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Summary

I. Title

Studies on Establishment of Approval Toxin Amount in Paralytic
Shellfish Poison-Infested Shellfish for Processing

II. Purpose and significance

Paralytic shellfish poison (PSP) has been a serious problem for
a long time in many parts of the world. The sporadic and
unpredictable outbreaks usually cause serious health hazards and
great losses to the seafood industry. The toxins accumulate in
shellfish as a result of ingestion of toxic dinoflagellate such as
Alexandrium catenella and Alexandrium tamarense. Much of the
early history of PSP was reviewed by Halstead (1965) where over
900 cases and over 200 fatalities are listed from various countries
between 1689 and 1962. In late May, 1986, two men were died by
ingesting wild sea mussel, Mytilus edulis, grown at bottom of an
anchored waste ship to be dismantled at Gamchon Bay, Pusan,
Korea (Chang et al, 1987) and two men were also died by
ingesting wild sea mussel, Mytilus edulis, grown on breakwater
on 15th May, 1996, at Weopori, Kdje, Korea (Sin-Kyeongnam Ilbo,
1996). Contamination of commercially important shellfish with PSP
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poses serious problems to shelifish and related seafood industry.

Of the several methods proposed for removal of PSP from
contaminated shellfish, heat treatment has been most popular,
although a large percentage of the incidents of PSP illness have
been related to the ingestion of cooked shellfish. Prakash et al
(1971) reported that the total toxicity in a scallop was decreased
by about 90 % during canning. Noguchi et al. (1980a, b) also
demonstrated that a significant reduction of toxicity in the
Japanese scallop Patinopecten yessoensis occurred during retorting
and that a slow but steady reduction of the remaining toxicity in
canned scallop occurred during storage. However, reductions of
PSP by toxicity level have not been reported during boiling and
various canning processes.

Saxitoxin (STX), first isolated from Alaska butter clams,
Saxidomus giganteus and léter from California mussels, Mytilus
californianus (Schantz et al, 1957), was thought to be the only
toxic principle produced by the causative organism Gonyaulax
catenella. Recent studies, however, have shown that the toxicity is
caused by a group of closely related compounds and that STX did
not ever constitute the major component in many cases (Shimizu
et al, 1975). More than 20 analogues of STX have been reported
to occur naturally, including the deoxydecarbamoyl group recently

found in the dinoflagellate Gymnodinium catenatum (Oshima et al.,
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1993).

In Korea, the toxins contained gonyautoxin (GTX) 1, GTX2,
GTX3 and GTX4 as the major components in sea mussel, Mytilus
edulis, causing food poisoning accident in May, 1986 at Pusan
(Chang et al., 1987), and the toxins contained gonyautoxin (GTX)
1, GTX2, GTX3 and GTX4 as the major components and GTXS8
(C1), epi-GTX8 (C2), STX and neoSTX as minor components in
sea mussel, Mytilus edulis, at Jinhae Bay (Lee et al, 1992).
However, comparison of toxin components .of sea. mussel and
oyster, and change of toxin components during canning process
have not so far been reported.

In this study, we report the detoxification methods for
PSP-contaminated shellfish acceptable as food, . and the toxin
components of sea mussel and oyster causing’ the death: accident
in May, 1996 at Woepori, Kéje, Kyeongsangnam Prefecture, Korea

and change of toxin components during canning process.

. Results and Recommendations

PSP was detected mainly in spring (February~May) at
Jindong and Chilhundo, Kyungnam Prefecture from 1996 to 1997.
The toxicity of PSP-infested blue mussel and oyster were ranged

from 36~1663 1g/100 g. Experiments on detoxication of PSP-
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infested sea mussels, Mytilus edulis and oyster, Crassostrea
gigas were performed for using of available processing resource.
Changes of paralytic shellfish toxin components and specific
toxicity during canning process were also investigated by high
performance liquid chromatography. Toxic specimens of sea
mussel, Mytilus edulis and oysters Crassostrea gigas from
Nampo, Masan Bay, Hachong, Ko&je Bay and Woepori, Koje,
Kyeongsangnam Prefecture, Korea, were used. The lower toxic
sea mussels (A, 84 ©g/100 g; B, 166 ug/100 g; C, 295 ug/100 g; D,
557 1g/100 g) and oysters (740 £g/100 g) were reduced less than
the quarantine limit of 80 1g/100 g or undetected level by mouse
bioassay after boiling (98 C, 10. min) and retorting. (115 C, 70
min) although the higher toxic sea.mussel (E, 8760 ug/100 g)
remained more than quarantine limit after boiling (98 T, 10 min)
and retorting (115 T, 70> min). These results suggest that
quarantine limit of 80 pg/100 g can be level up to raw scores of
160 ug/100g.

In case of mole%, the frozen shucked sea mussel contained
large proportion of. gonyautoxin 1 (275 mole%), followed
gonyautoxin 8 (Cl, 23.0 mole%) and epi-gonyautoxin 8 (C2, 23.0
mole%) while the frozen shucked oyster contained large proportion
of C1 (29 mole%) and C2 (22 mole%), followed gonyautoxin 2

(16,7 mole%). Both samples showed the presence of minor



amounts of saxitoxin and neosaxitoxin. On the other hand, in case
of specific toxicity, the majority of the toxin present consist of
gonyautoxin 1-4 in both sample. The toxicity% of gonyautoxin
1-4 were 88% and 84% in sea mussel and oyster, respectively. It
was found that Cl, C2 and gonyautoxin 4 were decreased initially
with heat treatment, followed by gonyautoxin 1 and gonyautoxin
3. Saxitoxin and decarba- moylsaxitoxin were most thermostable
toxin of all toxin components.

The toxic digestive gland homogenate of blue mussel, PSP
crude toxin, GTX group and STX group were heated at
temperature ranging from 90 to 120 T and toxicities measured in
samples heated for various time intervals. The rate constant (k)
of toxic digestive gland homogenate, PSP crude toxin, GTX group
and STX group were 328%107 120x107% 588x107 and 258X
10?2 at 120 C, respectively. By the Arrhenius equation, the
decimal reduction time (D-value) of toxic digestive gland
homogenate, PSP crude toxin, GTX group and STX group were
70, 192, 39 and 83 min. at 120 TC, respectively. By a thermal
destruction plot of D-value vs. time of heating, the z-value of
toxic digestive gland homogenate, PSP crude toxin, GTX group
and STX group were 45, 40, 41 and 39 C, respectively. These
results indicate that PSP crude toxin is most heat-stable toxin of

all.



