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Development of detoxication technics of toxic puffer fish
Takifugu vermicularis
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SUMMARY

(F & %E)

1. Title

Development of detoxication technics of toxic puffer fish

Takifugu vermicularis
II. Objectives and Significance

In Korea, the amount of puffer fish “kuk-meri-bok” exported
per year to Japan was 7,000 M/T(US$ 1 million) until 1992,
However, the Welfare of Japan put a ban on importing and selling
of puffer fish "kuk-meri-bok” domestically since food poisoning
occurred in Japan. Consequently, related industries in Korea
suffered serious damage.

In spite of that some scientist reported “kuk-meri-bok”
puffer fish is toxic in Japan and Korea, food poisoning due to
eating of this puffer fish is rarely reported in both countries.

If the cause of intoxication in “kuk-meri-bok” is
elucidated, food poisoning may be prevented and subsequently,

related industries become activated again.



1.

of

Contents and Scope

Toxicity in muscle of fresh and frozen puffer fish

1) Fresh fish

2) Frozen fish

Toxicity in muscle of puffer fish depending on freezing
methods

1) Deep freezing (-407T)

2) Moderate freezing (-20C)

Toxicity in muscle of puffer fish depending on thawing
methods

1) Thawing at room temperature -

2) Thawing in tap water

Toxicity in muscle of puffer fish depending on freezing
periods

1) Short term period storage

2} Leng term pericd storage

Some factors affecting the toxicity in wnuscle of after

thawing of frozen puffer fish

Results and Recommendations
As a result of this study, although the toxicity in muscle

“"kuk-meri-bok” puffer fish just after being catched was

non-toxic (<10 MU/g), toxin comes out from the skin being a



strong toxic tissue, into muscle during the process of frozen
and thawing. Subsequently, the muscle of “kuk-meri-bok” puffer
fish is contaminated with toxin, and detected at a weak toxic
level. Therefore, to prevent the poisoning, it was recommended
that “kuk-meri-bok” puffer fish should be skined off before
freezing. Moreover, public information center should inform
peoples this results to prevent poisoning. Export of this puffer
fish resumed by international propagation and academic

activities on this fact.
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#¥ T rubripes, ZDAFE T chinensis, 7} ¥ T. xanthopterus
Sel 23Fol AgeET Rolm, Ado] weHE uUR
Lagocephalus wheeleri, W ¥ L. gloveri, 7}4¥ T stictonotus,

ZufjelE T vermicularisE A £22 37 % g},

ay 1. Zuv)elE (Takifugu vermicularis)

Fig. 1. "Kuk-meri-bok” puffer fish (Takifugu vermicularis)
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1. d30A LAY Jufe]Fe Mo npE A FH 23 8%

Table 1. Poisoning cases due to ingestion of “Kuk-meri-bok”

puffer in Japan

uf A Al &89 B|AUAL Az ¥l 2
1962. 6. L}7}A}F] s 1 1
1984, 1. FFo7} " 4 1
1984. 9. Fow " 2 1
1986. 11. 3] EA|u} =] 1 0
1986. 11. 3] 2Alu} Ky 1 0
1987. 10. A £ 1 0
1987. 11. A R/ E F9 1 0
1987. 12. ARxA7 &1 1 0
1988. 12. Fnjx=alnt B 1 0
1989. 10. 247 28(F) 1 0 TAdEF
1989. 12. AR A7) 29 1 0
1989. 12, EdL 2%(3F) 1 0 U F
1989, 12. EQ3L (%) 2 0 U E
1990. 1. FFe7t I5(3FH) 1 0 FAE
1990. 4. o K 1 0
1991. 2. opjXotum} £ 2 0
1991, 12. ¥3 27} zA 1 0
1992. 1. HFAu} 23 1 0
1993. 4. cizlo] & 23 3 0
1995, 12. L o]E} 23 1 0
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Japan)oll A WE&E A 71 ¥ B UASIATE

