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Toxicity of Puffer Fish, Takifugu poecilonotus (Heuinjeombok)
and Takifugu vermicularis (Gukmaeribok) from
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The toxicity of two species of puffer fish, Takifugu poecilonotus (Heuinjeombok) and 7. vermicularis
(Gukmaeribok) collected from the coastal regions of Korea was determined using a mouse bioassay. In
the T. poecilonotus collected in Jeju and Tongyeong, the proportion of toxic specimens containing =10
mouse units (MU) per gram exceeded 95% for the skin, liver, ovary, and fin, and approximately 30%
for the testis and muscles. In each of the organs, the highest toxin levels were 79 MU/g in the muscle,
hundreds (158-365) of MU per gram in the fin, intestine, testis, and gallbladder, but thousands (1,147-2,406)
of MU per gram in the skin, liver, and ovary. In T. vermicularis collected from Incheon and Gunsan,
the proportions of toxic specimens were 100% for the gallbladder, and 56-68% for the skin, fin, liver,
and intestine however, no toxic muscle specimens were noted. The highest toxin scores were below 10
mouse units (MU) per gram in the muscle, 20-94 MU/g in the skin and fin, 319 MU/g in the intestine,
and thousands (1,548-4,624) of MU per gram in the liver, gonad, and gallbladder. The toxicity in the
muscle of 7. vermicularis was deemed acceptable for human consumption, whereas the toxicities in the
muscle of 7. poecilonotus and the skin of both species of puffer fish were significantly high, such that
special attention may be required when the fish is intended for human consumption.
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(Yamanaka, 1986; Shiomi, 1996).

FElvE RAG s M e Bol AR 18 A% oS
At S5 Hdd g 54 71EE 47 10MU/ge 2
7319 21 (KFDA, 2004), #Zoll= 24 7}53k Hol 21
25 TAEATH (AE o FEQA A LA A12006-552, 2006.
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et al, 1991; Kim et al., 2007b), 7}& & (Kim et al., 1995; Kim
et al., 2007b), 35 (Jeon and Yoo, 1995a), = o} #] & (Jeon and
Yoo, 1995b; Noguchi et al,, 1991; 1997), -3 (Ryu et al., 2003;
Kim et al., 2007a), & (Kim et al., 20072) 2 21 & 4&
©)3 (Jeong et al,, 1994; Kim et al., 2002)°) DA F-94
/ol Barxo] ot

BB (Takifugu poecilonotus)S -2tz A A< 4B
FFtol = (LigE) o', $F=3, T8 59 ] A
A, Ass A AFL 200m A=t B WZ2Le
TEL A4S o 4 vigd e FF HEo] oA
UL, HiE2 FAoltt, tEA =gv] HET FA=gn| 7]
A olfell= Fjw]g SAnbgo] Qi T3 Hlole & 714
E°] A+ (NFRDI, 2004). AF7HA] B $HE-0] 9Py
S48 BRE 49 2APE I o] (Tani, 1945; Kodama
et al,, 1984; Fuchi et al, 1999), S-ejube} QAotate] #1789
=40 gt Bie Folry) s A, FugE
(Takifugu vermicularis)ye- $-8et A Ak, 5538, &3
=3 2 YB3 SA EX3, & vty st
L, ZhsA =] vkE el Bt 4E Hol vk &
ol A2 3 H He HE A= Aol By, mElA=
o] olg] 7HARlElE o} (Kim et al., 2001).
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o] F 197lAE AFA, 271A= Ad B9 42 743
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1978)¢] EHol= HAPHO we} 28R 02 F53+4 mouse
bicassay™H 2.2 ST} &, AT A7 0.1% 2AHE
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£AL A 19-21 g9 ICRA mouse () 3-57k] o] 242t
1 mLA B2ZFAFsbal, 2t moused] AEI X|AFA)ZHS (-
k] E (Kawabata, 1978)9l4 mouse unit (MU)Z 3H4H3HaL,
Z7kE Fdle 54 MU/RE YeERSY g, 2545
ZAL8E 35712 9] mouse & FF XA ZEe] 57 o] A
AlE 5-10% Aloldl] EEE FTHFE 5L & #4d]
st H5A4& 4383 A8 g@ MUE YER I ©]
o 1 MUE AF 20 g2] mouseS 30%-9 AAA 7 EFE

of W] gk,

MouseZ AHE-3HE AEAFAM Hol5e] AETAG=
ge] AEAH B 10 MU/g W9 F3gk Jloz
Z¥F8kal QO B (Kawabata, 1978), £ 7oA AFHE %
71% W 10 MU/g o13e] 542 el AT {5 A2
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olohst EF=Zo| Heoly =