From above results, we recommend to level up the quarantine
limit of 80 ug/100 g to raw scores of 160 ug/100g for canning

process under commercial sterilization condition (115 C, 70 min).
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Fig. 1. Sampling stations of sea mussel and oyster.
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Table. 1. Distribution of PSP from blue mussel collected at Jindong
and Chilchundo in 1996

Toxicity (48/100 g)

Sampling Chilchondo area Jindong bay
date

Hachung Changmok Taegok  Naesanri Songdo Kubokri Nampo

Feb. 26-27 NDV 42 ND ND ND ND ND
Feb. 26-27 36 43 43 ND ND ND 37
Mar. 12-13 129 52 40 38 ND ND 40
Mar. 21-22 146 45 110 44 40 40 38
Mar. 28-29 59 61 ND 120 145 126 110
Apr. 3-4 130 56 55 677 1,119 349 328
Apr. 12-13 174 578 489 3200 570 435 203
Apr. 22-23 147 318 526 526 245 249 176
May 13-14 82 8760 1663 122 54 73 140
May 27-28 32 215 361 33 32 42 68
Jun. 3-4 ND 53 258 ND ND 32 38
Jun. 17-18 ND ND 38 ND ND ND ND
| ND ND

Ju. 1-2 ND ND ND ND ND

"ND : Not detected, or all of three rice were not dead within 6
to 8 hours after injection of acid extract.



Table. 2. Distribution of PSP from oyster collected at Jindong
and Chilchundo in 1996

Toxicity (g / 100g)

Sampling date Cholchondo Jindong
Haréhung Changmok Naesanri Songdo
Feb. 26-27 NDY ND -2 -
Mar. 12-13 43 ND ND ND
Mar. 21-22 41 42 ND ND
Mar. 28-29 ND - 40 ND
Apr. 3-4 34 - 158 204
Apr. 12-13 ND 44 61 56
Apr. 22-23 ND 37 ND -
May 13-14 ND 98 39 -
May 27-28 "ND 37 ND -
Jun. 3- 4 ND ND ND -

ND : Noli detected, or all of three mice were not dead within 6
to 8 hours after injection.of acid extract.
= ! Not Tested, or sample shellfish were not available to
collect.

2)
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Table. 3. Distribution of PSP from blue mussel collected at Jindong
and Chilchundo in 1997

Toxicity ( ug / 100g )

Sampling  Chilchondo areas Chindong bay
date  Kohyeun Daekokri ~ Songdo Sooudo Kubokri Kubokri Nampo
‘ man(23) (26) (29) (30) (32) out (33)
1.20 ND”  'ND ND ND ND ND ND
212 ND ND ND 34 ND ND ND
224  ND ND "ND ND ND ND ND
310 64 48 89 57 49 39 ND
318 58 64 %7 126 63 173 63
325 148 263 552 212 188 217 0
41 286 2521 1,108 299 728 1620 122
47 335 4,798 2187 1265 2124 2538 740
414 638 5657 3351 1649 5005 2797 147
421 293 3,197 -2 193 1602 2514 3,067
429 41 1,151 - - 1538 1321 1430
56 62 230 - ND 118 216 269
5.12 40 73 - - 52 78 59
5.19 ND 37 - - 41 43 39
526°  ND 39 - - 39 37 42
6.2 ND ND - - ND ND ND
6.30 ND ND - - ND ND ND

ND : Not detected, or all of three mice were not dead within 6 to 8
hours after injection of acid extract.

2 - : Not Tested, or sample shellfish were not available to collect.
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Table. 4. Distribution of PSP from oyster collected at Jindong
and Chilchundo in 1997

Toxicity (ug / 100g)

Sampling date Cholchondo Jindong
Hachung Changmok Naesanri Songdo
1.20 ND" ND -2 ND
2,12 ND ND - ND
224 ND ND ND ND
3.10 43 ND 95 101
318 46 141 196
325 73 52 323 243
41 220 231 362 324
47 357 740 383 657
414 220 718 413 296
421 4 - 66 123
4.29 37 - 44 49
56 38 - 40 42
5.12 ND 37 ND ND
5.19 ND ND ND ND
5.26 ND ND ND ND
6.2 ND ND ND ND
6.30 ND ND ND ND

UND : Not detected, or all of three mice were not dead within 6
to 8 hours after injection of acid extract.
- © Not Tested, or sample shellfish were not available to
collect.

2)
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29 A%, 38 2&5H 58 FEMA FL7F AEH] 199639 2
o " HE A7t ta wWEA Yeguz Al RAE & F AN
o 54 #§Fe] M =& A7l 199799 AFHA G AL 2o
199639 2o 3ty F& FFo] & AR B

A4 28R LS

1996137 19974 29 % E 79747 w4t AFTH A YHE HAL

Aoz AFFAS 2ol Yol YRS $XE =

aotstd e 2

119969 AFFAS A$, 28 T¥H 547 A& AFse 69
277 AEHNeT, AFVE 49 2EREH FEAN, AAE AL
59 F&0 S& ¥l g ¥ Avlol

2. 29 A%, 39 Fo¥H 59 BAX S27t AEHel AFFA 1)
s E4 @E Ao i FAAT S B Y B AE
AFHA G Ao Boy 1 K2 FFS AFFA vlskel ¥l o
ehsiet.

3. 19979 AFPAY A$ 39 2%E 59 BAX Favt degAc
A5D3} YWE A9 F3 49 Feol S FFo) 4 =

4. 29 A%, 3¢9 2¢FEH 54 FEAA F47 AEH 1996439 2



of ¥lgted AE AZ7F A #wEA veun Al Je g 5 3
At F& FFol A & A7E 48 FE&olUh

. BOE# MEKERE. B4, 29, 10~15. (1978)
AT, ALY, 2, AA3, ¥AE, HdI T4 F2 HF
e 59 BE, 4 H A5 4% 47 1 HAHFES

of &% A, &5A. 21(2), 113~126. (1988)

. AOAC. Paralytic shellfish Poison. In Official Methods of Analysis
of the Association of Official Aralytical Chemists, 15th Ed
(Kenneth, H ed) Association of Official Analytical Chemists Inc.
Virginia, pp. 881-882 (1990).

. McFarren, E. F.,, M. L. Schafer, J. E. Campbell, K. H. Lewis, E. T.
Jensen and E. J. Schanz. Public health significance of paralytic
shellfish poison. Advances in Food Research 10, Academic Press.

135~179. (1960)
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H 32 sxE HAx Fo AojA 7I33Ho o=
oy M Ol {Fxo| 53 35

A1d M-

1996:d 59 FAd AAZE dExANA FAE A G 3Fo] x|
o £ Udx IFHX(Sea mussel, Mytilus edulis)E& MNFH3d}d #o
HI 1 F 298] ALt 19o] o4 B9 o2 Almrl A AT
D u}u) A ) % = (Paralytic shellfish poison, PSP)ell |8 At AlaelQd
o} 1986 5¥€° F4F FHFY HAM sAF HA uide] 9 A&
AFGAE Ha 1190] 55 20| AGE Aln GA] vpu] Ao { 50
o) g At Apmol AT,

A RES @ S35rF 2 vid F2 Adoz =3Ete
%7 B3, $-8 Yty ASE il 2904 59 Aloldl miuASF
o o4& g2 FFX e 29 =3Ut A F2A oA & FH
A &4& vd 2 oYz £z gdig HE F1 glo =3}
HFe FE o8y o] AF3] 87dH.

