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Comparisons of Food Component Characteristics of Wild and Cultured
Edible Pufferfishes in Korea

Seok-Min Hwang and Kwang-Soo Oh'*

Department of Food Service Mgmt and Culinary, Changshin University, Changwon 630-764, Korea
!Department of Seafood Science and Technology/Institute of Agriculture and Life Science, Gyeongsang National University,
Tongyeong 650-160, Korea

To identify the food component characteristics of seven edible pufferfishes (five wild pufferfishes including striped puffer Takifiigu
xanthopterus; eyespot puffer Takifiigu chinensis; purple puffer Takifiigu porphyreus; rough-backed puffer Lagocephalus wheelerr,
and grass puffer Takifiigu niphobles; and two cultured pufferfishes including yellow puffer Takifiigu obscurus, and tiger puffer
Takifugu rubripes) in Korea, the proximate, fatty/amino acid, chemical and taste compositions were investigated. The proximate
compositions were not significantly different among the sampled pufferfishes, whereas grass puffer had lower moisture and crude
lipid levels contents, and higher crude protein and ash contents than the other species. The total amino acid levels in wild and cul-
tured pufferfishes were 14,941.6-16,427.9 mg/100 g, and the major amino acids were aspartic acid, glutamic acid, glycine, alanine,
leucine, lysine and arginine. Regarding the fatty acid and mineral compositions, the major fatty acids included 22:6n-3, 16:0, 18:1n-
9, 20:5n-3, 18:0, 20:4n-3, and 22:5n-3 in that order, and there was a little difference among the sampled pufferfishes. Grass puffer
had a higher monoenes ratio, i.e., 16:1n-7 and 18:1n-9, and a lower polyenes ratio than the other pufferfishes. The main minerals
detected K, P, Na, S and Ca. Regarding the taste-active compounds, the free amino acid contents of pufferfish extracts were 236.4-
428.1 mg/100 g, consisting primarily of taurine, lysine, proline, glycine, alanine and arginine in that order. The amino nitrogen
content of the pufferfishes was 84.5-156.4 mg/100 g, and there was a little difference among the species. As for taste intensity, the
total taste value of the purple puffer was higher than that of the other pufferfishes.
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A A Arh(Kim etal., 1994). @A7HA] Eo|e} e A=

WA o172l Eol(pufferfish)= $-2luat 9 A& 13)of tetrodotoxin 2 tetrodotoxin®]] 23t A1%= vkl EXJo| 13}
°f 4001F0] AlAJskaL 3o, of 7he-d| 48 % cTEE Aol RO & U elofl A o] A-ate] el tha= Hary]
o] Hojujof| &3k= AFES H|ESto] By, 7iA)E, S o] 9lt}(Jeong et al., 1994; Jeon et al., 2000; Kim et al., 2003;
B, ouE AxFE dE vgs, 5 9 54 5 209959] Kim et al., 2007; Noguchi et al., 1991; et al., 2003; Tsubone et
9ItH(Kim et al, 2001; KORDI, 2004; NFFC, 2000). W7} = al., 1988). A]-§- £0]9] AlFA] ol gt A== Hof A
ol A AAkEl 2FA AL Hojo] oke oF 2 200-3,800E, FAIAK o] JEEA(Jeong et al., 1999), Eo] A4FE50 AuldE
2 60-120E 2 2 =9 E3F=914H(5,800-9,300E ) iﬁ‘s}@! a4l JoFAJ ELo| % A)(Yang et al., 1990; Yun et al., 2009)] 3+

10,0005 o]/ 48] == =] FaL 170 52 oMO] : A, 5 F 5780475 5 Hol FE59 715l Bet 4
o}i= gro] Al st JokslA o R E S s, 1 o (Kim et al., 1994)7} Z=a) o] 9l 3, Hojo] H-&7 o
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Table 1. Length and weight of seven kinds of cultured and wild edible pufferfishes

(g/100 g)

Sample Korean name Common Scientific name Length Weight
code name (cm) (9)
Hwangbok ; ~ ~

C1 (Cultured) Yellow puffer Takifugu obscurus 27.5~30.5 302~358
Jajubok . ; ; ~ ~