=
Ao BF A FRE BAFE (T poecilonotus) 21713 &
Z+ B EAL Table 19, 2831 Aol AlFE A A8
FENA 29E, 1542 2 HIE54L
Table 29 2tz JEMA AT
A8 AlFh AHEL A 132260 em, AF 5144115
g1 R, F 270A F SR A, BAAE FHIALH
A A AT SAP] dEelR] gol AE THEo] e}
AT} (Table 1). BHE 259 548 H 114 MU/g (B +
EZFQX}, o3 &)y, A 79 MUgolReH F-57
A EHELE 333% AEAA F 10MUg ©)d 548 Y
= AAY 2d¥E, o8t 7212 E7))o|3Uth (Table 2).
$H, A4A, I B dae] B, A3 FAAE ZF 1,000
MU/g& 233t WEAo|en, HF SAX= 237-937
MU/ge] HAE YT, f50A 238 %3 53] 95%
oS UEhfo] olE R9e BT g
Wtk =3 A=), g, Fa L L2709 A YAM=
FENA FHEL F9 o wet ot Zpolzt et Ha
=2 E 158-365 MU/goIQaL, ot 54X 47-110 MU/g
o2 vl5=3 AL YeAh oelA S-Elvte} dAbi 8
e B B2 Al T2 Aole AU HAR
>3 A A > AL 27 >S5 eol A
AG7HA e} At FREY A g AR
© AY glormz B AT AJEs S35 T dAH
2 EA o) & A8} Sl8ted Aol A FAgE 1970A) 9
EA47 dRoA By FFE A4S H w3t Table 39
ER A
Tani (1945)= Y& FF7} (@) AZoNA AT 3
E X 442 B SAS RudHed A9 295
E AoAe FUF &Y MUE Setd, T8dA F
AEZAR] = 20 MU/l 3L, 10 MU/g ©]49] E448 veld
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Table 1. Toxicity of Takifugu poecilonotus (Heuinjeombok) specimens collected from coastal area of Korea

Collection Collection Igr?:;tlL M?;gﬁt Sex Toxicity (MU/g) Gall =
area month (cm) (@) Muscle Skin Fin Liver . Intestine Gonad bla?id;ar b};l-
Jeju Feb. 2004 205 2474 g <5 151 40 169 48 <5 - -
” ” 25.0 311.9 & <5 a9 24 43 8 5 - -
4 ” 24.0 271.3 ¥ 6 120 35 59 11 805 - -
” March 2004 25.2 411.5 ¥ <5 465 55 5 6 544 62 -
” " 25.0 308.3 I <5 245 50 17 <5 <5 7 -
” May 2004 26.0 360.0 ¥ 41 370 187 143 139 899 88 -
" ” 23.0 300.0 ¥ 15 253 217 297 186 751 - -
” ” 26.0 334.0 g 18 277 104 44 77 5 63 -
4 " 20.0 161.0 & 79 320 237 118 203 362 - -
” ” 20.0 214.0 a 11 365 244 78 130 41 - -
" June 2005 22.8 2127 & <5 203 137 482 77 <9 73 [
4 4 21.5 206.5 & <5 272 37 50 <8 <5 <14 3
" " 19.7 160.3 d 6 950 115 268 79 179 123 25
” ” 18.6 1355 & <5 207 38 12 7 <6 <50 3
4 ” 20.3 159.0 s 11 1,147 106 67 18 21 33 9
” " 16.9 105.5 J 5 <5 148 289 80 <8 158 12
4 ” 18.5 135.3 s <5 461 187 147 57 <4 58 9
” ” 18.8 130.0 Unid.? 5 764 139 129 23 19 18 12
” ” 15.8 76.5 Unid. 5 305 137 131 19 <27 <50 1
Tongyeong March 2004 17.3 143.9 £ 27 194 44 2,406 365 1,688 - -
” ” 13.2 51.4 Unid. 7 22 36 34 9 <5 - -

Y., Not tested; ?Unid., Unidentified.