sk F5o ot =3tE HFY o] 8o diFAHdME AU A9
olujzjo] th¥ Prakash 59 A7t glm, EuldlXE o 160ug/100g
olste] Wi AAF 7t 7AFAHY A T2 7HFol AAFH A
oY dBANE BHE Ao stdue dsA o 5299 a3 A
AR TR AolM Fol EAste WF FES AAS F FxHeRA
7HE, ol &= A& st Q.
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a2y ¢8 debdlde 54 el 80ug/100g olBHE HFE A
B AAE AT gon =5 HFI FE o1& dENe F 5P
o Bng A A7 Burt Ao g Aot g £ 4Yd
Ae el F el o8 S3td AFFAY 29 FE o 82 A 7|
2% JEE FHoz Yo 32 £Y 4 AF YA, AN AF%
A g AN 2E o8, A%, BIE $2Y, FAVEEF 529,
A B2 ANBEY F 2L WHoR JHFEe & 34 4A ¥

& 2, 2 %5 278 2ARYS, 1 ARERY 53 959 #
o189 7HsHde HEFA.

d P

bote

A 24 A D =Y

1. A&

AEE 1996d 3¥FE 59, 19973 3¥RE 59 Alojd AAEE
Al A FE2 Y AAA A AT o widelA A H
FH AFEAG 2, AAA FED dx A AFHI AL AFH
2 2 FZ 5¥o] 80ug/100g ~8,760ug/100g(Table 5, Fig. 1)o]J o9
ANH FA AAA FFHE PAFA(F)AA FxPez 7HFs.

A= 4wt SAHAA g3gdAn Je LygH vz g
X 2 F 360g9 FEF 720mlE HbsE 3 HEES
@A 2 Z 150gol] 2% HEH set(650g, 54t

g3
N
9
m
flo
)
N
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Table 5. Lsit of tested samples

Sample name Sample code Collected date Collected area (;f;zig;z)
Blue mussel A 96. 03. 18 Nampo, Masan Bay 84
" B 96. 04. 08 Nampo, Masan Bay 166
" C 96. 05. 03 Nampo, Masan Bay 295
" D 96. 05. 10 Hachdng, Kdje Bay 557
" E 96. 05. 18 Woepori, Kdje 8,760
n F 97. 04. 21 Hachdng, Kdje Bay 3,197
Oyster G 96. 05. 18 Woepori, Kdje 740
" H 97. 04. 04 Hachong, Koje Bay 185
Ll I 97. 04. 08 Hachdng, Ksje Bay 657
" 97. 4. 10 Hachdng, Kdje Bay 778
" K 97. 04. 18 Hachdng, Kdje Bay 353
" L 97. 4. 25 Hachdng, K&je Bay 236




FA 3 e £EF 600mE A7lste] 98T ERE F 1083 7H2

A AF FFAA PR JE FF2Y AxYel gt Bd=s,
FA71EEE, 27A FXHE AxdH.

7b BY=E x4
HZto] £o] e IFEFA H & €2 AL F, retortoll A
105C, 10€% A3 A=+ s AFHAE 44 A%
T A% AFEA 165gS 2% NaCl £ 100miet A 7539
%233 seamingdt ¥ 115ColA 7083 71d s ch

Y

131 seaming® ¥ 115ColA 7083 7t a3
o 244 FZ2¥

Hzto] ol de AFFA 2 2L E2A AL F, retortollA
105, 108 #A=x3dd. A, A5 AFFAE 44 A
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F Ax IAFEA 9%Bgs 2HA(HAF 1000ml, paprika 1.7g,
chilly oil 0.8g, acetic acid 250ml) 20ml$} 37 ZB3Z #o| 23}
1 seaming¥ § 115TolA 7087 71€ A3

g x5 2 FZH soup

4. SQAE
=3g JFHEA R 29 BAEY SHA A R FZ2H Ax T
Ao zt gAA S8 24L& AOACYY viHAFHFE A wy
o @z} ICRA mouse TR (AF 19~21g)S °] &3t HA3tHch
HAE D Ax EA A A8E 47 2004 A 32 AF st
o £98& FA}UL, TZ2EL M 4 2IEFH JFFE U9
A48

Al34d 2% R 13

L Aol og AR W3
Aol A AFFR g 2o S Amse FA4HX WAZE
Table 63 79 4YelAT. SAH27F @& AFHA A(4748/100g),
B(16618/100g), C(2951¢/100g) R D(55718/100g)¢t = H(1851¢/100g)
o L(2361g/100g)9] B¢ 4k Aol HED setE& WL AT A
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Table 6. Toxicity change of blue mussel during boiling

A B C D E

Process Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction
(ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%)

Shell stocked g, 165 295 557 8760

blue mussel

Boiling

Boiled meat ND* - 100 ND 100 40 87 45 92 2,365 73
Soup ND ND 13 19 1792

* Not detected by mouse assay
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Table 7. Toxicity change of oyster during boiling

H I J K L

Process Toxicity Reduction Toxicity Reductionr Toxicity Reductionr —Toxicity Reductionr ~Toxicity Reduction
(ug/100g) rate (%)  (ug/100g) ate (%) (ug/100g) ate (%)  (ug/100g) ate (%)  (ug/100g) rate (%)

S;‘:gf‘“ked 185 657 778 353 236

Boiling

Boiled oyster 59 68 172 4 28 T 89 75 65 8l
Soup 42 NT' 86 15 6

* Not tested.



d Zduglol Ax F FSAX I FAA oldE dHolmhen o FAEE
< 68~100%°1Utt. 18l ZFo| vl AFLEX 9 HEEo] "
=4 dewd. 94714 ZFed e 7tE 2 A o3 EHAY A

2k ooty 84 Fo| AFFX FEI A RS F(soup)E
olgste= A o3 FEE AAY 4 . A= A8 B, C %2 H
o AL A2 4 13ug/100g, 194g/100g L 4242/100g9] = o)
BY AL ¢ & Utk FH VL 538 2L 34 =7 BT
93 F 108 B 7MEEAS b o 8% #5ES JEUAGn
Bustq B Hd¥Y ZAFAe vz AFE Yelddot. Noguchi et
al®ol Jad dso FA LEJ 0T T Gz = B &0
A 15~20% ZHEsd 549 oF 40%7F #HadTn BandtgR g
2 AdAe F4A 2571 98T 23 F 108 Ax 71dsdr) o
ol 87~100%9] Z=&ES UEd Aoz Y3y,

dH 5ol L A8 E(87601e/100g)9] S AZEL 72%=
AR A B, C € Aot URAT AE EHLS 2365ug/100g2 2
TAANE Y B3P en Ao e 40t olgsdd

¥

2:]
o

2. $2Y Azol % S Wl

7 FA7IEEE TXE Az ¥ A9 w3
AFER} 29 JolA EFQAVIEET T2 Az TAHHE
EAXe W3E Table 83 9o YelHUT
AFEAY B A} ¥& A8 A47ug/100g), B(166ug
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Table 8. Toxicity change of blue mussel during smoking canning process

A B C D E F

Process Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction
(ug/100g) rate (%)  (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%6) (pg/100g) rate (%6)

. Shell-stock

84 166 29 557 8760 3200
blue mussel
. Steaming
Steamned NDe 100 38 7 3 87 75 87 3927 5% 1214 62
blue mussel
Broth ND ND ND ND 820 580
‘ f’;m‘“’d 3 100 B 7% a1 % 49 o 3528 60 w M
ue mussel
. Canning
Canned NDs 100 ND 100 ND 100 38 9 231 97 0 %
blue mussel
ND 100 ND 100 ND 100 38 93 210 98 0 %
ND 100 ND 100 ND 100 37 93 189 9 60 %
Soup ND. ND ND ND 26 24
ND ND ND ND % 24
ND ND ND ND 2 2%

* ND, Toxin was not detected by mouse assay.



