitics of water.

Dapgerous materials or water conditions result in the
oyster closing and staying closed until death and decom-
position. The oyster just can’t move itself to more
favorable water bottoms,

We have found that oysters thrive best in water whose
mineral or salinity content is within definite limits, suffi-
cient food to sustain life, well aerated, non-polluted and
where water temperatures are sustained long enough in
their spawning limits. Water temperatures too great
stunt growth and if too high will actually kill oysters.

Each species of oyster bas an oplimum temperatute
range for pumping activity which is also indicative of
other biolopical funciions such as heart beat rate. We
found with the oyster—Grassostrea virginica—this ac-
tivity temperature range was 15-30° C.

The Grassostrea virginica will have a specific favorable
temperature depending upon the geographical latitude and
location they abound in and for the scason of the year,
The differeat varieties of Grassostrea will also bave a
temperature range associated with the specific sub-group

pulses from nerve cells on the esophageal arca, gills, flaps 75 for the geographical and seasonal conditions.
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It became evident with numerous experiments at differ-
ent limes of the year, different concentrations and tem-
peratures that a certain pattern or underlying requirement
gave best results.

What is most desired is for the oyster 10 open and pump
the solution. The conditions shouid be most favorable
to the sensing facilities of the oyster.

We received optimum resulis when temperatures were
within 25-30° C. for Grassostrea virginica. The heart
beats faster, more walter is pumped which resulted in a
faster build-up of our desired reagent in the oyster.

The overall salinity of the test solution was held within
the optimum salinities for the oyster growing area—1.012
10 1.020 spacific gravity hydrometer readings. Any dras-
tic change in the salinity was avoided. The process of the
present invention is operative through a sulinity range of
1.004 10 1.036 (hydrometer).

We are using the term salinity to refer lo total sall
conteni of the water,

In formulatir.g our solutiops, we kept in mind the
practicalness of using the fresh potable water that may be
available in the locale of the operation. For ail intcals
and purposes, municipal water supplics will be considered
as fresh water and any dissolved matter ncgligible. If
this should not be the case and the dissolved materials are
excessive, then they should be taken into account.

Test solutions in New Orleans, Louvisiana were made
with city water which is mildly alkaline in pH. Sufficient
desired s2It was added to give the specific gravity desired.
It was found that the use of a specific gravity float or
hydrometer gave good correlation with chemical con-
centration on such basis as nermality and ppt.

MgCl; salt possesses excellent properties in as much
as the salt atone need be added to bring the gravity read-
ing into the desired range provided the pH is of the cor-
rect value. 'The addition of a suitable acid or base such
as HCI or NaOH respective will modifv the pH. MgCly
additions to New Orleans water did not require any pH
correction.

As an example, for a specific gravity rezding of 1.020—
MgCly was slowly dissolved in New Orleans city water 1o
bring it 1o the proper value by hydrometer readine, The
pH remained on the alkaline side and no pH correction
was nceded.

No greater difficulty was involved with manganese, zinc
and calcium chloride.

Where the salt will impart acidic conditions to the solu-
tion through hvdrolysis depressing the pH below 6.5,
slight base (WaOH) is added and acration controlled to
prevent precipitation from solution. For such salts, the

limit of solubility will be controlled by pH, degree of

aeration and bufferine action of the solution.

Acid solution conditions are easily detected in the taste,
physical appearance ond feel of the oyster. If the [H*]
fon concantraticn is sufficient in Hself to exert hydrolytic
action on muscle consiiwents, the resulting oyster meat is
not markectakle.