Table 2. Comparison of toxicity in each tissues of the puffer fish, Takifugu poecilonotus (Heuinjeombok)

No. of specimens”

Frequency of toxic

Tissue Extromel Stonal Woak Highest toxicity =~ Average toxicity
8 o .

specimens (%) A y toxi(g:y toxicy Non-toxic (MU/g) +S.E. (MU/g)
Muscle 33.3 ( 7/21)? 0 0 7 14 79 114
Skin 95.2 (20/21) 1 17 2 1 1,147 342 £ 63
Fin 100.0 (21/21) 0 12 9 0 244 110+ 16
Liver 95.2 (20/21) 1 10 9 1 2,406 237+ 112
Intestine 71.4 (15/21) 0 5 10 6 365 73120
Testis 30.8 ( 4/13) 0 2 2 9 363 47 + 30
Ovary 100.0 ( 5/ 5) 1 4 0 0 1,688 937 + 196
Gonad (Unidentified) 33.3 (1/ 3) 0 0 1 2 19 616
Gallbladder 69.2 ( 9/13) 0 2 7 4 158 53114
Eyeball 44.4 ( 4/ 9) 0 0 4 5 25 102

UExtremely toxic, = 1,000 MU/g; Strongly toxic, 100-999 MU/g; Weakly toxic, 10-99 MU/g; Non-toxic, <10 MU/g.
“The numbers in parenthesis represent toxic specimens/total specimens. ‘Toxic’ defined here is =10 MU/g.

Table 3. Comparison of toxicity of the puffer fish, Takifugu poecilonotus (Heuinjeombok) specimens landed at Jeju in Korea

with those collected in Japan

Place of landing Highest toxicity (MU/g)

or collection Muscle Skin Liver Ovary Testis Intestine Reference

Jeju, Korea (6/7199)” (1%51/‘11;) (1‘:3?129) (3?4?) (2/?23) (131(/)139) Present study
Fukuoka, Japan (4?3(.)4) (217(/]?4) (2’322) (1’23(1)2) (4:/2%) (1%3(/)3?4) Tani (1945)

Otta, Japan (14?/‘:134) (;215/22) (géggg) (?éz/?g) (g/ig) - Fuchi et al. (1999)

YNumbers in parenthesis represent toxic specimens/total specimens. ‘Toxic’ defined here is =10 MU/g.

FEAA EHELS 11.8% (434)0)0vk3 Rauslgy), aeo
AAe] A, FEMA EHEL 7194 % 7340193, Hu=

N

ARE 100 MU/gel R e, 7hap wao] Hu=Ax) = zhzt
5,000 2 1,000 MU/g, F+EMA 28&L

242}

61.8% (21/34)
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2 75.0% (12/16)°] A0k sk 223 Fuchi et al.
(1999)& QX F757 (L) Aot o1& w FHE 347 A o)
N3 ZALE S, ZHollA HaEA R 84 MU/gOISlL, 75
MA EHLL 41.2% (143497 B ustget 18)a gEe)
ASolE 543 Lol 100% (34/34), HIEX =
1,500 MU/gol o™, 78] B9-oll= 242} 82.4% (28/34) B
2,900 MU/gel ATt b9 AHfoe f5MA &8 &0l