C2 (Cultured) Tiger puffer Takifugu rubripes 35.2~38.0 765~974

W3 Gg(?/snét;()k Striped puffer Takifugu xanthopterus 32.5~34.0 751~795

W4 Ge‘mﬁé‘; bok Eyespot puffer Takifugu chinensis 28.5~30.5 493~563

W5 G((e\?vrirrdb)o K Purple puffer Takifugu porphyreus 27.5~30.0 305~325
Eunmilbok Rough-backed . - 5

W6 (Wild) puffer Lagocephalus wheeleri 29.5~30.7 336~386

w7 B‘(’\',‘\fi%‘;m Grass puffer Takifugu niphobles 11.0~11.7 29~31

$2 913t 7hg ol B3t AT Hof WX Qo] g 3
(Choi, 2003; Lee, 1997), &0l 3299 75 4

AE(HA) BI(Kim etal, 2000), 54 52 0]3
HRAFY] AZY(Un, 2005) 5 Holo] AEHE 2437
Fol 3t 17 2 Bl elo] A 0 2 Wy v olek. 1)
L EA7EA F) QglA] AL Qs AIAR R P A
§ HolRo] AFHE EHS FUHOE HA HIY AT
obA7kA] B uf giek. uebd £ AT S A A5
2o1o] /X34 U G thepihate] 7| s oA Hole] &
£ TGS AT AFHE 4RE 27] 93} A of2)
e 7R, AR, 48, euE 9 2y 5 Al Bl 5
F3 G U AR 5 FAAL Hof 239] PR B Hul4

S CEELE L

b

=z H HE
=

Aol ARERE A8 Hol= Fol7t dF 7 Bhol Q= Al
7191 2011 1o =] AQtollA o] &gt pAAL 74R| &
(striped puffer, Takifugu xanthopterus), AAE(eyespot
puffer, Takifugu chinensis), AE(purple puffer, Takifugu
porphyreus),
wheeleri) 2 £-d(grass puffer, Takifugu niphobles)2- 4Fot3)
=3 B A EE A ATt =e] et Ao s Y
SEATE. ol 7|A] 2ol & £o)7] fIal 2 ehet Bls=gt =719 )
AE 242 10 mr A (EA 2] 75 100mH]) F4sta o, o
oj2P|7|FAL AHA S AT AT = A Al s A Y
b & TS 2] 20T AT ARl A
F&-5tict. g, 3HE(yellow puffer, Takifiigu obscurus)

29 (rough-backed puffer, Lagocephalus

ol I

i)

>

2
;
=

3} A5 (tiger puffer, Takifugu rubripes)2 73'd 5 A] A
£ Q2 QpARol A AT AL EUT A70] 212 10wl
solelis ez sttt o) oAl Holze| 5t 8
24 A=A E o & & FEUS Fl 20T w2 o A%
Sjol 3L A1glol AHgaRct. Aldo] ALeh At Ho 553}
QAL B0 259] Bt AR AFE Table 13} 2,

pH, A=, Fel|HA 4 ofojeTa

pH+ Al 2E 7238 tF-3- pH meter (Accumet Basic, Fish-
er Sci. Co., USA)Z 243} 11, A= (acidity)= pHO} =5
S43k A= golo] pH7} 8.30] & ufj7hA] A4 sfaL, ofuff Akt
% 0.1 N NaOH &9 9] mL =2 YER S THISSRI, 1985). 3
HFA] & 7174 2 (volatile basic nitrogen, VBN)+= Conway unitE
Apg5ts ] 2kshAHE(KSFSN, 2000)0.5, obn] e 2(NH, -
N) 32 Formol %% % (Ohara, 1982a) 0. & 24 3}9]t}.

AM X

o

Az 1= 2] A A2 (Color difference meter ZE-2000, Nippon
Denshoku Ltd., Japan)S AF&5ko] A|& & O] Mz of
LS, a ZHCAHE), b EAIE) W AE G E
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Table 2. Proximate composition in muscle of cultured and wild
edible pufferfishes

(g/100 g)