Ewy 0 sES AolA oAJt Ey SAEZAANE Y 25
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F'olat @) £EES olE &7 BEAY AMNE Yo ¢ ¥
e 7hx] oF 1082 WAt B (]E ‘FHMF ol )R FE3

oich

SHZA : Hole) BHAAS AL TujelHe) me £
23 AL wojuol Agsteth Wool oiat RN 22 A=
o Bol% AL AH(KE)Y BARGWERENSS '8 ‘Hol5
Merwl' o] wheld stelTH(EE, 1978). . 2% UFA Ao

_21_



0.1% 2Arg 43 g7 vEaRoA 1082 7Hd3td /5 422 F
2% g, 2 F I1E BF 4F =Y AF 18~20gU nt+A(8,
ICR AF)e &Aool FAtste] o]&EQ 2 AA|ZHE dose-MU (mouse
unit) BatE(Table 2)of wet 53 A4sta HMqul+E Folo] 2

2 1 gwe] Suo Fastact orlolA 1 MUEt L AF 20g9]
oA E 3080 AlHAZL £ AdE 5HS Y

auty o TTXo| 2 X]A&-& o 10,000 MUCIEZ, =4 +&
& <10 MU/g& #5, 10~100 MU/gE &, 100~1,000 MU/gE 75
323 > 1,000 MU/gE BELSZ FE3} on, AFOoEAY AA

J|EA = < 10 MU/ge B3t Qtt.
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E 2. BolH(TTX) 8 AAA L —uheARHS(MU) BLE

Table 2. Calculation table of death time-mouse unit in TTX

NapAlZE MU [XARAIZE MU (XA MU [RARAZ MU
2 2z iz iz
4:00 5.62 5:45 3.07 9:30 1.77 15:30 1.28
4:05 5. 40 5:50 3.01 §:45 1.74 16:00 1.26
4:10 5.19 5:55 2.95 10: 00 1.70 16:30 1.24
4:15 5.00 6:00 2.89 10:15 1.67 17:00 1.23
4:20 4.82 6:10 2.79 10:30 1.64 17:30 1.21
4:25 4,66 6:20 2.70 10:45 1.61 18:00 1.19
4:30 4,50 6:30 2.61 11: 00 1.58 18:30 1.18
4:35 4,36 6:40 2.53 11:15 1.56 19:00 1.17
4:40 4,23 6:50 2.46 11:30 1.53 19:30 1.15
4:45 4,10 7:00 2.39 11:45 1.51 20:00 1.14
4:50 3.99 7:10 2.33 12:00 1.49 20:30 1.13
4:55 3.88 7:20 2.27 12:15 1.47 21:00 1.12
5:00 3.77 7:30 2.22 12:30 1.45 21:30 1.11
5:05 3.68 7:40 2.17 12:45 1.43 | 22:00 1.10
5:10 3.58 7:50 2.12 13:00 1.42 22:30 1.09
5:15 3.50 8:00 2,08 13:15 1.40 23:00 1.08
5:20 3.42 8:15 2.01 13:30 1.38 23:30 1.08
5:25 3.34 8:30 1.96 13:45 1.36 24:00 1.07
5:30 3.26 8:45 1.91 14:00 1.34 24:30 1.06
5:35 3.19 9:00 1.86 14:30 1.33 25:00 1.05
5: 40 3.13 9:15 1.81 15:00 1.30
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UAE ATHAEC], YBANE 2] UF2RE $UT Znjg
Bol oa) 4 A2} FEAID wAsAD, o o pRozuy I
el Ee) Aw4dax R xFTarel DulFA ZAZ U AT A

W ogEe] 22 of g FA(AM) AYolds FujeHe) 4alel o
¢ AES AT obm WA Aol UUTHAE -FO, 19963 U
A gon, ot $a ustddE mpusixlolth W, oM A
MG OAE dold 297 B wHo], £ Holk BEon
84 BolekE ZEMQ(coldchain) AlAgo] ZZoj o] e} %
N fFol WaY FRolt UPE UE MU AEE fEsicis)
AgOoE s 47 golzth

meld, SUY BaolA oW AMZL 2z Mojot WBY A
B2 TR 28 2 B4g A 2o YESAele e 2
o B3 lsAe UET 4 g o uursdslel H4L vast
of Bolth, WEol: aubde we] o3 AFAN F SHAdUo
A} g3tgtt, 1 Az Table 3 W Table 49} Zt}.

