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ABSTRACT — The purpose of this study was to determine the kinetics of paralytic shellfish
poison (PSP) destruction at various temperature. The toxic digestive gland homogenate of blue
mussel (Mytilus edulis), PSP crude toxin, gonyautoxin group and saxitoxin group were heated at
temperature ranging from 90 to 120°C, and then the toxicities were measured in samples heated
for various time intervals. The rate constant (k) of the toxic digestive gland homogenate, PSP
crude toxin, gonyautoxin group and saxitoxin group were 3.28x 10% 1.20x 10% 5.88x 10? and 2.58
x 10? at 120°C, respectively. The decimal reduction time (D-value) of the toxic digestive gland
homogenate, PSP crude toxin, gonyautoxin group and saxitoxin group were 70, 192, 39 and 89
at 120°C, respectively. These results indicate that PSP crude toxin is most heat-stable of 4 types
of PSP toxins and PSP toxin are more heat-stable than food poisoning bacteria and spores. The
retorting condition to reduce PSP toxicity below quarantine limit (80 pg/100 g in Korea and Am-
erica, 4 MU/g in Japan) could be calculated by rate constant. For example, the digestive gland
homogenate having a initial toxicity of 200 ug/100 g could have toxicity below quarantine limit
when heated at 90°C for 129 min., 100°C for 82 min., 110°C for 48 min. and 120°C for 28 min.
These results suggest that commercial retorting condition (115°C for 70 min) in Korea is enough to
reduce toxicity below quarantine limit from initial toxicity of 200 pg/100 g. From these results, the
quarantine limit of PSP-infested shellfish for canning can be level up to raw score of 200 pg/100 g.
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Bivalves are often toxified with paralytic shellfish poi-
son (PSP) that is produced by some species of dinofla-
gellates and blocks sodium channel of nerve system."
PSP is accumulated in the digestive gland of bivalves,
such as blue mussel and sea scallop. Contamination of
commercially important shellfish with PSP poses serious
problem to shellfish and related industries in Korea and
other countries.

Attempts have been made to detoxify the accumulated
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PSP in bivalves. Of the several methods proposed for re-
moval of PSP from contaminated shellfish, heat treat-
ment has been most popular, although a large percent-
age of the incidents of PSP illness have been related to
the ingestion of cooked shellfish. Prakash er al. reported
that the total toxicity in a scallop was decreased by about
90% during canning process.” Noguchi et al. also de-
monstrated that a significant reduction of toxicity in the
Japanese scallop occurred during canning process.” In
the previous paper, we reported that the total toxicity in
a blue mussel and oyster were decreased by about 80%
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during canning process.” These findings indicate that
canning is useful and practical means to make PSP-in-
fested shellfish acceptable as food. The kinetics of ther-
mal destruction on various types of PSP toxins, however,
have not been reported quantitatively.

The purpose of this study was to determine and com-
pare the kinetics of thermal destruction on 4 types of
PSP toxins at various temperature.

MATERIALS AND METHODS

Materials

Specimens of the PSP-infested blue mussel (Mytilus
edulis) were collected from Koje bay, Kyoungnam Pre-
fecture, Korea and kept below -20°C. Toxic digestive
gland homogenate (41,600 pg/100 g) was prepared from
PSP-infested blue mussel. The blue mussels were wash-
ed, shucked and then the digestive glands were isolated.
The digestive glands were homogenized in a waring blen-
der. The homogenate was thoroughly mixed so that all
sub-samples taken from the homogenate would contain
identical toxicity. Crude PSP toxin was prepared from
the toxic digestive glands by A. O. A. C method.” Gony-
autoxin (GTX) group (GTX 1-6, 2,100 pg/100 g) and
saxitoxin (STX) group (STX, decarbamoyl STX and
neoSTX, 1,040 pg/100 g) were prepared from the toxic
digestive glands according to method of Onoue et al.”
and Chang et al.”

Purification of GTX group and STX group

Toxins were extracted at room temperature with 80%
ethyl alcohol acidified to pH 2.0 with hydrochloric acid.
The extracts were concentrated under reduced press and
washed several times with dichloromethane. The aque-
ous layer was adjusted to pH 4.0 with diluted sodium
hydroxide solution and then treated with small quantity
of activated charcoal until no toxicity was detected in
the filtrate. The charcoal column was washed first with
water and then with mixture of 1%-acetic acid in 20%
ethyl alcohol. The latter fraction was concentrated and
adjusted to pH 5.5 with diluted sodium hydroxide solu-
tion. The fraction was applied to column (6.5X65 cm)
of Bio-Gel P-2 (Bio-Rad Lab.). The column was eluted
at a flow rate of 3.0 m//min with about 1,000 m/ of wat-
er and then with 2,000 m/ of 0.15 M acetic acid. The
pooled toxic fractions were concentrated and lyophilized,
and the residue dissolved in 4 m/ of water was applied
to column (0.8X95 cm) of Bio-Rex 70 (Bio-Rad Lab.,

H* form). GTX group was eluted first with 0.03 N ace-
tic acid, and then STX group was eluted by linear gra-
dient elution with acetic acid (0.03~1.0 N).