Since it is the aim of cur press to achieve the desired
resulis through the action of a mulivalent metal ion, it
is considered incompatible and non-desirable that the
action of [H*] conrentrations be at pH's below a pH of
6.5, It has proved advantageous to have neutral to aika-
line solutions in the broad range of 6.5 through 9.5,

For the more active metalic jon (caticns) such as
aluminum, copper and zinc, their multivalent cation con-
centration is much smaller thaon foer mangancse, mag-
pesium and calcium.  Their individual concentrations im-
pert only a fraction of the overall salinity for a favorable
condition affecting the oyster, For these salts, the specific
gravity has been zdjusted by the addition of the mono-
valent jons from the sali sodium chioride,

The specific gravity of 1.012 (o 1.020 represents an opti-
owm range for oysters grown in the Gulf Coast region.
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6
‘Fhis value will change with geographic location and
variety of oyster.

Oysters at different times of the year and in different
phases of development, will possess a greater or lesser
tolerance for salt concentrations. At cerain timss in the
summer and winter the specific gravity of tests reached
1.036.

In practical operations, preliminary tests should be con-
ducted for the specific variety of oyster, state of develop-
ment and correspending condition of geographical Jocale
as to give salinity values for optimum time to opening of
oysters, '

Separate oysler tests with varying salinities established
an optimum salinity for the oyster handled,

Excessive concentrations of NaCl or KCI by themselves
serve to cause shell closure and death of oyster with ac-
companying decomposition before shell opening.

To insure a suppiy of oxygen, the (25t solutions were
aerated using equipment normally found in aquarium sys-
tems.

To serve as food, soluble carbohydrates were used.
Polysacebarides were most easily obtainable and the fol-
lowing were used. All tested were found acceptable:
glucose, dextrin, maltose, dextrose, sucrose (separatzly
and in combination).

Initial tests were conducted with the above mentioned
polysaccharides and it finally developzd that 2 proprietary
preduct known as Cartose (a dextrin hase commerciaily
employed as a baby food) gave excellent results, was easy
to use and pave a solution that laoked and smelled like
the natural meso-polyhaline waters.

Oysters were kept in solutions of known temperatures,
salinity and polysaccharide congentrations 1o observe their
behavior. This was condusted with oysters at different
times of the year.

‘The oysters were placed in separate solutions contain-
ing the chloride salts of aluminum, copper, zine, mag-
nesium, manganese and calcium,

While we have uscd the term “salt,” it will be under-
stood that the word “salt” includes not only the chloride
or chlorate of the elements above identified but alzo in-
cludes the sulphate, phosphate, acetate, nitrate, floride
and bromide.

This word “sali™ is a collective term but it must he
soluble in solution. It also must be loosely coordinated.

The element or metal of .the sali employed must be
soluble and its ions joosely coordinated and capable of
stabilizing the pyrophosphate structure of the adductior
muscle.

All of the above salts affected opening of the valves
and eventually permanent opening of the valves.

For equal concentration. the fastest reactions were
with aluminium: then secondly, copper; with zinc very
close to it; thirdly. magnestum and mangznese. It is our
finding that magnesium and mangansse reaction rates are
very similar. Caleium reacted very slou]y and the timz
for permanent valve oponing was many times slower than
those for the other reagents.

Upon evaluation of the findinzs using various salts,
tests were conducted to fill in additional data using maz-
nesivm chloride (MgCly) as the active reagent affecting
valve opening.

Various concentrations were ussd to determine mug- -
resinm chloride exposure time apd the overall effect on
the oyster. Beyond a definite conceniration, in a pH
range of the erder of 7.0 to 9.5, the effect is irreversible
and the valves s1ay open and the ovsters ara killed.

It is noticed that the opening and closing of the oyster
becomes very stuggish at low concentrations. The next
efiect of increased concentration is a prolonzed shell open-
ing with very little reflex action remaining in the sensing
mechanism of the ovster. If the avster is taken cut of
the solution and submerped in a normal solution for
oyster cultivation and the shells forced to open and close
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by pressing of (he shells with one's fingers, eventually the
adductor muscle revives and the oyster can once again
be brought to & normal condition. These concentrations
are within the equilibrivm life cycle of the oyster,

With the use of magnesium chloride and the polysac.
charide, there are no harmful effects to the oyster. It is
edible, there are no toxic effects and the oysters were mc-
cessfully refrigerated. There is no apparent discolora-
thon, -

The fastest scting agent alominum chloride (AICY,)
in sufficient concentrations can literally- tear the oyster
to pieces. Too strong a concentration of aluminum, zine,
copper and manganese can cause deterioration of oyster
body and bloating of gills. If such a concentration exists
for magnesinm, it was never reached in our tests.