Table 9. Toxicity change of oyster during smoking canning process

G H I J K L

Process Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction
(ug/100g) rate (%) (ue/100g) rate (%)  (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%)

. Shell-stock

740 185 657 78 353 236
Oystel'
. Steaming
Steamed 399 46 59 63 2 28 7 88 7 58l
Oyster
Broth 189 a NT* 86 15 6
- Smoked 315 57 53 7 26 67 06 74 0 B B8 8
Oyster
X Canning
Canned ND® 100 ND 100 43 93 5 o 0 8 ND 100
oystere
40 o4 ND 100 44 93 ¥ % 88 ND 100
40 o4 ND 100 43 93 a4 % 0 ND 100
Soup ND ND 2 23 ND ND
ND ND 2 23 ND ND
ND ND 2 23 ND ND

®NT, Not tested; bND, Toxin was not detected by mouse assay.



/100g) 2 C(295ug/100g)e %o A8 A< rIFVHAZE Ax ¥
Aol X EAX7L FAR oz FAHJLHW FA FAHI 115T
oA 70837 714 AF FAHAE AF Fee A Alg BEF 471
AEHA gt 8 FAA Y Tejol] I SHAXNE FS AR
D(557ug/100g)8] A% &A% FA Fole TFAAN 77k SAHA
(75u8/100g)7}F dob Qe F4 FA} 115CTAA 7083 7t
Ad FAHE AN Foe 9A] FAA oldE SAHA(FET 3Bug
/100g)7F ZadtArt. olol vldte X7 FA X o 1108 R
40vRel =3t =EA 9 A8 E(8,76018/100g)9t F(3,2001¢/100g) 9
ASE 115TAA 7083 714 47 33S A F FF 96%9
ZAEEE Yoy IFE SAXE FAXY 2~2.54(160~210
18/100g) S o}

9 A% 94 EAA7L ¥& A8 H(18548/100g) 9 L(236ug
/100g)& A& FAANM SAA7 AR oldtz FaHALH, H
2 BEAXAZ FANY F 4~9uo] GetE AE, G [ J% Ke £
d FANAAE FAX o] SR Fob AV, 115T A
087 719 AF FAL AR Fole ZE 54X EF FAA
ol5t2 HojArh

MU= BxY Az o3 S4xe W

AFgA e 2o gold Y= F2YY A= FF 2 54
o] W3lE Table 103 119] Yerugich,

AFgA0 ol AT A¥L TA/18YF T2YH 2 #



Table 10. Toxicity change of blue mussel during boiling canning process

A B C D E F

Process Toxicity Reduction  Toxicity Reduction  Toxicity Reduction Toxicity Reduction Toxicity Reduction  Toxicity Reduction
(u2/100g) rate (36}  (u=/100g) rate (38)  (ug/100g) rate (%) {(ue/100g) rate (%)  (ug/100g} rate (36)  (ug/100g) rate (36)

1. Shell-stock
blue mussel 84 168 295 557 8,760 3,200
2. Steaming
Steamed .
blue mussel ND 100 38 77 38 87 5 (! 3,927 55 1,214 62
Broth ND ND ND 54 820 580
3. Canning
Canned ND 100 ND 100 ND 100 40 a3 R 160 %
blue mussel
ND 100 ND 100 ND 100 40 g3 211 98 192 94
ND 100 ND 100 ND 100 39 93 180 98 192 94
Soup ND ND ND ND 28 24
ND ND ND ND 28 24
ND ND ND ND 26 24

* ND, Toxin was not detected by mouse assay.



Table 11. Toxicity change of oyster during boiling canning process

G ) H 1 ] K L
Process Toxicity Reduction  Toxicity Reduction  Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction
(ug/100g) rate (%6)  (ug/100g) rate (%)  (ug/100g) rate (%) (ug/100g) rate (%)  (ug/100g) rate (%6)  (ug/100g) rate (%)
1 Shell-stock 44, 0 185 0 657 0 78 0 353 0 236 0
oyster
2. Steaming
S ed 399 46 59 68 172 74 228 71 89 75 45 81
oyster
Broth 189 _ 41 NT® 86 12 6
3. Canning
Canned b
oyster ND 100 ND 100 47 a3 45 94 40 ND 100
ND 100 ND 100 43 93 48 38 ND 100
ND 100 ND 100 50 g2 60 92 39 & ND 100
Soup ND ND 25 25 16 ND
ND ND 25 25 16 ND
ND ND 25 25 16 ND

*NT, Not tested; bND, Toxin was not detected by mouse assay.



ol gt 53 ¥ A3 YSd= ET Als D57
/100g)¢t E¢} %% = d %o ZA=E(D, 93%:; E,
98%) & XE =D, BT 40e/100g; E, FF 2104g/100g)E
4zt FA7IEEE XYY B9 A9 AU
Al FI FAH] YA = EFstn 1t 7HE
BE ABAA 47t AEHA &ten FaI
9T TXHY A5 A9 & ZF5ES UENIUT
Fo 502 22y Az Agd st =39 st 54
gEEo] A4 Budl Jon, FH L 539 2
£ 115TColA 30% 7182 SR & 90% oldo] HAadAtn
nste & Ao AFe A9 IAFAH.
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N
—1—1
ng
ru?:
°¥J

¢

L

iz

B

FA B2 Ao 93 EPX Wiz
AFGR QAN /A FX2H Ax FHE SAHAY ¥
31& Table 129} 139 YEHAT

AFFAYg A5 242 F2HA JoAAE SHAI E2 A
5 A(474g/100g), B(16618/100g) 2 C(29548/100g)= 9 243 2
Tie} ulAAtA 2 A& FAAAM FAHXI FAA ojstE FAEHIY
o] ¥4 FAF 115CHA 7083 718 247 3HE AR F
T A AR EF 547 AEEA &in 3 FAR Y THiel @
3l SAAE 22 A8 D(557xg/100g)E 115TolAM 7083 7HE
A TAE AR Foe QA FAA oldE SAA(FT 4lusg
- /100g)7t AT ool widld nEAHS A8 E(8760u8
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Table 12. Toxicity change of blue mussel during acidifying canning process

A B C D E F
Process Toxicity Reduction  Toxicity Reduction Toxicity Reduction  Toxicity Reduction Toxicity Reduction Toxicity Reduction
{zg/100g) rate (%)  (ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%) (u&/100g) rate (%6 __(ug/100g) rate (3¢)
1. Shell-stock 84 166 295 557 8760 3,200
blue mussel
2. Steaming
Steamed .
blue mussel ND 100 38 Yt 38 87 Vi) 87 . 3927 55 1,214 62
Broth ND ND ND 54 820 580
3. Canning ND
Canned ND 100 ND a3 a9 2 IR % 97
blue mussel
ND 100 ND 41 93 41 93 285 97 224 93
ND 100 ND 41 93 40 93 302 97 160 95
Soup ND ND. N.D 28 32 2l
. ND ND ND 30 32 28
ND ND ND 28 28 28

* ND. Toxin was not detected by mouse assay.