Sample Proximate composition

Code™  Moisture Crude protein  Crudelipid ~ Ash
C1 80.010.1 16.1£0.2 1.5+0.3 1.0£0.1
C2  80.4+0.3 16.0£0.1 1.5£0.1 1.1£0.1
W3 79.0£0.1 15.3+0.2 1.6+0.1 1.5+0.1
W4 80.0+0.1 15.7+0.3 1.4+0.1 1.3+0.0
W5  79.240.2 15.940.1 1.3£0.1 1.3+0.1
Wé  79.8+0.3 16.3+0.3 1.5+0.2 1.0£0.1
W7  79.0£0.2 16.8+0.3 0.7+0.1 2.3+0.1
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Table 3. pH, acidity, amino-N (NH,-N) and volatile basic
nitrogen (VBN) contents in muscle of cultured and wild edible
pufferfishes

Sample Acidity NH,-N VBN
Code* pH (mL) (mg/100g) (mg/100 g)
C1  6.45+0.01 16.3t1.1  89.6%0.1 9.1+0.2
C2 6.66+0.00 18.9+0.7 156.4+1.1 6.310.4
W3  6.01£0.02 22.2+2.1  106.0£0.3 6.310.4
W4  6.47+0.01 20.7¢09  89.41+0.3 9.120.5
W5  6.30£0.00 22.1+1.5  96.7+0.6 10.5+0.6
W6  6.67£0.00 22.0+0.9 100.8+0.6 5.6+0.1
W7  6.33:0.01 31.6£¢04  84.5+0.1 9.60.2

“Refer to the comment in Table 1.

Aatoict. o] wf = (standard plate)2] L, a H b g Z+2¢
99.98,0.01 2 0.010] itk

FotuieAl oS A1 72} 6.0 N HCI -85 23tsto] heat-
ing block (HF 100, Yamato Co., Japan) .= 24A|7F B3| A] 7]
5 7FbA 23}a1, sodium citrate buffer (pH 2.20, 0.20 M)2 4
L3 & ojn| Al 2HEE A 7| (Biochrom 30, Biochrom. LTD,
England)2 =43}t

NI
Bligh and Dyer (1959)¢] ®# o]l &sto] A|lRo] FA]HS &+
Z3}32, AOCS Official Method (AOCS, 1990)9]] whe} 73} 2

methylesterS}A| 71 T2, iso-octaneS 7|3l AHARS He] &
capillary column (Supelcowax-320, Supelco Japan Ltd., Ja-
pan)°] A2HEl GC (GC-17A, Shimadzu Co., Japan) & 2415}
Stk o] Wl GCYJ A4 248 Kim et al. (1994)2] 241}
2o, zh G AR S BEFHY] HEEAI v B
equivalent chain length5§(Ackman, 1989)¢] 2J3l] 543}t

@71

7188 Al 7ol X3 HNO, & 7}l <5413l (Ohara, 1982b)
Al71 3= ashless filter paper (Toyo 5B, Toyo Co., Japan) & o3}
Slo] A= o & 4235} o}, ICP (Inductively Coupled Plas-
ma Atomic Emission Spectrometer, Atomscan 25, TJA Co.,
USA)Z Na, K, P, Ca, Mg, Fe, S, Zn, Cu 52| F7]0]23} Hg,

Cd, Pb 5] 3l 5<% A= wAIsHtH(Yoo et al., 1984).

“Refer to the comment in Table 1.

Fojg=

Al&of 38jeF2] 70% ethanol 8H-E 7}5lo] +#27|(Ultra
Turrax T25, IKA, Janke & Kunkel GmbH & Co., Germany)
2 AR 5 17,000 X gofl A 1523t A& stoiet. o] =
22 28] o HHESto] A ASHS Hot ST & 5
FeEA dAwko 7 85191, o 7] o 5'-sulfosalicylic acid
= 10% A= 71elo] shseih A 8 olabet & ol 2
Mg Aagoz ARgskSit) fefobrlieqt B BsletEe
Al AARS oAk Hal| A ZXe T lithium citrate
buffer (pH 2.20, 0.20 M)E H83F 5 ou] Al ZHEEA] 7]
(Biochrom 30, Biochrom. LTD, England)= £4]3}%it}. 21
2L, A& ol g ghe] Arieo] w|R|= 2} frefotu| it
O] Qg2 7H7te] fEjopn| Al kS Kato et al.(1989)0] A
At gn] g Fefotn|ieite] A (threshold)® Lo ¥ojl
taste value® LIER 3}, E el Rlolyl- 8 ALo] =(TMAO)
EuEoi(TMA) $F-2 Hashimoto and Okaichi (1957)
o] vy Z T o} H(total creatinine)2 Sato and Fukuyama
(1958)2] Hpio] ufet 2 3hict.