At the time of the year when oOysters are very high
in glycogen, the polysaccharide could be omitted and the
reagent worked alone. At the time of lowest glycogen
content, for the same reaction time the polysaccharide
proves most useful,

At both times, for equal concentrations, the presence
of polysaccharides increases the reaction rate 2s a time
reaction accelerator of opening accelerator and decreases
the time required for valve opening.

In the normal state of oyster muscle action, we find in
the muscle at the side of myosin a triggering mechanism
in which actin plays a prominent role. According to ex-
peciences, the resting muscle contains no sctomyosin, but
coptains actin and myosin side by side, kept apart by the
subtle balance of attractive and repulsive forces with

10

0

# slight predominance of repulsion. These repulsive -

forces are electric and the ATP (linked to myosin) plays
with its four negative charges, a leading role. This bal-
ance of forces is destroyed, for an instant by excitation
whereupon actin and myosin form sctomyosin. In the
actomyosin thus formed the terminal phosphate bond
P—O-—P of ATP becomes split and its energy put into
action. Relaxation involves the rephosphorlation of the
ADP into ATP which, with its four charges restored,
pushes actin and myosin apart whercupon the free myosin
particles rebuild their water stroctures apd streich out
into filaments again, thus becoming ready for a new
contraction. .

ATP is adenosine triphosphate. ADP is adenosine di-
phosphate,

The ATP molecule

+
|
N

(E9

Electron pairs 1T electron of conjugated double bond are
source of E*
E-—=chemical bond energy

At points where arrows are shown, molecule has ability
to change its shape and curl up.

N! of the NH; group at position 6 and N at position 7
come into close position to the O of the two OH? units
when molscule curls up. This curling up occurs in con-
traction of muscle.

Mpyosin is a protein whose molecule is a thin filament.
The myosin molecule is proposed to be further divided
into meromyesin L and H; L and H stapding for light and
heavy respectively, The H meromyosin is plumper and
upon precipitation, scttles faster, It is further proposed
that the myosin molecule consists of one H meromyosin
and two L meromyosins in a chain.

Actin is a typical globular protein capable of being
polymerized from the G (globular) to the B {fiber) actin.
Actin, as a proteinous material, is charged more nega-
tive than myosin.
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The release of the energy of the chemical bord of
the P==O—P link (12,000 cal.) is effected through the
formation of a magnesium complex with ATP. Mag
nesium is available from an enzyme substrate. The reac-
tions in a norma! muscle are equilibrium reactions. This
magnesium complex can be picture as follows:

1]
o Ta S
Hy

/ .
4] 0
P
0 [+]
o-i_o Mg—Acto—
6 \myadn

The dotted line indicetes 1he breaking of the P—O~P link.
Rest: Actin4Myosin—ATP!

Extitetion: Actomyosir--ATR!t
Contraction: Actomyosin—ATP,

Relatstion; Actomyosin~ATP =2 Actomyosic ADP+ Phosphate
Actomyosin—ADP4CPEE Actomyosin—ATPIH-C

Actin+Mrotin—ATP

The energy released during this process is used by the
muscle to contract. This breaking of the epergy rich
phosphate is enzymatically promoted by the magnesium
ion which is known to form a stable complex.