Heating treatment

Thermal reduction time (TRT) experiments were car-
ried out on the 4 types of PSP toxins by dispensing the
puree into a series of 16X 150 mm screw-capped culture
tubes and heated at 90, 100, 110 and 120°C. In each
heating experiment, two additional tubes were prepared
with 14 cm CNL-type nonconducting thermocouples (O.
F. Ecklund, Cape Coral, Florida) inserted through the
culture tube caps and sealed with epoxy. Thus tem-
perature in the thermal center of the tubes were mon-
itored for thermal lag during the heating experiments.
The heating experiments were done in a thermostatically-
controlled ethylene glycol bath which was continuously
stirred. The TRT tubes were immersed in the ethylene
glycol bath at a given temperature and duplicate tubes
were subsequently removed at various time intervals.
The heated toxic digestive gland homogenate tubes were
immediately cooled in ice water and toxin extracts pre-
pared by the A. O. A. C. method.”

Toxicity assay

Toxicity was determined by a mouse bioassay method
for PSP, using ICR strain male mouse weighing 19~21
g. Five mice were used for each sample tested. Toxicity
and toxin composition were also assayed by the HPLC
method of Oshima.”

PSP standard toxin
The PSP standard toxin were obtained from Ph. D.
Yasukatsn Oshima (Tohoku University, Sendai, Japan).

RESULTS AND DISCUSSION

Thermal Reduction Time (TRT)

The rates of thermal reduction for toxicity of 4 types
of PSP toxins at 90, 100, 110 and 120°C are shown
Fig. 1. TRT curve show linearity of the semilog plot
of PSP toxicity remaining versus heating time with
high correlation coefficient. The PSP toxicity decreas-
ed with prolongation of heating time and elevation of
temperature, and decreased first order, as observed for
microorganisms. From these results, we found that the
crude PSP toxin was most heat-stable of 4 types of
PSP toxins.
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Fig. 1. thermal reduction time (TRT) curve of PSP.

Rate constant (k)

To determine the decimal reduction time (D-value)
and retorting condition for PSP in canning process, the
rate constant was calculated by using the data of TRT
curve. The rate constant (k) for 4 kinds of PSP toxins
are listed Table 1, and calculated from the linear regres-

Table 1. Rate constant (k) of various types of PSP toxins
from toxic blue mussel

Temper- Rate constant (k, se)

ature (I/T, Djgestive gland Crude PSP GTX STX

o -3 g

Kx10%) homogenate toxin group group
275 712x 107  2.08x 107 1.04x 107 4.58x 107
2.68 112X 107 4.16%x 107 1.84x107% 6.10x 107
2.61 1.92x 107 7.33%x10° 2.76x107 1.29% 107
2.54 3.28%10%  1.20%x 107 5.88x 107 2.58x 10°
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sion equations for each curve where :

Logl =— _k_ Xt
N,  2.303
k: Rate constant (sec™)
N,: Initial toxicity
N: Toxicity after heating for t
t: Heating time

The lower rate constant, the higher heat-stable. The
rate constant of toxic digestive gland homogenate, PSP
crude toxin, GTX group and STX group were 3.28 % 107,
1.20x 107, 5.88x 10° and 2.58x 107 at 120°C, respec-
tively. These results indicate that PSP crude toxin is most
heat-stable and GTX group is most heat-labile. The rate
constant of 4 types of PSP toxins also showed linear re-
gression with high correlation coefficient (Fig. 2).
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Fig. 2. Rate constant (k) for various type of PSP from
blue mussel.

The retorting condition can be determined from ther-
mal resistance of GTX group, because the toxic bivalves
of Korea, such as blue mussel and oyster, contain main-
ly GTX group. However, STX group which are higher
toxic PSP is formed from GTX group, such as GTX 5
and GTX 6 which are lower toxic PSP, when PSP tox-
ins were heated above 100°C and at neutral pH. The re-
torting condition, therefore, should be determined from
the thermal resistance of shellfish meat homogenate.

The retorting condition to reduce toxicity below qua-
rantine limit (80 ng/100 g in Korea and America, 4 MU/
g in Japan) of PSP could be calculated by rate constant.
For example, the digestive gland homogenate having a
initial toxicity of 200 pg/100 g could have toxicity be-
low quarantine limit when heated at 90°C for 129 min.,
100°C for 82 min., 110°C for 48 min. and 120°C for 28
min. (Table 2). These results suggest that commercial re-
torting condition (115°C for 70 min) in Korea is enough

Table 2. Retorting condition to reduce below quarantine
limit from initial toxicity of 200 pg/100 g

Heating time (min.)