1 =t
=

z4 EI. =l

= Lk

78.4-80.4%, ZTH 2 FeEL- 15.3-17.4%, A
SFL 1.0-2.3%2A] 4L A2lsh
}_/Ké f(]—O]_E_ 7‘15;]

gl ol
242 AR e S A o] o]
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Table 4. Color values in ordinary muscle of cultured and wild
edible pufferfishes

Sample Color values

Code* L a b AE
C1 45.26+0.01 -3.49+£0.02 0.90+0.02 51.80+0.01
C2  4450+0.14 -2.68+0.18 -0.31+0.15 52.51+0.17
W3  46.80+0.02 -2.72+0.01 1.92+0.01 50.23+0.02
W4 41.9240.01 -1.95£0.01 0.41+0.01 54.77+0.02
W5  37.30+£0.02 -1.884£0.04 0.56+0.02 58.72+0.04
W6  30.63+0.01 -1.08£0.04 0.66+0.00 59.39+0.01
W7  43.30+£0.02 -2.08+0.01 0.510£0.01 55.00£0.07

“Refer to the comment in Table 1

S22 WGCHNFRDI, 2009). 9, 43 Zolel 24&
CFE AR Bofo] ula Sk RA T i S v,
A v} B3 Flo] Ok B,

U FAAE L ALt o] £:9] pH, Az, ofu]leF 4 Y F
A7 A A TS S A% A Ik= Table 33 7k, oF4) 2 2}
T2 7HA 5] Z-qk ok uoks #
Sl W2 2ol AL I, AF S0 A EkE A 9] Q1%
=2 ookt S50 f7IA S Ao R o 4= e A
S FAARI SR ARl diA| 2 A4 EolEo Hg]
wholom B4.0 31 6 mL & B} A& Holo] u|3] Y535] =9t
t}. ojuj579] Bhof| #ofsh= ofn|ie A ko] -9 Ao
156.4 mg/100 g© & 7P Wekow, tho] 7A| &, U5 &
0]9laL, EJ0] 84.5 mg/100 go.= 7H A it

M X

o

SH QAL W Aot Bofo] BIES Sul A A A Ah)
AZH 2743 AT Table 49} 2Tk A FET} 228,
2] AR AR WL 27t R M agh) L A
A AE gh7h sto} Salo] thi A5 Ho] Sef vl 83 he
A2E 31 glon, o5 gkl 42| 2ol Ao glgol &
Q1] b, A4 A8} £u o) A9 g Lol i
a k9t AE gtol Yo} S40] ofzk ol 51 A4S T RO
2 e, ol SetoR e stelsiglet. weby Fujik 4|
§ Bofo] 29 ofFo| ure} o] ofzhy Hol7} UL &

]
=
oS
1>
22
=)
N
)
re
2]
J
Q.
Ho
lo
o
[e]
e
=
l_r
22
BN
ox
)
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[e)
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Table 5. Total amino acid contents in muscle of cultured and wild
edible pufferfishes
(mg/100 g)

Amino Sample code’
acids 1T co w3 W4 W5 We W7

Asp 1,648.3 1,692.1 1,619.2 1,566.5 1,392.5 1,501.7 1,543.7

Thr 7904 8215 7778 7434 6484 4932 8054

Ser 7275 7291 7310 7134 6557 6112 7105
Glu 25604 2,582.3 2,477.7 2,345.4 2,227.9 2,368.6 2,490.5
Pro 3848 2972 4930 8074 91563 946.8 530.5
Gly 1,076.5 1,191.5 1,155.3 1,205.4 1,701.6 1,341.7 1,276.4
Ala 995.0 1,035.2 1,020.6 1,027.6 1,266.6 1,283.2 1,158.3

Cys 432 569 212 356 888 708 ftr

Vel 8244 8527 909.1 8409 7993 769.2 998.2
Met 483.7 5172 3685 4853 3441 3885 366.5
lle 718.0 7745 7239 6931 6207 7627 807.3

Leu 1,330.0 1,382.9 1,296.0 1,241.9 1,172.7 1,209.9 1,313.0

Tyr 381.3 4148 2301 2144 1944 2138 1615
Phe 6844 7102 7057 658.7 6944 6438 779.7
His 405.3 4315 1934 4300 3295 3424 589.0