When the terminal P—O link is broken and the bond
energy released, actomyosin—~ADP is formed. The mag-
nesium complexes with the enzyme substrate. In nor-
ma] muscle action the ADP attached to ths contracted
actomyosin will attempt to reform ATP by reacting with
another molecule of ADP or with a molecule of CP,
Only upon the reformation of ATP does the original com-
plex reform, re-establishing the system of actin, myosin—
ATP magnesium complex.

When foreign metal ions or additional magnesivm ions
are introduced in excess over the normal magnesium con-

OB
i—OH

8

()

centration, this jonic increase will produce an interfer-
ence with the decomposition of the original actin, myotin
ATP complexes. Three phosphate groups containing 2
total negative charge of four are present in the ATP mole-
cule attached to the enzyme. These negative charges
are peatralized by one magnesium jon in the enzyme com-
plex leaving an additionat two negative charges which wili
permit the addition of another magnesium jon.

The additional magnesium jon stabilized the

O—P--0—P—0

link through the formation of a pyrophosphate which iy
known to be a very stable link as shown in the analytica]
determination as magnesium pyrophosphate. This effec-
tively prevents the breaking of the terminal P—O—-P
bond and the release of {ts bond energy under normal con-
ditions., Since this bond is not broken and no eaergy is
released, muscle contraction will oot occur. The muscle
will remain in its relaxed state,

_Pyrophosphate form complexes of the type MT(P,0)=
with divalent ious such as magnesium and complexes of
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the type MTI(P,0,)~ and MT(P;0,),~¢ with such

metals a3 sluminum. These groupings can be repre-
sented as:
0- -0
-o-—i-—o—)!-—o— —o-i'—o-s—o—.
\M/
o/ No
-.O—L—o-l-o-

The formation of a chelate ring of six atoms adds to the
stability of the prouping.

Maguesium in water solution is present as the hydrated
magnesium jon and its structure and environment is
completely different from that of the ATP which con-
fains a sugar group. The presence of this dissimilar
medium makes it difficult fer the magnesium ion to

enter into that part of the cell where the enzyme mecha-

* nism occurs, However, if magnesinm is in a slight alka-
line medium where its positive charge has been slightly
decreased due 1o the presence of complexed hydroxyl
groups, it is now possible to complex this magnesium
hydroxy complex with sugar or sugar-like molecules such
as polysaccharides.

In the presence of these complexing agents, the entrance
of the complexed magnesium into the enzymaltic process
becomes vastly accelerated. The Mg ATP complex
becomes destroyed by further complexing with the mag-
pesium polysaccharide complexes.

However, in the enzymatic cycle magoesium can alse
be introduced without adding polysaccharides because in
certain seasons of the year, the oyster itself is known
to be high in glycogen, a polysaccharide which can form
similar complexes with magnesium bydroxy complexes,
Because the complex jon formation has to occur in the
oyster itself, the entrance in the enzymatic cycle becomes
much slower. Thus muscle relaxation will occur much
slower also.

The magnesium jon can alto affect the enzyme eycle
(an equilibrium process) in that increases of the concen-
tration on the product side will increass the stability of
the reactants, shifting the equilibrium to the left.

ATP+Enzym=Enzym-Photphat+ADP

This would then stabilize the ATP complex and prevent
the formation of ADP and thus decrease the release of
energy needed for muscle contracture.

The magnesium ion can intcract with myos[n in the
resting muscle by increasing the positive charge of the
myosin and thereby decreasing the tendency for the acto-
myosin {0 form. Magnesium bydroxy polysaccharide
complexes with the myosin giving a slight increase in
the repulsive forces stabilizing the myosin and actin as
separate entities and thereby preventing the formation
of the actomyosin Mg ATP complexes.