Table 13. Toxicity change of oyster during acidifying canning process

-OS..

G H 1 J K L
Process Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction Toxicity Reduction
(4/100g) rate (%)  (ug/100g) rate (%) _(ug/100g) rate (%) (ug/100g) rate (%) (ug/100g) rate (%) _ (se/100g) rate (36)
- Shell-stock 740 185 657 78 0 33 0 2% 0
oyster
. Steaming
Steamed
oyster 39 46 59 68 172 74 228 71 89 75 45 81
Broth 189 41 NT* 86 15 6
. Canning
Canned b
oyster 65 91 43 77 63 ) 51 93 44 ND 100
84 89 2 i 54 92 60 %) 42 ND 100
7 90 4 76 58 91 51 93 44 83 ND 100
Soup ND ND. 22 23 18 ND
ND ND 22 23 18 ND
ND ND 22 23 18 ND

* ND, Toxin was not detected by mouse assay.



/100g)$t F(3,2004g/1002)] 7Z$E 115CAA 7083 719 AF
FAL AR Fox FE SN BT 29248/100g9 16048/100g
2 FAVIEEE TXEY RYt FxEA ¥ i A Y
123~9=1

Z(74018/100g)8] A= 115ColA 7087 719 A7 T3 ¥
AE FAAX FARE dAME A5@4ue/100g)7F Yee T A
AHog FAZIEHT T2HHA HIE FTZXHI vao i =
Al Yerst

vhH| A F 5L M ZA(pH 2~4)d A e 78 A4 93] A
stotn gaA AD? B AN dQAF TR 3, AFEA
AR E& 29 IE 540 FAVIEHE TXHH BHAd= FX
goll vdo ta & dUdL 2H4A F2EY HEES pHIL 3
HEZol7] WEo 2 Algd.

olde] AxZ B uf, FXHY FFH BALlCl FxH Az
4 2o YoM vluA HHEe) 2ol AWHA dTe H=
AL 1AVtEATE FAHolH, o] FAHAA FHXY °F 90%7}
2EEe ¢+ AN

A g9 HAEFJAYPS FAXE AARAA vHH AR F=
o] 80ug/100g ©l’dold &3t Z o|& o8& 71F Aol FAH
of Atk B A¥ AW, SAA7 20548/100g oA ARME
HF AFAAN 27t A HEHA Fdoem SHX7E 5574
/100g?! Al8dAME F2Y Az A5 SAXIE 7#AA o3z
AEHo] F& o899 Jt5AE A& F UAT o] HEo =4
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A7F AR oF 110uel 2ale nZA el A8 E(8,76042/100g)
o] A 115THA 70%3 71943 33E AX ¥ 4T 98%
o ZFFES JeR oy IE SZXE FAXY 258(FF 210
ug/100g)ol 23t o] Ao o S4x7 ¥ HFE
Amoly F2Y AxdAA FSAHA7E 0% olde] AEHE Al
qA TS ded F Ave FES SAHA/ FEsn Y] 9 E
of A% FH Fort HasAw SAX7F 29548/100g ©18H¢]

e 242 8 F oy AFold T2 Az T e 7]
TE& 48 HFEAE o8] JIEdite FES ¢€ F+ U4

4 A7F 2004e/100g ©l3tY] HFE 7FE YE2A o] fo] 7}
TS AFAAY MAE AAste violo. AA2 v|ZH F)
UM E 19953872 & FAIXE 80pg/100ge 2 a3l ot
19963l oA FAAE 160pe/100g22 4G =S nb Q1o
2 At 8IS seHdsd Fu gl

A4d 228 2 8%

s F SO ot S5E AFe FE oL sHE AR
Jdated T4 = W2 AFYA} 2L A, AU g} A& B2
Y Azl g8t 1 A% A¥e 2AE AHE o9 BeH 2o

1. A3 B2 Ax F3] SHA 4 A8 (353pe/100g °lsh)E=
HF AFAA F27t AEHA FAY SR FAA olslE "o
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Rnoew 1 AFEL 68~100%°1UT. 53 T Az A-¢, A
z19] Tujol] E3te SAXE ZE A8 D(557ug/100g)k A <o
oujoll @3l F(778ug/100g)N A X 115ClA 7083 7148 AFFA
& AR Folle TE ZAHAI AR otz HojRo

2. SAAZE AR o 1108l @3te 25 AFFA E(8,760ug
/100g)8] S+ 115TCeA 7087 714 43 §43& 73 F 37
RB%e F=ES UegUdoed JE SAHAE FAXY 25¥(HT
2101g/100g) A t}.

3. GAAFE FEI] nHSFAE FAAXIF 20018/100g ©13Hd HF
AL & ¢ goy 7138 48 HFEA Aoy FZ2H A=
7 Ze I8 45 HRFEME o8] JtEdts HES 2
AN
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<> ofn

A5 HZFRER
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20(4), 293-300 (1987).
3. Prakash, A., Medcof, J. C. and Tennant, A. D.: Paralytic shellfish
poisoning in eastern Canada. Fish. Res. Bd. Canada. 177, 1-87.
(1971).
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Schantz et al¥& Alaska butter clam, Saxidomona giganteus® 4
#E 2 HE PSPE B2, AAs olojX 1966\d Gonyaulax catenellaZ
FEH 2L 545 £Y, AAsd dhuAddAREd 943 H7 £33}
Hol Aol 93t dojdrts AL YFeAeH o HF gPg u
A Saxitoxinol&z A& HHstgdt 22y 2 F Shimizu et al’#H
Oshima et al”¢] @7l ojate] vlulgsjFSole o FF) ¥l
EAgdes Aol ¥FH o A e Saxitoxin(STX) group (STX,
neoSTX), Gonyautoxin(GTX) group (GTX1, 2, 3, 4), N-sulfocarbamoyl
toxin group (GTXS5, 6, Cl1, 2, 3, 4), decarbamoyl toxin group (dcSTYX,
dcneoSTX, dcGTX1, 2, 3, 4), deoxydecarbamoyl toxin group(doSTX,
doGTX2, 3) % 20 7 oldel &eld Ack(Fig. 1.