Table 30“)“‘ oé’ "’Tk" A
A > 5 MU/ge] HFAdel Z



TTXS] ¢AIZIEXQA > 10 MU/g2] 54L& w1 Aoz ZEEHA] ¢
I HIAEAPYXE 10 MU/g o], BFE5PX+E 6.0£0.4
MU/g ol Bastdct. & ZAe Moo 2T8E udes XAE oA
o] AR A(-FO, 1996 Noguchi et al., 1997)4= I UXsin

alct

olct, e

—_—

E 3. Lol A oM FTUY FojE doje] 28F 54

Table 3. Toxicity in muscle of fresh “Kuk-meri-bok” puffer
(Takifugu vermicularis) specimens landed at Sore Fish

Market (collected from the Yellow Sea), Korea

A 289 S4

1997. 5. 5 5 5 5

(B ALER) 9 5 5 5
5 10 5 9
5 5 5 5
9 5 g 5
5 5

n=22, I 5A 10 MU/g,
BIEA 6.01+0.4 MU/g
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E 4. 2ol oM FUT FufelF dolE Y55 E Y 2%
3T 54

Table 4. Toxicity in muscle of frozen “Kuk-meri-bok” puffer
(Takifugu vermicularis) specimens landed at Sore Fish

Market (collected from the Yellow Sea), Korea

SERE 282 54

1997. 5. <5 <5 <5 <5
<5 <5 <5 <5
5 5 5 5
5 5 5 5
5 S 5 5
5 5 6 6
6 6 6 6
6 6 7 7
7 7 7 7
7 8 8 8
8 8 8 8
8 9 9 9
9 9 9 10
10 10 10 10
11 11 11 11
12 12 12 12
13 13 14 15
15 15 15 15
16 16 17 18
21 21 25 28
30 30

n=82, #2154 30 MU/g
HASME 9.2+0.7 MU/g
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BHE, oY F BIFAA BUY AR (Table 4)ollA= > 5 MU/g 2]
8o A&H /5 AMAT AR 82 AA FolA 74 AAL Ho
90.2%9] &8 &S Ko, > 10 MU/g & S4-& 713 AAx 31 JHA
U Elo] 2885 37.8% U HArt 223 Ha5GL 30 MU/g ol
2 HFEAMS 9.2+0.7 MUu/g L} S dct. o] R Table 32 544z
o} W2l BIEALLS o 4 v, > 5 Ml/g o RFEMANZEES
2 8, > 10 MU/g o] 2882 of 20 uiu} F71E Adojrh

olgtel Aztg 2w, Hojd Holk 2%

Foll F40] o w2
202 o ZAEEHA YUASdE EF3T o5 EFHAE Ho

5 2o Sao] Mold Furt o wA AEHALEL B
L HolEg A, A W oj¥A 7ol wet zolst drtm YA
QA RH(#EE, 1977), 2 AWHEL ol edo] WE o5 ol
7l fletel SUT Alvlo] oMW BlET A7 AME Ao AHg s
Aol o] So] et slole FAY 4 g Ho|ZE, oA Hois
WEo to] Hado] Aol E Molk L o|F RAURTHE WE Al

a
fd

2% Estel 4y Bl dege RAFE ol AT} vH,
2 Agol] Al2¢ ZojelEz e xodolA 1995 W3t 1996 dol o
Al

73 Ao RS s 54
of m2d MojoME Z& Fo
<2 ~ 2MUI/g)eE AY FH3AATY, YeoldMie BIE58H 5
917} z+zh 20 MU/g}t 3 ~ 53 MU/go 24 A=l $£Folgdria 3}
o, T B IA7]E 2] Ariake Sea(HHBI#), Tachibana Bay
! 23] upal s (Norin-gyoku Section 139)o]A of 3 Zuje| g

ojAlo] 282 EA L ZASE Noguchi et al.(1997)ol weEd, = A}

HL sl #&-F0(1996)e] B2
BFEMo] < 2 Mu/g (B4 H9

2

i& ok,
ok

X,U

r_u
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3t 2= JjA S (Ariake Sea, n=11: Tachibana Bay, n=24; %3] n =
20)2 Aol HFAGl <2 MU/gd BE £FolAA| g, Ariake Seao]
A ol¥Fx FAYR oo REHE 2~110 Mi/g (B354 20
MU/g)e]l E4o] ZEE i Bustadcet o/AHH o5y Az A=