Lys 1,478.1 1,455.8 1,450.7 1,349.7 2,170.6 2,287.6 1,905.8

Arg  1,000.5 1,006.3 7654 970.7 7385 8123 991.6

Total  15,531.8 15,951.7 14,941.6 15333.4 15,961.0 16,047.4 16,427.9

“Refer to the comment in Table 1.

i

3 791 Table 59} 2}, b4 9 Aol o] Se] of

2322 14,941-16,427 mg/100 g O & E4 0] Zou|
Fepol 7b4 Boka, 7150 7 Aglou), Bl ue
o Aol 719 oieh, -0 opnliAto 2 o4 2 2ol
o] % oR7IR o] 2}ol= Q] O L} aspartic acid, glutamic
acid, glycine, alanine, leucine, lysine ¥ arginine®] gF&Fo| &
9L, 7 o] Tt ofu| b T2 phElo] e of%
uje} 7t Ao Ate] Fere T Aol S WelAlnt e
of that 24 &S 2 vlssisict.

A
-

ol [-
o

Juk

222 0}(31
o

S OPAAE D Aol Ho] KolA] 2Et $ADY A
Aal 245 24938 Z3k= Table 63} Zth oF4] 9 A
AbEojo] 29 X HARS 16:0 (16.5-19.9%), 18:0 (6.6-8.4%),
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Table 6. Fatty acid composition of total lipid separated from
muscle of cultured and wild edible pufferfishes

9
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Table 7. Mineral and heavy metal contents in muscle of cultured
and wild edible pufferfishes

(Area %) (mg/100 g)
Fatty Sample code’ Sample code’
acid C1 C2 W3 W4 W5 We W7 C1 C2 W3 W4 W5 W6 W7
14:0 07 08 09 11 17 05 17 Na 797 1022 933 1121 1084 927 98.0
15:0 02 02 03 04 12 05 04 K 1252 1375 1440 1329 1880 128.7 145.1
16:0 190 188 191 199 165 187 19.0 P 1202 1304 1358 137.8 1372 1245 1406
18:0 69 76 66 74 78 80 84 Ca 230 344 281 258 267 314 305
20:0 02 02 02 03 01 03 01 Mg 59 58 100 91 147 91 80
22:0 r 01 t & 12 01 02 Fe 64 139 182 84 34 80 47
14105 01 02 t 01 01 01 0.1 S 827 953 1132 1038 673 679 558
1515 16 05 29 14 05 15 03 Zn ot tr tr tr 10 07 05
16:1n-7 26 04 3.0 19 25 23 7.2 Cu tr tr tr tr tr tr tr
181n7 36 02 32 33 27 25 41 HH ND ND ND ND ND ND ND
181n-9 106 168 112 104 90 86 123 Pb tr tr 03 tr 09 tr 07
20109 09 13 07 04 17 03 15 Cd ND ND ND ND ND ND ND
20:1n-7 03 03 02 02 11 02 07 “Refer to the comment in Table 1.
2201 04 03 04 01 23 01 10 tr - trace, ND: not detected.
162n4 03 03 07 10 12 12 02
163n-4 02 03 03 03 04 05 06
16:4n-1 06 03 09 10 01 07 08 o o gteta gz
182n6 33 26 19 27 13 15 11
183n-6 02 02 02 02 04 07 0.1 =PIEY
183n3 04 06 04 08 03 05 05
18:4n-3 r 02 02 05 03 01 06 | oFAlAF W 2pd AL Hol £.0] Ty]o] L Wl 95 B4 5}
20:2n-6 03 03 02 02 02 04 03 2 B3 ATE Table 7o) LR QITE oF4] 9 zpoiAl E
;ggng °-t2 81 8(1) 81 81 8? 8; 0] 89| @ ¥7]0] 22 K (125.2-188.0 mg/100 g), P (120.2-
0. 4:_3 6.; 55 47 45 55 78 40 140.6 mg/100 g), Na (79.7-112.1 mg/100 g), S (55.8-113.2
20503 73 74 78 82 75 73 86 mg/100 g) % Ca (23.0-34.4 mg/100 g) 522 o] T7FE A
224n6 05 03 06 04 07 17 02 Zk G4 Yo wpEt chae] apolg BY o, Fgkegol gt
22:5n-6 09 06 11 10 05 15 16 Z/8]= AR vlseskoith o)F SO - e o
22503 87 62 51 45 35 47 52 217} 0.02-0.33 ppb2 1} 17| W Eo] 24| G-2]H o] Hol
22:6n-3 236 275 271 276 295 274 189 Of =gt k] Aol FaFE wIAH(Oda, 1981; Park et al.,
Saturates 27.0 277 271 291 285 281 298 1994a), Na', K, CI 13_4})043.% B7)0]Q0] A A £-0] 25
Monoenes 19.8 20.0 216 17.7 199 156 27.2 %u]aFe A (Hayashi et al,, 1981)0]2k < w23t 1 o]
Polyenes 53.2 523 513 531 516 563 43.0 o e Y » OUEIE e BEE
n3PUFA 467 473 453 462 467 479 380 = AEE2 Hole] gel 27 7]o8 A 0.2 Kol ¢k, He,