The effect of metal ions in interfering with the enzyme
pctions of the ATP—ADP processes is a function of the
size and charge of the metal ion. This size and charge
is well known to be a major factor in the complexing
ability of most metal jons. Group 1-A elements have
little or no effect on the enzyme process and are not
specific for any of the processes which were described
above, Poiyvalent ions with a size larger than magne-
sium in group 2-A seem to belong in the same group as
the group 1-A clements. Metal jons other than thess two
groups, however, would all interfere with all of the proc-
esses mentioned, but the rate and extent of interference
would differ markedly from metal ion to metal ion, de-
pending first upen its size and second upon its charge.
For magnesium, relatively large amounts which can very
easily and very correctly be analytically determined are
needed to bring about the relaxation of the muscle. All
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other metal fons which produce similar eflects need much
smaller amounts introducing a larger uncertzinty in
the exact determination of the desired concentration,

Since relatively large amounts are pecessary in the
casa of magnesium to bring about a relaxation phenome-
non under equilibrium conditions, it is thus easily possible
to climinate the interference of th: magnesium ion with
the enryme process equilibrinm, The normal process of
relaxation and contracture due to ATP—ADP decompo-
sition and the subsequent release of the high energy phos-
phate is then re-established.

If the equilibrivm is pushed by adding extra amounts
of metal ion, the formation of the actomyosin ATP Mg
complex is primarily interfered with and the oyster will
die. The amouat of metal jon necessary to bring about
this death will vary from metal jon to meta] ion for
the reasons expressed above and very small highly charged
metal ions such as Al (111) and Be (11) will do this
in exceedingly small concentrations. _

This method of opening oysters has proven 100%% effex-
tive, on all sizes and shapss. The inherent property of
the utilization of glycogen enables this process to be used
to process the oyster most economically and justifiably
at the time of the year the oysters are the largest and
have the greatest food value,

With the shells thus op2ned, the oysters are easily re-
moved by knife without danger of cutting the body acd
incurring weight loss due to bleeding, Such an overall
operation of chemically opening and hand shucking the
opened oysters is very rapid. This is considering that
a manual operation is to follow the chemical operation.

As previously stated, the oyster is in no maoner physj-
cally altered by {reatment with magnesium chloride singly
or with polysaccharide. The same cannot be stated for
the present mass production of steaming where there is
terrific shrinkage and weight losses as high as 70%5.

When the chemical method is compared to the me-
chanical shock method, thers is a 100% cfiiciency of open-
ing for the chemical with ao mutilation as compared to un-
certain efficiencies of opening and possible shredding of
oyster with the shock methed. It must be stated that in
the shock method, oysters that have died with their ad-
ductor muscle fully conirected begin to gape only when
the muscle disinteprates.

Although we have disclosed herein the best forms of
the invention known to us at this tims, we reserve the right
to all such modifications acd changes as may come within
the scope of the following clzims.

What we claim is:

1. The process of chemically opening bivalve moliu<ks
comprising placing the imollusks in an aqueous solution
of a salt of the metal of the group of aluminum, copper,
calcium, magnesium, manganese and zinc having a solu-
tion specific gravity of the range of 1.004 10 1.036 havicg
available metallic ions of the elements set forth above
loosely complexed for entering into cell reaction in the
mollusks, maintaining the %emperature of the solution
within the range of 5° C, to 49° C., and maintaining the
pH of the solution within a range of the order of 6.5 to
9.5 1o open the mollusks.

2. The process of claim 1 furtber comprising the addi-
tional step of adding wazer soluble polysaccharides 1o the
solution as a time reaction accelerator.

3. The process of claim 1 further comprisicg the addi-
tional step of zdding a polysaccharide of the group of
glucose, dextrin, maltose, dextrose and sucrose as a time
openiag accelerator.