2 Ase} npRE 2 Ael Folb 2R HHAATE RAF
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4ol o &the ZAE EAU7lel, ool W¥F ¥l 28 F4
Eslo] 4% vixeAE AMEaA stsch

AAME YeAZ Aol YAFo] BHHE 2EUHE w=2A 534
g5 WA 377 AolAH FAste FUddE ¥HERC AAE
A=t H7lo) ol F siFAlo] WA U= =3(drip)8] = Ho| &
Ao nxle A= Atz LA gt wetd 2 AHolMe oA
o it HelEe] st dutF oz Agste W¥E 2 -20C(ol &
‘i@ Erolat g YEIHAU EE olBTt W2 -40T(E'F
SuF olat )olA PEsted EstAcist A2elM WAAA AT
g FojelE 2% Fo S4& vlaste Rkt

olF sl oAt o] AAFoAN 5T YA ALEf =
njel B e BaE 2z -20C 8} -40CoA WEAY vl MEFE 2%
o) ENG zAslgon, 2 A= ZZ Table 5 ¥ 6% Zrl.

(o)

-20Col A SNYFg IojelH ZRojAE=(Table 5), R A}
35 A ZolA > 5 MU/gs] SS5AE 30 BN 28 S-S 85.7%
3, 0> 10 MU/g2 9 MAIZA 25.7%8 2V &S HAcl FHasA
16 MU/go] a3, o) HFEAHL 7.2+0.7 MU/gol gith.

rlo ;&
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5 -20Col A YRYEF a5 A Iujeld 289 54

Table 5. Toxicity in muscle of slowly frozen and slowly thawed

"Kuk-meri-bok” puffer (Takifugu vermicularis) speci-

mens

o1y ] 7] =59 54 (MUu/g)
1997. 5. <5 <5 <5 <5
<5 5 5 5
5 6 7 7
7 7 7 7
7 7 8 8
8 8 8 8
9 9 10 10
10 11 11 11

12 14 16

n=35, #I3EA 16 MUu/g, BF5A 7.2+0.7 MU/g

gH, -40CE FHYFTY MAY 7 (Table 6)oll= ZAMY 16

- 31 -



A FollM > 5 MU/ge] 54 Uetd AAse 14 AAE RS0
298E 87.5%A3, > 10 MU/gE 2 AAMEA 12.5%¢ 288 B4

., FHa2EAHL2 13 MU/goldlal, ol HFEAH 2 5.920.9 MU/gol

=

E 6. -40Cold THUEF Y EA TujelH 2o 54

Table 6. Toxicity in muscle of quickly frozen and slowly thawed

"Kuk-meri-bok” puffer (Takifugu vermicularis) speci-

mens
o1 ¥ A 7| =59 54 (MU/g)
1997. 5. <S5 <5 5 5
5 5 5 5
5 6 6 8
8 9 10 13

n=16, #3154 13 MU/g, Bd54 5.9%+0.9 MU/g

oS¢ Aze Melstd, HE > 10 Mg FEANEEES

- 32 -



-40CE FHYTY B 12,5584 -20CE SVIFYE F LY
25.7%0l u|stH Aub £ Foll &3t xo|E Ho|Aut, olF F W
Ztel FHaHgolt BHEE

SHEE Aozl EY 2§ 53 P F VS 9AA = Aes
oAAZ-ct olet TR EHR F(1984, 1985)2 HAd(Takifugu
niphobles)& tiAao 2 3 JdFME Py (-20Ce SR IFF
A%, -20CY $FEETF AY, 40T FHSEIFF AA)