“Refer to the comment in Table 1.

18:1n-9 (9.0-16.8%), 20:4n-3 (4.0-7.8%), 20:5n-3 (7.1-8.6%),
22:5n-3 (3.5-8.7%) X 22:6n-3 (18.9-29.5%) 5O & Ho| FH
of whe} erte] 2/ Afol & Btk 53], B A HHE &
o]o]] H]3}] 20:5n-3 W 22:6n-32] ZAJH|7} W& HlHo| 16:1n-7
4 18:1n-9 5 B dllAke] 2/40H]|7F 22 o] 4 Aol =T,
ol= A9l AA1gH |l Ao 2] Zjolof| 7]QIgE A o &2 A 7HE
t}. 3, 7154 &ALl 20:5n-3, 22:5n-3 2 22:6n-3 5 n-3
Al A= E3E SR A -3 PUFA) 2] 2404 = 38.0-47.9%= 1
- =oF AL A8 Holo] & XA A7} se A o & uf

Cdot g2 ol T2 ASEA Fken, Pbe] 44 o

5 AR Ho] FolA FEEUOL 712X of5hE Sl B

Ho|Mdg

U FAA 9l AL o] Gof| A &3 A
active compounds Q1 -2|otm| At 243} SRS
= Table 83t . F4] B AFAAE o] o2 o] fajoty]
AR 2SR 236.4-428.1 mg/100 gO &, TFE djAto] 79} H]
Wl £ uf Yuk WG o] Fol= fEobu] Al F3tRFo] A2
]2k BHH, H|aA] gho] H35h A Ag of ol v|sHH SheF
o] Ao 702 Uepgth(Park et al., 1994b). 7| E-9] 58]0}

H
U
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Table 8. Free amino acid contents in muscle extract of cultured and
wild edible pufferfishes
(mg/100 g)

Amino Sample code’

acids —c1 c2 W3 W4 W5 W6 W7
Phser 0.4 08 0.9 0.8 1.0 13 21
Tau 958 106.2 695 1156 1246 704 131.0
Phea 1.2 tr tr tr 40 23 3.2
Uea 156 134 63 100 234 133 146
Asp 0.2 tr tr tr 06 041 2.6
Hypro 5.0 tr 22 52 tr 58 tr
Thr 3.6 22 30 tr 96 64 7.3
Ser 5.0 38 5.1 14 28 6.5 55
Glu 28 34 09 tr 286 3.2 7.0
Sar 5.8 82 45 156 294 55 tr
AAAA tr tr tr 0.2 1.0 tr 1.2
Pro 258 44 57 116 34 65 104
Gy 356 214 181 158 238 306 14.0
Ala 20.0 94 219 126 172 220 20.7
Citr 14 14 tr 2.0 24 tr 2.1
AABA 0.2 tr tr 0.2 08 0.1 tr
Val 1.6 26 63 24 70 26 5.9
Cys tr 0.2 tr tr 0.2 tr tr
Met 1.8 12 36 14 38 1.8 3.7
Cysth 0.8 02 09 0.2 50 13 22
ILe 0.8 16 4.2 1.4 48 16 7.7
Leu 3.6 32 81 34 6.2 38 8.2
Tyr 1.0 20 45 2.0 86 3.1 47
B-ala 25 56 21 50 98 21 tr
Phe 1.0 20 42 2.0 40 34 46
GABA tr 14 06 tr 20 09 0.3
Ethamin 3.2 28 45 3.6 54 20 2.5
Hylys 0.6 0.4 tr 24 05 21 1.3
Orn 2.8 24 09 2.8 3.0 tr 2.3
Lys 406 656 353 722 774 731 349
1-MHis tr 0.6 tr 14 08 26 tr
His 24 12 24 1.2 48 19 1.8
3-MHis tr tr tr tr 06 07 tr
Ans 9.2 33 117 7.6 42 29 tr
Arg 17.6 78 9.0 136 74 216 9.5
Total 307.9 278.7 2364 313.6 428.1 301.5 311.3
"Refer to the comment in Table 1.
Phser: phosphoserine, Tau: taurine, Phea: phosphoethanolamine,
Sar: sarcosine AAAA: a-amino adipic acid, Citr: citrulline, AABA:
a-aminobutyric acid, Cysth: cystathionine, GABA: y-aminobutyric
acid, Ethamin: ethanolamine, Hylys; hydroxylysine, Orn:
ornithine, Ans: anserine.