8 etel %% Chang et al”o] 198614 5Uol $4F FHEFAA A
T AL E dol AFHR Y FHA ARl GTX, 2, 3, 48t B3
v lom, Lee et al”e Walwe) AFFAY H$ GTXI~47F F42
ojn A9 Cl~2, STX, neoSTX¥} u] 2] decarbamoylgonyautoxin2
9 3(deGTX2, dcGTX3)ol EF=o ARtz Bug vk ok a2y
AFEA e 29 5S4 AES vudty =28 $29 713 34 9 =
& AT Wdse s BAC dtd Rug =82 A gl 4



Aolt,

etd 2 dFeAE 19963 590 Ad AT dxolA Ag A}
1E doF vl e AFIX|(Sea mussel, Mytilus edulis)} =
(Oyster, Crassostrea gigas)& 32 54 AE9 vln 2 29 7
Tl ME 4 T E 542 AL R 539 ¥ disto xAE e
a1 A3)E BAsE viold,

A 24 A8 R UH

1. Al
Ao AFTH AEE 19964 5¥ 189 A AExE AAA FEH ¢
XM AlG Atz E do IFH R (Sea mussel, Mytlus edulis,
8924ug/100g)9} Z(Oyster, Crassostrea gigas, 856ug/100g)°lAth
(Fig. 1).

2. 3&2¥Y Az
A HEF TANA FAAR e FX2Y Az gt FAEE
AAA FAH (F)UHLFAANA FA7IEET T2EE Az
% sjzte] Bol v T2E IAFFAY F& E2ZA M1 HF5E F,
retortll A 105C, 108 A=tk A5+ A5 H7E 424 +
A3 F A5 AF= 13 110T, 1583, 23 125T, 1583 FJ34
o TG HF 60ge VAR S0mist A B3z Fo FIdn IE
3 & 115CoA 7087 71E A7 Ase 2 529 soupd



Seo] Re A9 9 FEZ A% 39 SR

7k HPLC &4 & A& Al59 d AHE
=39 S FE TH & F L& ¥ 01N HCIH 4o 583
7FEsta 10,000x gl A 5~10%3r 94 wEAFd F, 1 FHAE
Sep-pak C-18 cartridge column (Waters)2 F3AZ ). Column
€ F3% 54 & 05mE FYd93}(Waters Ultraferr C3GC,
10,000 dalton cut-off, 5000Xg, 5%)3td E=3F 10,0000]3t9] g
& Eof HPLC ¥4 A5Z 34

t}. HPLC system

HPLC system % buffer (mobile phase), oxidizing reagent %

o] z7-& Oshiman®¢] o] Wttt (Table 14).

1= 3

Sa

M

AP AHEE EE 54 BHA HILKE BRET OshimazZ ¥
H &% &2 STX, neoSTX, dcSTX, GTX1-5, dcGTX2, 3, C1-4
ol At
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Table 14. Operating conditions for HPLC analysis of paralytic

shellfish poisoning toxins

Parameter Condition of description

HPLC pump Hitachi L-6000 with a syringe-loading sample
injector (Rheodyne 7125)

Column Reversed-phase, C8-bonded silica gel, Develosil

Mobile phase
Flow rate
(a) For C1-C4 toxins

(b) For GTX1 to GTXS,

dcGTX-2 and dcGTX3

(c) For STX1 neoSTX
and dcSTX

Oxidizing reagent

Flow rate
Composition

Reaction

Acidifying reagent
Flow rate
Composition

Detector

Excitation
Emission

C8-5, 46%X150 mm (Nomura Chemical Co.)

0.8 ml/min

Tetrabutylammonium phosphate (1 mM) adjusted
to pH 5.8 with acetic acid

Sodium 1-heptanesulfonate (2 mM) in 10 mM
ammonium phosphate, pH 7.1

Sodium 1-heptanesulfonate (2 mM) in 30 mM
ammonium phosphate, pH 7.1-acetonitrile (100+5)

0.4 ml/min
Periodic acid (7 mM) in 50 mM potassium
phosphate buffer, pH 9.0

10 m Teflon tubing (0.5 mm id) at 65 T in
a water bath and at 8 C in a dry oven

0.4 ml/min
0.5 M acetic acid

Fluoromonitor (Hitachi F-1050) with a 150-W
xenon lamp

330 nm

390 nm




A3 A R uF@

1. 529 Ax T 52 429 ¥y

19963 199730 Z+z AAS JFFX e =29 TR 71§ @5
x99 AzxY 4 I DA AodM =4 2 (mole%)d] WHIHE
Post column HPLC %ol 9jste FH i

ARAFEX 9 wudHFE FAEL 19%6d, 1978 ¥
GTX1(1996%d, 275 mole%; 1997, 40.8mole%)ele™ 1 T3 9]
199636l Cl1, C2, 1997ddl+= GTX4°lUHTable 15, 16). 24}
29 A%, 1996l E FAE] C1(29 mole%), C2(22 mole%)S] A
4 AERolFoy 199739 = GTX1, GTX47F FAAESE dXxol o}
& zoj7t gien AFEAGE dia tdE F4E eI
(Table 17, 18). STX group®] A%+ F A5 EF vZFozE Fo¥
23k Aol gl

dH 2% Fo B4 AR WIE BY AFFA, F F3I
Cl:C2, GTX1:GTX4, GTX2:GTX39 mole%7} ¢ 3114 H|&EE W3}
3RS & F Utk olx FA pHolA 7HEE A3 383 Wiz
A3 2 Oshima®E 11¥ 9 X ol hydroxysulfate moietyS 7FA 3 4l
t Z4%F keto-enol Bl 939 epimerization°] 4y 53] *
S pHS =L 2%o4 B dojyi, carbamate toxin groupE.th
N-sulfocarbamoy! toxin group®lA Rt} I dojddzn R ustH
T ZFIENM AFAHS = E4AE B-epimer (GTX3, GTX4, C2,
C4)ol, shFo ZE47l 2HEH HA}H2F epimerizatione] Yoy}
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Table. 15. Change of toxin composition in blue mussel collected at 1996 during smoking canning

process

Toxin composition (Mole %)

Process

Cl C2 C3 C4 GTXI GTX2 GTX3 GTX4 dcGTX2 dcGTX3 neoSTX deSTX STX
- Shucked 280 20 00 02 275 39 36 145 08 11 18 00 08
bhie mussel
. Steaming
Steamed
oweamed 337 86 00 00 165 2203 63 40 44 19 12 03 27
Broth %8 63 00 00 29 130 43 72 44 66 33 01 15
s
moked 300 70 00 00 165 21 69 40 41 18 14 05 56
blue mussel
. Canning
Canned smoked 00 00 00 00 47 34 16 00 11 18 00 445 430
blue mussel

Soup 060 00 00 00 7.2 41 14 0.0 14 27 00 420 413




Table. 16. Change of toxin composition in blue mussel collected at 1997 during smoking canning
process

Toxin composition (Mole %)

_I'V_.

Process
Cl C2 C3 €4 GTXlI GTX2 GTX3 GTX4 decGTX2 dcGTX3 neoSTX deSTX STX
- Shucked 126 141 00 00 408 40 33 176 18 22 34 00 00
blue mussel
. Steaming
Steamed 185 54 00 00 258 24 64 70 37 15 20 06 36
blue mussel
Broth 133 31 00 00 362 157 39 117 39 6.7 39 0.1 14
- Smoked 176 48 00 00 258 235 69 71 38 15 19 08 64
blue mussel :
. Canning
Canned smoked 00 00 00 00 68 43 12 00 12 17 00 428 420

blue mussel
Soup 00 00 00 00 7.1 4.1 13 0.0 14 2.0 0.0 416 425




Table 17. Change of toxin composition in oyster collected at 1996 during smoking canning process

Toxin composition (Mole %)

_ny..