Ay E82 S3A|Rt Fgols A Aelrt ¢t s}

de Aol7t A=A ¢S Zoem uxtsiH o

fijo
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g HolMe ImiziEe /% ABolA wol 2ol WEWHA
utel 282 53 A7 AolteAE Ay Botou, W@EH(-2
0Cset -40T)oll metE & Aol7t &S ¢ 4 Ak 2e8A o
Mols 3l WHol & F2 S3o 8¢S nA=RE HHEIZ

staltt.

olE fBiAM = AolAMel Zo] oA oM U5t WA Adejy 2
el 8 B2 2z} -20C e -40ColA WEFA
F453T AUE 2] EHS ZAsPon, R ANIEFT 3
FABE AXA A PN 25 54

(ulo
>.
R
_el_:l
3 T
a

T4, -20TCol M Lt dEit F Aisls o FEE Inje s
ol 289 =4 ZAE Table 5 U Table 7 o] Lehgdrt. =, oz

FEHMEY B (Table 7)ol RAIRE 40 ZHA] FollM > 5 MU/ge] &
4E& Ueld AASsE 39 AR S54NSE LS 97.5%) HID
> 10 MU/gZ 10 JIAZA 25.0%2] 288&E Hodrh HasHe 21
MU/gel 31, olEQ HBFEAHS 8.2+0.7 MUsgo] A},

223 - 40TColA F5HEFY F Butdls ¥ FEFE Fojg
Eo 289 54 Z3}e Table 6 U Table 8 3} Ut} &, F&YS
staciryt @ntsiEet shAle Aze & HO Table 62 23, Z43)
53 7S (Table 8)oll= ZAIRE 26 7HA] FollA > 5 MU/gd] B4 &
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Etd ZiAlgE 25 AAE FSAMEE LS 96.2%H 3, > 10 MU/g2
16 MAEA 61.5%9] 2SS Vel HIEAH S 30 MU/gel R
3, o]Ee HFEAHL 13.0%1.6 MU/go] gt

E 7. -20ColA HUIFEF FLHMFAYD FojelE 282 54
Table 7. Toxicity in muscle of slowly frozen and quickl:y thawed

"Kuk-meri-bok” puffer (Takifugu vermicularis) speci-

mens

o] & 1] 7] 59 54 (MU/g)

1997. 5. <5 5 5 5
5 5 5 5
5 5 5 5
5 6 6 6
6 6 6 7
7 7 8 8
8 8 8 9
9 9 10 10
11 12 14 15
15 16 18 21

n=40, I2E5A 21 MU/g, BAdE54 8.2*x0.7 MU/g
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Table 8. Toxicity in muscle of quickly frozen and quickly thawed

“Kuk-meri-bok” puffer (Takifugu vermicularis) speci-

mens

o] ¥ A 7 259 574 (MU/g)

1997. 5. <5 5 5 6
6 6 7 7
8 9 10 11
11 12 12 13
14 15 15 15
17 21 25 28
30 30

n=26, #3154 30 MU/g, BF54 13.0x1.6 MU/g

ol ANE AHzstW, FUYFYH F Lol o F MHFIe AF
ol Al fafFstE Zo|l FLHF 3= Aol wlshAM > 10 MU/ge] /5
MAZEH&(25.7% o] 25.0%)-2 vlstAAIRE, > 5 MU/ge] REAAES
&18(85.7% Tl 97.5%), #IZEA(21 MU/g tf 16 MU/g) ¥ HIF5A
| oh o, $ntsls st Aol

N

(7.2 MU/g tf 8.2 MU/g)o) BT ok



lo

thae 23Ad 2oz vepyich

E 9. -20CoA BNYFEF ZAY IJojeF 25 54
Table 9. Toxicity in muscle of slowly frozen “Kuk-meri-bok”

puffer (Takifugu vermicularis) specimens

o] & A] 7] =52 54 (MU/g)