PSP toxin
90°C 100°C 110°C 120°C

Digestive gland homogenate 129 82 48 28

Crude PSP toxin 440 220 125 76
GTX group 88 50 33 16
STX group 200 150 71 36

Quarantine limit: 80 pg/100 g in Korea and America, 4 MU/

g in Japan

to reduce toxicity below quarantine limit from initial tox-
icity of 200 ng/100 g.

In the current control program of Food Sanitation
Law of Korea, when PSP exceed 80 pg/100 g of edible
meat in any area, all areas in its class are closed to har-
vest shellfishes for all purpose. This might provide a
wide margin of safety to consumer but this would re-
duce many fishermen and processor's income. Possibly
the regulation should be relaxed somewhat, because there
are evidences from this study that raw shellfish with tox-
icity of 200 pg/100 g produces can scored less than
quarantine limit. In Canada, raw shellfish with toxicity of
80 to 160 pg/100 g has been permitted for only canning
since 1971. If the final toxicity of cans were below 80
1g/100 g, the cans can be released for marketing.”

From these results, the quarantine limit of PSP-in-
fested shellfish for canning can be level up to raw score
of 200 ng/100 g.

Decimal reduction time (D-value)

The D-values for 4 types of PSP toxins calculated by
rate constant are listed in Table 3. The D-values of crude
PSP toxin were higher at each temperature than any oth-
er toxins. These results also indicate that crude PSP toxin
is most heat-stable.

The D,y-values of PSP toxins were compared with D
1z1-values of bacteria and food component (Table 4). It
would appear that PSP toxins are much more heat-stable
than food poisoning bacteria and spores.

z-value

A thermal destruction plot of D-values versus heating
temperature were shown Fig. 3. The z-values for PSP
toxins were determined as -1/slope of the thermal des-
truction time (TDT) curve and were found to be little
different among 4 types of PSP toxins.

The z-values of PSP toxins were compared with those
of bacteria (Table 5). We found that PSP toxins were

Table 3. Decimal reduction time of various types of PSP
toxins from blue mussel

Decimal reduction time (D-value, min.)

Temperature ———
CC) Digestive gland Crude PSP GTX  STX
homogenate toxin group  group
90 323 1,107 221 503
100 192 554 125 378
110 120 314 83 179
120 70 192 39 89
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Table 4. D,,-values for PSP toxins and various food poisoning bacteria

Food Component pH D,,; (min.) Reference
Blue mussel PSP toxin®
Digestive gland homogenate 6.8 7. Present study
Crude PSP toxin 3.0 192 %
GTX group 5.5 39 %
STX group 55 89 ’
NS Clostridium botulinum A, B spores 7.0 0.1~0.2 9
N.S. Bacillus stearothermophilus spores >4.5 4.0~5.0 9
N.S. Putrefactive anaerobe 3679 >4.5 247 9
Milk Staphylococcus enterotoxin B 6.5 9.4 10

“D-values of PSP toxins are at 120°C
" Type of food not stated in reference
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Fig. 3. TDT curve for various type of PSP from blue mussel.

also much more heat-stable than those of food poisoning
bacteria and spores.

CONCLUSION

1. The crude PSP toxin extracted by 0.1 N HCl was
most heat-stable among 4 types of PSP toxins from rate
constant, D-value and z-value.

2. The PSP toxins were more heat-stable than food
poisoning bacteria and spores from D-value and z-value.

3. By the rate constant, digestive gland homogenate
having an initial toxicity of 200 pg/100 g had a toxicity

Table 5. z-values for PSP toxins and various food poison-
ing bacteria

Component z-value (°C) Reference

PSP toxin”

Digestive gland homogenate 45 Present study

Crude PSP toxin 40 ”

GTX group 41 %

STX group 39 "
Clostridium sporogenes 8~11 9
Clostridium botulinum 9~11 9
Clostridium thermosaccharolyticum  9.5~10 9
Bacillus stearothermophilus 7~10.5 10
Bacillus subtilis 6.5
Bacillus coagulans 10

below quarantine limit (80 pg/100 g) when heated at
90°C for 129 min., 100°C for 82 min., 110°C for 48 min.
and 120°C for 28 min..

4. By the retorting condition deduced from rate con-
stant, commercial retorting condition (115°C for 70 min)
in Korea is enough to reduce toxicity below quarantine
limit from initial toxicity of 200 pg/100 g.

5. From these results, the quarantine limit of PSP-in-
fested shellfish for canning can be level up to raw score
of 200 ug/100 g.
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