AHEY 54X 9 nlashd 7 RoEE FENA 8L
U HSLEAX] Gl AR FX49 Aol FRIFHAo,
R 2 AAHA 549 AT FARIA
3HH, Kodama et al. (1984) Y2-2] HlH & ALt Okkiraith
oA ojF® BdE] S oF 9%} 2Kl 10 MU/g o)A
9] 245 YeRNA T, 53] 50 MU/ 233 A= 20%
£ 9oy, Az FAA= 350 MU/go) =T, Okatsulh-S
A1gE A AL 2504 10MUE d= X0 dEHA
I, A¥kE 50 MU/gS 278tk B3l Bol&d
2]k Aole] XAFES oF 10,000 MUE L&A =Tl (Tani,
1945), AREA 08 SAHNE Q2 AT F
200 go| B2 AA 7FAR A 50 MU/gE FENA T2
2v] & 7}Rt} (Kodama et al., 1984). o] w&} ¥ E5F
Aol FHFL oA 28 75T Bolo] FEolA A9
=ol 3t
g, B ATl A AN S-Eubet At IR EA =
INAE A BEo] A& S o <59 H4FH=
A AP S8 A A, HES azd g Adle
AAg EAZY e Aoz AREn ek FH8-2 o3
Ao we} ZAxfo|7E JoH, Aol mEte ZFA T
oFgt Ao HEEE JHAIZE ol AFHAEE A
o7t a3 Aoz A4, 53] AL A9l wehA
© 10 g7 AHIARE AP o] & B 54E& UEl=
7397t ol AFo R AFHA Tolop & oz Az}
LA, Noguchi et al. (1997)2 JEo|A F=AL1E 33}
A FujE]Hol] oM E Zojo) FHME FAo] W
AEHA kot AAolA g 540 HAEHThH oA
A% AL /5 T 42 5 AEFHdA Fo] fle
+H 02 Fo| o]l 7] WEo2 FA3 vl otk wEhA
B ATE HEE o3 el At SHE Hoje] 25
© Aol BFE Ao AR olH
5 FAA FEFANN ZHOE 59 o8 fElA
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23} Table 40 VFERASITH

A@o Aed =B A 9.6-20.5cm, AT 19.7-
1743 go) 3L, & 25704 5 3 UNAE A A AfA oA
A 27} AR ool A FRo| TP H, 53] °]
Z 1BAAE AL AAE A9 BAHA Got 5SS A
g = YA (Table 4).

Aol AFE S At Fuie e 7 Bod f
WA 288, AuEAX 9 HAd5A T2 Table 591 2.3}
o Yehiith AdE FelelEe] 2&ellAs 10 MU/g o)
9] AL Y AAe ¢, 423 A=erldA
SZ5A SHLL A7 56.0% (14/25), 66.7% (10/15) 2 21
=AXE 247 94MU/g 2 20MU/g, BT SAXE 2045
MU/g @ 1142 MU/go| Atk ZollAe] 504 2882
64.0% (16/25)°1Q1, 54X B BE54L 319 MU/g
9 52+15 MU/go] Itk Z18lal ke 7)o Ale] s
£ 1,930 MU/g 2 1,548 MU/g, B 53R+ 42t 199+79
MU/g & 507+186 MU/g&.E A3 7 gko| i)

A7 A Rag Syl I Il s AJHA S
B =248 B A7dse) Hwsle] Table 69 YEMAUTH
A A AFFE 11I7RA 2] Tl E 10 MU/gS 233
FEAAE R, AEAY DAME FEMA e
27.3% (3/11)01%31 ANZAR T 65 MU/g D 187 MU/go. 2