1997. 5. <5 <5 <5 <5
{5 <5 <5 <5
<5 <5 <5 <5
5 5 5 5
5 5 6 6

n=20, #3121 H44 6 MUu/g, Bd5Ad 2.1%0.6 Mu/g

ot 7bA] 3RS FEHEFYT F LM E 71
s F3te AP B Fstes Zol FHFe A
o] FEMNANEHL(87.5% ] 96.2%), >
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dojuteA & Auiazt, $BITF et g YFsdeid Hof
Z8S gojuo HAH & A 3 Az Table 9 3} Zir}.
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t oYt stAIvt dlFol BAHSIA Hol &Y FETH Hdojd wiet
sl F=rt FHE K228 59 o|Yo] HA wolx]7] W&
&9 537t At 2EFE A & AFA e} Lt oA
Ao oM WFZEi7t 2§ Foze Fold WHY FAL
WEE At AL 2AM Apste vi7h At Yuystd & ATl A
E HAstaxol B Fol shesictd F3A o2 el 7}
AFE AASHA "okl 282 F540] F3tes AFol vl 453}
A Sokr] wigol 25 S3HE AWd 5 dddcvis Hol, oA s
2 AP Eoh. AF 2 AFoA YtFo] FE TR} T KL
2o 5 ool AW A2 BushFAl oA AJeist F& F Al
A d E3d ZEigl7] WiEd £E AUtk AAHE A¥E =3 2
SollA FEMF A AT Ao WA ARt of wEA 2K
T BHHAI A 2T 28 FHE IPYL £ S + 4
th o mety YEAN Foje RS A Hole oA $AF FeA
U2 AdrefelA FE 27t A2
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A 42 BF 70 BE K 54 v

o HolM FrojelH2 Y¥E 2= metde 2% 53 =t
zol & Holz] oix|wt, F WHel metME AolE Hdrte A&
stalch. SRt W% U)ol metMde 2% F9 546 zol7t A
A= T8 A U7lo] ojHole -20CE #UFA st 1 MLzt 2 AY
ZH AR R fAT SEE A S Aolst AeAE AMEY

FPYTOT | AYUD NPY T FVAEY TujalH 28 =
X AT Table 10 3} om, T& ZPOT 2 AU ALY Re
=24 Az Table 11 2} Fr}.

1 7R 35T ¥ &t 39 (Table 10)oll= R AMEE 20 74

Al FAM > 5 MU/ge] 54& veld AL 16 AME FEANS

2 0xo] 28 &S vielu

Atk HIE5AHL 16 MU/gold L, ol EY HFEAL 6.811.0 MU/go]

drk. Zelx 2 AT Y F LU FEE F L (Table 11)E= R4}

& 15 AAA FAAM > 5 MU/ge] F4E& UElE JAsE 14 ANE &

E5ANEE &L 93.3% 3, > 10 MU/g2 4 /AR A 26.7%2] 2H &S

Vet Rt #2542 14 MU/golddi, ol5 HEEAH S 7.8%0.8
MU/go] el T},

atetA olge AE wlastd, > 10 MU/ge] FEMASEE(1
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ML Al 25.0%eF 2 AMYA] 26.7%), FEZA(16 MU/gz} 14 MU/g) 2
HAFE54(6.8 MU/gel 7.8 MU/g)o] 2 xlo]7t gl Zo=® LEIWZ] of

ol W57l ZAoje wel & Foz22 5 ol¥yol= HrIE A
ol7} XSS & F+ UMdTh

E 10, -20ColA 1| 7HH3 SNYFF B FAA Fof|E IH

o 54

Table 10. Toxicity in muscle of slowly frozen for 1 months and
slowly thawed "Kuk-meri-bok” puffer (Takifugu vermicu-

laris) specimens

o H A 7] 282 =4 (MU/g)

1997. 5. <5 <5 <5 <5
5 5 5 6
7 7 7 8
8 9 9 10
11 11 12 16

n=20, I25A 16 MU/g, Bd54 6.8x1.0 MU/g
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Table 11. Toxicity in muscle of slowly frozen for 2 months and
slowly thawed “Kuk-meri-bok” puffer (Takifugu vermicu-

laris) specimens

ol { 4] 7] =529 54 (MU/g)