4. The process of opening bivalve oysiers of the spacies
Grassostrea virginica comprising placing the oysters in an
aqueous solution of a salt of the metal of magnesium hav-
ing a solution specific gravity of the range of 1.012 to
1.020 having available matallic ions of magnesium looscly
complexed for entering into cell reaction in the oysters,
maintaining the temperature of the solution within the
range of 15° C. to 30° C., and maintaining the pH of
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- the solution whhin & range of the order of 7.0t0 9.5 to
5. The process of claim 4 further comprising the step
of sdiiing waler soluble polysaccharides 1o 1de salution as
. a time reaction accelerator, e
& Ths process of opening oysters of the species Gras-
sutires virginica comprising placing the oysters in an
aqueochs solution of a salt of the metal of atuminum hav-
ing a solution specific gravity of the range of 1.012 to
1.020 having available metallic ions of aluminum loosely
complexed for entering into cell reaction in the oysters,
maintaining the temperaturs of the solution within the
range of 15° C. 0 30* C,, and maintaining the pH of
the solution within a range of the order of 7.0 to 9.5 to
open the oysters.

7. The process of claim § further comprising the addi- -

tional step of adding water soluble polysaccharides to the
solution a3 a time reaction accelerator., .

8. The process of opening oysters of the species Gras-
Sostrea virginice comprising placing the oysters in an
aqueocus solution of a salt of the metal of copper having
a solution specific gravity of the range of 1.012 to 1.020
having available metallic ions of copper Joosaly complexed
for entering into cell reaction in the oysters, maintaining
the temperature of the solution within the range of 15° C.
to 30* C., and maiataining the pH of the solution within a
range of the order of 7.0 to 9.5 10 open the oysters.

9. The process of claim 8 further comprising the addi-
tional step of adding water soluble polysaccharides 10 the
solution as a time reaction accelerator. :

10, The process of opening oysters of the species
Grassosirea virginica consisting of placing the oyster in
an aquecus solution of a salt of the metal of calcium
having 8 solution specific gravity of the range of 1.012 to
1.020 having available metallic jons of calcium loosely
complexed for entering into cell reaction in the oysters,
paintaining the temperature of the solution within the
range of 15° C, to 30° C., and maintaining the pH of
the solution within a range of the order of 7.0 to 9.5 1o
open the oysters.

11. The process of claim 10 further comprising the
additional step of adding water soluble polysaccharides to
the solution as a time reaction accelerator.

12. The process of opening oysters of the species
Grassostrea virginica comprising placiag the oysters in an
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- squeous solution of _l.llll of the metal of manganese hav.

ing a solution specific gravity of the range of 1.012 to

~ 1,020 having available metallic ions of manganese loosely
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complexed for entering into cell reaction in the oysiers,
maintaining the temperature of the solution within the
range of 15° C. to 30° C,, and maintaining the pH of
the solution within a range of the order of 7.0 10 9.5 1o
open the oysters.

13. The process of claim 12 further comprising the
additional siep of adding water soluble polysaccharides to
the solution as a (ime reaction accelerator.

14. The process of opening oystert of ithe species
Grassostrea virginica comprising placing the oysters in an
aqueous solution of a salt of the mctal of zinc having a
solution specific gravity of the range of 1.012 to 1.020
having available metallic jons of zine loosely complexed
for eotering into cell reaction in the oysters, maintaining
the temperature of the solution within the range of 15°*
C. 10 30° C, and maintaining the pH of the solutign. .
within a range of the order of 7.0 to 9.5 to open !g:
oysters,

15. The process of claim 14 further comprising the
additional step of adding water sofuble polysaccharides to
the solution as a time reaciion accelerator.

16. The process of chemically opening bivelve Gras-
sostrea comprising placing the Grassostrea in an aqueous
solution of a sait of the metal of the group of aluminugs,
copper, calcium, magpesium, manganese and zinc having
a solution specific gravity of the range of 1.004 1o 1.036
having available metallic fons of the elements set forth
above Joosely complexed for entering into cell reaction
in the Grassostrea, maintaining the temperature of the
solution within the range of 5° C. to 49° C., and main.
taining the pH of the solution within a range of the
order of 6.5 to 9.5 to open the Grassostrea.

17. The process of claim 16 futther comprising the
additional step of adding water soluble polysaccharides to
the solution as a time reaction accelerator.
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