2 Aol nistE Ags] 2tk AN FEH e
g Bo] tha ZAFZARE B A 1370A], Noguchi
et al. (1997) 5°] 3074AS 47 Bt o, & AP d
2 H 25948 25 10 MU/gS 233 AAle 9%
a3, AANME HIEAR] (94 MU/g 2 280 MU/g) 2 -5
AA S (76.9% L 93.3%)°] FAFE A Eko|) &,
o]E |7} vl ? AEsA SER FFe) F5H (Noguchi et al,
1991; 1997)°1A o= ]9 Z§ ZAMA] 7]l whe}
ol ARy ZHAME FEMAIF AL, 2 9] F
A9 Ha EAX = AAAA 120-620 MU/g, {Hll A 1,000-
2,200 MU/g, Aol A 2,100-2,300 MU/g 5 o2 FARE A
S YERIATE AlFE e A8 H A9 Fake] A2A
Aol AFAZ AAe &AM HusHA= 242 190
MU/g & 220 MU/g, A8+ 960 MU/g 2 1,100 MU/g 7t
o & 10,000 MU/g 2 3,900 MU/g& YERR AT F-Z7)A
Z2H LT A3 A3S B YT (Noguchi et al., 1991). 2}
QRN ojjg)Eo] 23t AFE WA et FEFA F
o] o]l uig RE F4 AR, Feak 2070 A1 25
oA Zo] AEE A %L (Table 6, Noguchi et al.,, 1997),
ok oolyzl Ao Far ARGl A g H 357A Zof
2% (Noguchi et al., 1997)3} 25674 ol =& 24L&
HEGME 540 M8 AZHA g A2 RaEdt
(Harada and Uchida, 1996).
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o 25 JARE At AFFo] fEHe AR Hof

o o fE



A

OFA)

RRS

3 25 Bk ol ) o] =4 5

Table 4. Toxicity of Takifugu vermicularis (Gukmaeribok) specimens collected from the coastal area of Korea

Collected Collected Total length Body weight

Toxicity (MU/g)

area month (cm) @) S Muscle  Skin Fin Liver Intestine Gonad bggg'er
Gunsan May 2004 18.2 127.8 g <5 45 9 <5 <3 <2 Y
” ” 10.3 22.6 Unid.? <3 7 - 5 <5 - -
» " 10.1 19.7 ” <4 <3 - <6 <9 - -
y ” 10.1 22.5 " <3 3 y <3 <7 - -
» ” 10.0 221 » <4 5 - <5 8 - -
” » 9.6 27 " <4 65 . 16 <10 - -
» ” 10.5 246 » <3 3 - <6 <9 - -
" ” 115 29.5 " <5 <3 . <3 <7 - -
» " 1.4 305 " 6 43 - 187 62 - .
” " 10.1 205 " <4 5 - 6 <9 - -
» ” 10.3 2158 " <4 5 : 19 11 - -
tncheon Dec. 2004 19.0 139.4 " <5 23 11 65 16 201 78
" ” 17.0 122.6 ” 5 21 <5 285 72 398 349
» " 17.5 129.3 " 5 <11 14 606 74 440 323
” " 19.0 141.8 " <5 94 20 1,930 319 4,624 1,548
” ” 18.0 117.6 ” <5 30 17 287 127 37 411
" ” 18.0 125.6 " <5 33 17 369 143 703 647
” " 16.0 97.2 " 5 <5 20 155 89 162 195
” ” 17.0 1135 " 7 15 <11 69 14 <50 -
" ” 17.0 97.0 " <5 15 <15 54 18 82 -
” ” 16.0 88.9 ” 5 25 <16 151 13 502 -
” " 17.5 111.3 " <5 21 13 153 a4 - -
” " 175 105.2 " 7 23 15 160 43 - -
» ” 17.0 115.4 » <5 <5 13 434 132 - -
Jeju Jan. 2005 205 174.3 ” 8 22 15 20 27 253 .

Y., Not tested; ?Unid., Unidentified.

Table 5. Comparison of toxicity in each tissues of the puffer fish, Takifugu vermicularis (Gukmaeribok)

Frequency of toxic

No. of specimens’

)

Tissue Highest toxicity Average toxicity
specimens (%) Exggiriréely Sttrg;}giy V\{gsllély Non-toxic (MU/g) +SE. (MUlg)

Muscle 0.0 ( 0/25Y? 0 0 0 25 8 2%1

Skin 56.0 (14/25) 0 0 14 11 94 20+5

Fin 66.7 (10/15) 0 0 10 5 20 11+2

Liver 68.0 (17/25) 1 10 6 8 1,930 199 £ 79

Intestine 64.0 (16/25) 0 5 11 9 319 52+15

Testis 0.0 ( 0/ 1) 0 0 0 1 <2 <2

Gonad (Unidentified) 90.9 (10/11) 1 7 2 1 4,624 673 £ 400

Gallbladder 100.0 ( 7/ 7) 1 5 1 0 1,548 507 + 186

UExtremely toxic, =1,000 MU/g; Strongly toxic, 100-999 MU/g; Weakly toxic, 10-99 MU/g; Non-toxic, <10 MU/g.
®The numbers in parenthesis represent toxic specimens/total specimens. ‘Toxic” defined here is =10 MU/g.