1997. 5. <5 5 7 7
7 7 7 8
8 8 8 10
10 11 14

n=15, 2 I1EA 14 MU/g, BF 548 7.8%£0.8 MU/g
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BEAZstActrt s A7E T8 5440 wolAAM 53
gt g dA=A 22 540 ol o/t ¥EH T
St Tl Al QoM Fo] AMEA V=AY wFoletr] Hrpe
Es 5480 ZAY ttE 2HLoEREH IHLE Fo] o|yEH i
Be Zo| Blg¥d X st 2dAM dF F Az HBF 540l
TEHECL 52 Aol NS T U Fe A R4 St
v ol 2202 FE 59 of¥o] o]FA R 2] =4I| flsts, F
el 5& A= I8 A 7Y 27E A7 2= @A AAY

F SR stachy dslEF 28 4 54& wlasialrh

olE SIBAE WMot Zol oAl BolA WAL Arie Fuj R
g U4stel AAS AAY 2} B AAY R 2el 2AH
42 ¥ AAY A 5 3 Z0E Uko] o5 1 AYY 247 57
A% stdtizh fuEe e T 39 54 zasdsd, 2

A= ztZ Table 12~14 &} ).

AAE AAY ¥ FAALY FojelFe &AM =(Table 12),
18 ZHAE ZAIZ F > 5 MU/ge] S42 10 ZlAlolAM UeUAM 52
HEL 55.6%01H 3, > 10 MU/g& w1 sRA|oll Mgt LIEFLEA 5.6%2]
28 &S Boled AuUx et HILEHE 16 MU/goll AR st
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, o5 WFEAHL 4.211.1 MU/goll £33t L.
i3S AAD F FAAZY JFojeEd IKFdAME=
(Table 13), ZAIg 15 AAF > 5 MU/ge] 54 2 22 14 s
2 93.3%et= v d £ EHEE YA, > 10 MU/ge] x5 A
1} Eof 33.3%2] 28 8S Hoth HIEAMHL 28 MUu/goldi, BFE
4& 10.8+£2.1 MU/gol Ht}.

-1 el

c

£ 12, 2L AAY F 1 AY7 SAARY 2nje R 289 54

Table 12. Toxicity in muscle of skin-removed “Kuk-meri-bok”
puffer (Takifugu vermicularis) specimens stored at
-20C for 1 month

o1 ¥ x| 7| 259 57 (MU/g)

1997. 5. <5 <5 __-_H{ 5 o <5
<5 <5 <5 <5
5 5 5 6
7 7 8 8
8 16

n=16, 1= 16 MU/g, B4 573 4.2x1.1 MU/g
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Table 13. Toxicity in muscle of viscera-removed “Kuk-meri-bok”
puffer (Takifugu vermicularis) specimens stored at

-20C for 1 month

o1 ] 4] 7] =59 548 (MU/g)

1997. 5. <5 5 5 6
6 7 8 8
9 9 10 14
23 24 28

n=15, #3154 28 MU/g, Bad54 10.8x2.1 MU/g

g, §5 Fed Y AL ¥ AAS SHAAZY o)

“(Table 14), ZAFE 21 71 ZFolA > 5 MU/gd] =
Mg 2 A 19 AAME 90.5% vlad £ 2PLE BAAY,
> 10 MU/ge] A& 3 Aol Z2tsted 14.3%2] ¥ &S R vt ¢

I HIEAHL 12 MU/gel R, BdEH2 5.81£0.7 MU/go] ATt
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Table 14. Toxicity in muscle of skin- and viscera-removed
“Kuk-meri-bok” puffer {Taki fugu vermicularis)

specimens stored at -20C for 1 month

o1 g 4} 7] =59 54 (MU/g)

1997. 5. <5 <5 5 5
5 5 5 5
5 5 5 5
5 5 6 7
8 8 10 11
12

n=21, H2EA 12 MU/g, BF 5S4 5.8%0.7 MU/g

meld ol & A:E sl Brid 5A-A5AY Fol 2
s1o} Paals 2Ao| ok FAAANE ¢ 47 AMTh &, B Azl
med, $4 > 5 Mg SEAMNZEES YRS AAY Hoit 7
B 5ot olold A YRS A AAL Bol, FUL AAYL =