Process
Cl C2 C3 C4 GTX1 GTXZ2 GTX3 GTX4 deGTX2 deGTX3 neoSTX deSTX STX
. Shucked oyster 280 220 00 00 103 16.7 120 49 19 18 04 0.0 1.0
. Steaming
Steamed oyster 55 163 00 00 36 109 38 1.2 25 11 1.1 0.0 30
Broth 427 146 00 00 8.1 127 55 31 6.9 25 18 0.0 2.2
. Smoked oyster 523 146 00 00 3.0 85 42 0.8 30 36 09 15 65
. Canning
Canned oyster 00 00 00 00 00 39 08 0.0 34 1.2 0.0 475 429

Soup 00 00 00 00 00 58 00 0.0 0.6. 5.1 0.0 510 375
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Table 18. Change of toxin composition in oyster collected at 1997 during smoking canning process

Toxin composition (Mole %)

Process
Cl C2 C3 C4 GTX] GTX2 GTX3 GTX4 dcGTX2 dcGTX3 neoSTX deSTX STX

. Shucked oyster 41 42 00 00 251 146 18.1 172 17 37 7.1 1.2 20
. Steaming

Steamed oyster 78 24 00 00 261 21.0 6.9 86 8.0 23 6.8 1.3 8.8

Broth NT*
. Smoked oyster 59 17 00 00 256 165 50 78 125 39 4.3 3.2 136
. Canning

Canned oyster 00 00 00 00 39 25 07 0.0 26 08 0.0 47.1 425

Soup 00 00 00 00 3.7 25 0.0 0.0 14 1.7 0.0 486 42.1

* NT. Not tested



a-epimer (GTX2, GTX]1, Cl1, C3)2 =1 B:ae] B8] &o] <o 1:39 33
H By =23t ddn ek Kol o] v &L HFo a7}
dvty AFY FHHY AAevt e AEE AFFdu Bas
i

. TEY Az F 589 wig

Z2 33 F AFEAY 29 4 4 HEY vE5Y
(Specific toxicity)®] ¥3E AU vhuAAFE 4 54 AR
& 1 " EYo| t2y] gEd mole%dt SHoE TR o)t
o. v E5go] J1F 3 AFEL STX(497 ug/umole)oln], 1 t}Lo]
GTX1 (494 ug/umole), neoSTX (459 #g/ umole)o]t}.

AFER9 F9, 199683 19973 F3] mole%7t 71 <& GTXI
o] B EH % 4950ug/100g=} 1,998ug/100go 2 74 Egton I thg
°] GTX4, GTX3, GTX2 &°lAtHTable 19, 20). o1 AL GTX19 H|
53] STXEGE AU & S4 AR vadyEs vEgo] &
7] WEeld, GTX1-49 53 (963, 7,814ug/100g; 973, 2,878u
g/100g)°] AA 5o oF BUE FAdle Aoz yeigdg. 9 7
¥, mole% = CI, C2 €22 E=Ag ¥4 GTX2, GTX1, GTX3,
GTX4(1996'd), GTX1, GTX4, GTX3, GTX2(1997d)¢o 2 && A
o2 yey AFEXge 23 dE FFE JEUUY F F9 A
A 5o oF 80~84%7F GTXI-4(96d, 722ug/100g; 974, 528u
g/100g)°ll ¢ & = o] th(Table 21, 22).

gdH, 23 AFFAAE YUY deSTX7F A5 2 AF Fo g



Table 19. Change of toxicity and toxin composition in blue mussel collected at 1996 during smoking
canning process

Total
Specific toxicity (1g/100g) to{') ity
Process Xici
Cl C2 C3 C4 GTX1 GTX2 GTX3 GTX4 GTX5 dcGTX2 dcGTX3 neoSTX deSTX STX  (ug/100g)
1. Shucked

26 400 O 0 4950 466 450 1,908 0 %0 146 308 0 140 8,924
blue mussel

2. Steamed

26 104 0O 0 2066 1668 600 370 0 360 180 140 20 334 5,868
blue mussel

Broth 2 8 0 0 366 120 46 4 0 40 70 42 2 30 800

3. Smoked A

4, Canning

Canned
blue mussel

Soup 0 0 0 0 4 2 0 0 0 0 0 0 10 18 34

6 0 0 o 28 12 8 0 0 4 8 0 132 250 442




Table 20. Change of toxicity and toxin composition in blue mussel collected at 1997 during smoking
canning process

Total
Specific toxicity (ug/100g) toxicity
Process
Cl C2 C3 C4 GTX1 GTX2 GTX3 GTX4 GTX5 dcGTX2 dcGTX3 neoSTX deSTX STX  (ug/100g)
1. Shucked 4 66 O 0 1998 130 122 628 0 58 82 144 0 0 3,244
blue mussel
2.8 ed 2 10 0 0 502 302 94 100 0 48 22 36 6 72 1,214
blue mussel
Broth 0 2 0 0 296 84 24 70 0 20 42 30 0 12 580
3. Smoked
blue mussel 2 6 0 0 374 224 76 76 0 42 14 26 6 94 938
4. Canning
Canned ©o 0 0 0 14 6 2 0o o 2 2 0 46 8 160
blue mussel
Soup 0O 0 O 0] 2 0 0 0 0 0 0 0 6 14 24
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Table. 21. Change of toxicity and toxin composition in oyster collected at 1996 during smoking canning

process
Specific toxicity (1g/100g) Total
pecific toxici g .
Process toxicity
Cl C2 C3 C4 GTX! GTX2 GTX3 GTX4 GTX5 dcGTXZ2 deGTX3 neoSTX deSTX STX  (ng/100g)
1. Shucked oyster 4 46 0 0 220 232 194 76 0 26 30 8 0 20 856
2. Steaming
Steamed oyster 6 28 0 O 66 130 52 16 0 30 16 18 20 56 438
Broth 2 16 0 0O 56 56 28 16 0 30 12 12 0 16 238
3. Smoked oyster 4 12 0 © 64 118 36 14 0 28 12 14 28 64 394
4. Canning
Canned oyster 6 0 0 O 0 2 0 0 0 2 2 0 28 48 82

Soup 0 0 0 O 0 4 0 0 0 0 4 0 A 36 68




Table. 22. Change of toxicity and toxin composition in oyster collected at 1997 during smoking canning

process
Total
Specific toxicity (1g/100g) toxici
Process xicity
Cl C2 C3 C4 GTX1 GTX2 GTX3 GTX4 GTX5 dcGTX2 dcGTX3 neoSTX deSTX STX  (ug/100g)
1. Shucked oyster 0 4 240 50 118 120 0 10 64 6 20 660
2. Steaming
Steamed oyster 0 0 66 20 12 16 0 16 16 2 22 174
Broth NT*
3. Smoked oyster 0 0 76 18 10 18 0 24 12 4 40 212
4. Canning
Canned oyster 0 0 2 0 0 0 0 0 0 14 24 40
Soup 0 O 2 0 0 0 0 0 0 8 12 22