FERgdA Hsll dojupes Aow F
Umeda (19972 A FZ1] wg =ujg

AE 559 2717} g4 gvin Bt

A 93,

Aoldefe] F&oME 10 MU/gs 28k A7 18 ¢
AL =vle] 58 Fdste] 530S AolE 38%7F 10
MU/gS Z338190aL, 23l 30 MU/gS] S40] HEE Aoz
RIE T (Jeon et al,, 2000). AA| AHA} QHFA A -
52 Fvlelne] 49 3 A, ARAR ohyel 286
FAE A3 1600 MU 31540 AEHAL, 259 B
A= FHE 87472 MU/g, 7H& ol 2194207 MU/gO. 2

B 1E AT (Jeon and Yoo, 1995b). o] 2 A &o] Abefof A
o] glovt 2 F sfFA e oA ZKoA Fol
© A& Ao F 5 FEFAZFE 59 o) o
H, 59| o]gol= HAY 7IH%r} #aL, WEHyolu
& 259 Hglo & JIS vAA FAW SexA
EdEl et =24 (53] gA)e] AAAT= HAFA<
o] Q1= Ao HEUY) (Jeon and Hong, 2004).
| Frbet A Tl B el B8] 9ol A
e AL vug 540 ggkoy dFe] FeIdE 2o
o] Zf A& Ao.g HElETE o|HA FY oFolA
Joll Apo]7t U= AL o1FA Qo mE Aol e
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Table 6. Toxicity variation of the puffer fish, Takifugu vermicularis (Gukmaeribok) by the collected area

Place of landing

Highest toxicity (MU/g)

or collection Muscle Skin Liver Ovary Testis Intestine Reference

Gunsan, Korea (0/161 X (3(/5151) (:;/%71) - (2(7121) Present study
Incheon, Korea (0/713) % 3/13) (1 3%:132) - (1%}193) Present study
Incheon, Korea (0/%0) (2%%)0) (15?:?0) 2(;;2;) (2?162) - Noguchi et al. (1997)
Yellow Sea (113/20) (1520) (goz/gg) (%11/(1)(1)) (g/%) - Noguchi et al. (1991)
Yeliow Sea (07220) (2/22%) (17’?2000) 2(52;) (031) ; Noguchi et al. (1997)
The sea near Jeju (gﬁ%) (1%?30) (1106?1000) 52’7‘3‘;? (%(/’g) ) Noguchi et al. (1991)
Busan, Korea (1%3106) (161/?& (?é%?g) 52&32? (%?g) (162/22) Noguchi et al. (1991)

UNumbers in parenthesis represent toxic specimens/total specimens. ‘Toxic’ defined here is =10 MU/g.

T Ao it Golo] ZHMe FA0] AF HEEHA
Bt AMel A A F7HA S Il B4 2A AlTE
Algol7t 2 F EE ZolUg AT wiAE - gtk
Z, olg A Y] Fajlo] FRZ AFF oF F AF7A] WY
HE Alzke] B Wol Ag¥d wat §5AGAA R
WAE AT TEAEE FAo] BL FYoN F&oE =o]
ol HE TtE AT ernz tdzbE ZHee A7t
o3 Aow AlgHT)

SHE, YA = 19881 104 HE 19893 1€ Alo] Fujjg)
Bo= % AF5o] ¥ o] LA we} o]0 u}2
E4& votalar, 19939 29 A& 7P Holo EHdA
Tl &S At 1eju 21 & B WK (B
B3 TRIRER AR olelolA# (H M) 2 EFXut
vk (ol A o g e Zofo it B9 B4
ZAL AR, 25 FEA Fkon, FERNA Z8o
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