- 46 -



ole] £olddi, > 10 MU/gd FE/MNZA ST olAZAE WS A
AL Bojst 71 won ez ZAA} UIS A AHAY F
of, AAL AHAZ Holg #ojgrt, o9 B B HIaEHoly

FFE4e A= nhaztAge

¥ 15 2L AAYL F 2 AU FAARE IojeE 28 54

Table 15. Toxicity in muscle of skin-removed “Kuk-meri-bok”
puffer (Takifugu vermicularis) specimens stored at
-20C for 2 month

o} ¥ x] 7] 59 54 (Mu/g)

1997. 5. <5 <5 <5 <5
5 5 5 5
5 5 5 5
5 5 5 6
6 8

n=18, ¥ 154 8 MU/g, Bd548 4.2%0.6 MU/g

- 47 -



16 WA AAY ¥ 2 ALY FAAPY Iohel B 289 54

Table 16. Toxicity in muscle of viscera-removed “Kuk-meri-bok”
puffer (Takifugu vermicularis) specimens stored at
-20C for 1 month

o8 Al 7] 2829 54 (MU/g)
1997. 5. <5 <5 5 5
6 6 6 6
6 7 7 8
8 8 9 9
9 13 28 28

n=20, 154 28 MU/g, Ho5A 8.711.6 MU/g

TUY x2Ao7 Ay FujedE 2 LY H$NIFY
Foll 2% 39 54& ZAE Z b Table 15 ~ 172 Zch
ZAE AAYL F FHAARY Fofe]lFY ZFolA=(Table 15),
18 7R E Z AT Foll > 5 MU/ge] 542 14 Ao A LEtsten §
E2P LS 77.8%0 3, > 10 MU/g2 ¢t 1S gl el &
A54 5 8 Musgoll ALbA] dota, olEe HFEHHYL 4.210.6 MU/g
of Ez3tdct.
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Table 17. Toxicity in muscle of skin- and viscera-removed
"Kuk-meri-bok” puffer (Taki fugu vermicularis)

specimens stored at -20C for 2 month

SE P3P 5 54 (MU/g)

1997. 5. <5 <5 <5 <5
<5 <5 5 5
5 5 5 5
5 5 5 6
6 6 6 6
7 8 11 12
13 14

n=26, 3154 14 MU/g, BFE4 54+0.8 MU/g

a2 AL AR F 2 A FHAAZL 2ojel Y THo
A &=(Table 16), ZAIgH 20 7HA] FolA > 5 MU/ge] HH4E& 2U AL
187 2 90.0%els vl d £ 2HEL B, > 10 MU/gd] R
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3 AAE oloj M 15.0%8] 2 &S Roled AuA ottt HuEA
2 28 MU/gol s, BEFEARL 8.711.6 MU/go] gt

BHE, {5 2od R RS A AASA 2 YR FHA
gt ZuojelBe] TR =(Table 17), ZAgH 36 7A] FollA > 5
MU/g?] S4& Hd & 30 AAE 83.3%2 &I &L HAATW, >
10 MU/g2] 22 4 7iAo] E33lo 11.1%8 28 &S Bdct. 2L
F2EHE 14 MU/gol 3, BES8L 5.4%0.8 MU/gol ddtt.

2 MY Q5T Axs g 1 MY $5T F o npEsA
2, > 5 MUu/gd FEMAEEEIY > 10 MU/gd] F5AN&E S
54 U BFEAH WS AAY JoJt 7Y U oM BA
I RS 82 AARL Hol, AL AAY B && Hoch

el AIE BY, AAL AAY FueHlN 28 Fo 54
& ERY A2 ZFYBo] BF MY wgoens I st
Ae 5AF 5ot Mol BAol BB SHo2RE X
Ausl 28202 A7 WEY RS ¢ 47 Aok WFS A
A% Holo) 28F S4ol Atk WA e HOE nFo 2]
S3ole 2A BAshal YeThn B F7 YATh ol Fojel e
YEAAE HEA 259 S3HE ALY fedsts Roln, urel
A 2% S5E eAss AMAE A AL WAL S
4587 ol Mol o] FojAokwt BAHYL & F7 Ak
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g 3tz gl MAME BIJ A& Bxolth. A FY FAS
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