* NT. Not tested



U3 o)Foldd deGTX29 deGTX39 £3o] 713 RS T4 pH
N-sulfocarbamoyl toxin group (Cl, C2)¢ 7ZiFEs=z <3
decarbamoyl toxin group (dcSTX, dcGTX2, 3)9] AA wFojn, o]
dg-8 Jtgatd e W oS %A C27) ClEc #@e Jteis) |
o $#9° aa STXS £3o] F7te AL 7t A% N-OH
toxin group(GTX1, GTX2, neoSTX)e] Z4d wW& N-H toxin
group(GTX2, GTX3, STX)Y ZF7} W& Aoz xsdy. FxdY
A7 Fo 539 WzE 89, Cl, C2: 2, AFHA F3) 2%
A5 GTX groupd A$ GTX47F 714 94 ZAaHJes o o
o2 GTX1¥ GTX37t #23AhFig. 2% Fig. 3. 284
dcSTX3} STXLS #4# Fox & £¥& FA3n UMUK (Fig. 4%
Fig. 5).

o4 Axz E w, $8 vy HEsHe rAHFEY F
AEL mole%E B wi= Cl, C2 ¥ GTXI1, GTX2& YERoy, v
S¥oz MopiE GTXI-47h 8 54 42de ¢ % v
g4 A%, GTX groupFolAdE GTX47F UidAdol 713 <43 xn
GTX27} gAol Z¢ Aoz yeyg AFFA N GTX1e| 47
Folx= 28ug/100ge] Fol AN R HEx FFo] Y7 WELR
Algdt, a8ln aY7tEATEE § FdE deSTXH STXLS ¥2
EPE FX3L e Ao B o, o] F o] v APHARTFY =

__‘:‘.":_
E AR F HEH M3 2 Ae & F AU

‘“49—
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Fig. 2. HPLC chromatograms of GTX fractions in blue mussel during smoking canning process.

A, shucked blue mussel; B, thawed blue mussel; C. drip;
D, steamed blue mussel; E, steamed broth; F, smoked blue mussel;
G, canned blue mussel; H, soup; |, standard GTX toxins
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Fig. 3. HPLC chromatograms of GTX fractions In oyster during smoking canning process.

A, shucked oyster; B, thawed oyster; C, drip;

- D, steamed oyster; E, steamed broth; F, smoked oyster;

G, canned oyster, H, soup; I, standard GTX toxins
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b, o] At F2Y 7HFo] vluAHFEA ity =3ld sFe
FA7led 71 A&Fola AEAHA WRelge RAE oudt. g
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oA Al AlRE do JAFH R (Sea mussel, Mytilus edulis,
8,9241g/100g)°] A t}.

PRI S {52 A
=49 AAE Noguchi et al?9] o 3yt =, S3d AF
gx9 =AML FHslod pH 2002 ZAY 80% ethanold 3 7}
o FAZ F oS AR AFRES FHsD  rotary
evaperator2 ethanol& AlA3GY. 28] YA  dichloroethane
(CH)# EHAF2A A AA ZAPE A2 d HIolslod B
dE A st 48 AE 3 F Bio Gel P-2 resin
o] &3 column chromatography2 %o 23 & EolA

tlo

ok].

¥ %33, Bio-Rex 70 column chromatography® %4 groupd &
3 3]'9&‘4 Gonyautoxin group< 0~0.03M ZAFE M0 Z  saxitoxin
groupe 0.03~1.0M 2AH8B 02 linear gradient HHol 2ldld £
g, WEA Agd AT

CHEAR A E

el s F =9 HEAd AES S31d AFFAS 2, dFE
2549 FASE T 4 TFY 520 gzt ARG 7HES
Z} =498 16X150mm Pyrex screw-capped culture tubes®] &5
3ol ethylene glycol® Y2 £8F25FdA A5 FH =2x7}
90, 100, 110, 120Cel =23 ¥ 7z} dA AZF 714389 mouse
bioassay$} HPLC #4& Hdo 58L& ZAHYY. aglx 4 &
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% ¥ = thermal reduction time (TRT) curve, ¥t & AT (K)E T
S, HSEEHATE o839 D-value B z-valueE T o
AN ZFA 2T: T Ji9 tubed]l ZHFE ¥ FH4L $59
thermocopule (O.F. Ecklund, Cape Coral, Florida)g A<3ti epoxy
2 4983 ¥ /lE &x8 =4

4. 4 A¥ (Mouse bioassay)
WEA Aol AT A8 S 2HL AOACYY niu| A
75 A% o gt ICRA mouse FH(HF 19~21g)e o] &35
A A SR

Ao AHEE BEE S4&F 7Y £ BE TiLKE BER KB
ERH ¢ ¥ STX, neoSTX, deSTX, GTX1-5, dcGTX2,3, Cl-4

A 34 Az R @

1. Thermal reduction time (TRT) curve
=3ld AFEAS d2Y, P 2 25429, ZASE 54 FF
o] H4A dig 90, 100, 110 2 120TCol YoAx 9 #EEE plotsdty
TRT curveE Ao 2 A= Fig. 6,7, 8 £ 99 2t
vt FS59 ZE2 dFE9 uAdEAA YeudEs A 2o
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Fig. 6. Thermal reduction time curve of toxic digestive gland homogenate
of blue mussel
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Fig. 7. Thermal reduction time curve of crude PSP from toxic blue mussel
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Fig. 8. Thermal reduction time curve of purified GTX group from
toxic blue mussel.
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Fig. 9. Thermal reduction time curve of purified STX group from
toxic blue mussel.
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Fig. 10. Rate constant (k) for toxic digestive gland homogenate of blue mussel
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Fig. 11. Rate constant (k) for crude PSP from toxic blue mussel.
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Fig. 12. Rate constant (k) for purified GTX group from toxic blue mussel
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Fig. 13. Rate constant (k) for purified STX group from toxic blue mussel



Table 23. Rate constant (k) of various type of PSP toxin from blue mussel

Rate constant (k, sec™)

Temperature
(1/T, "Kx10%
Blue mussel homogenate Crude toxin GTX group STX group
275 7.12x107% 208x107° 1.04%10? 458%107°
268 1.12x102 416x107 1.84x107 6.10%107
261 1.92x 102 7.33%x107° 2.76%1072 1.29%107

254 3.28%102 1.20x107? 5.88%107 258x107
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Table 24. Decimal reduction time of various type of PSP toxin from blue mussel

Decimal reduction time (D-value, min)

...OL..

Temperature
(T) Bl 1
ue musse Crude toxin GTX group STX group
homogenate
% 323 1107 221 503
100 192 554 125 378
110 120 314 83 179

120 70 192 39 89
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Fig. 14. TDT curve of toxic digestive gland of blue mussel (z-value=45°C)
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Fig. 15. TDT curve of crude PSP from toxic blue mussel (z-value=40°C)
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Fig. 16. TDT curve of purified GTX group from toxic blue mussel (z-value=41°C)
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Fig. 17. TDT curve of purified STX group from toxic blue mussel (z-value=39°C)
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