u| At FgkeFo] 7MY A2 Wi, 59| fefobu| kAl Fhefo]
7V wokth £ §gjopu|AlC 2= taurine®] 69.5-131.0
mg/100 g© &2 7P Wokar, A8k EAdof who] ohfrEfo] 9l
t}. Taurine (Park et al., 2000a)2 AFE 2 5 E2 Ao T

Table 9. Taste values of free amino acids in muscle extract of
cultured and wild edible pufferfishes

Amino thrzishtgl g Sample code®

acd (9100g) C1 C2 W3 W4 W5 We W7
Asp 3 007 - - - 020 030 0.87
Thr 260  0.01 0.01 001 - 0.4 0.03 0.03
Ser 150  0.02 0.03 0.03 0.01 0.02 0.04 0.04
Glu 5 056 0.68 0.90 - 572 0.64 1.40

Pro 300 0.09 0.02 0.02 0.04 0.01 0.02 0.03
Gly 130 0.27 0.16 0.14 0.12 0.8 0.23 0.1

Ala 60 0.53 0.15 0.37 0.21 0.29 0.36 0.35
Val 140 0.01 0.02 0.05 0.02 0.05 0.02 0.04
Met 30 0.06 0.04 0.12 0.05 0.13 0.06 0.12
ILe 90 0.01 0.02 0.05 0.02 0.05 0.02 0.09
Leu 190 0.02 0.02 0.04 0.02 0.03 0.02 0.04
Phe 90 0.01 0.02 0.05 0.02 0.04 0.04 0.05
Lys 50 0.81 1.31 0.70 1.44 1.54 1.46 0.70
His 20 0.12 0.06 0.12 0.06 0.24 0.10 0.09
Arg 50 0.35 0.16 0.18 0.27 0.15 0.43 0.19
Total 294 2.70 2.78 2.28 9.31 3.77 4.15

'The data were quoted from Kato et al.
Refer to the comment in Table 1.

ofst= 7|54 Fotn|ieAle] dFor Hol A A7]=
WA ] B ol U 718 Ao ® FZHE T Th O 2 lysine
of grgol WRkem(34.9-77.4 mg/100 g), Hu|/d obn|eAikel
proline, glycine, alanine ¥ arginine (Kim, 1985)% H|u 4 &
o] hrElo] Sz W, 7HAIFe] S R0 2 4AbE o Aol
gl ZA] ofsh= glutamic acid®] $FaFo] 22 o] Folst
%At Arginine>- 22582 AU A= SHG-EH gk 5k U
Al stof AA A o' gk ZFSpA 7Tk Alo] ¥ A Jlth(Park
et al., 2000a). o] FFof wte} o] 5 F-elotu| Al 7iE S
& H0] Aol 5 Kl o, 2A40H= A = vkl ofr]
= AF 3 glutamic acid, proline, glycine ¥ alanine> t 34 4
)4 obu| i AKKim, 1985)0.2 & A ¢lar, f-ejotu|iito]
AME0] 714 2 Q 5t ukA] B (Park et al., 2000b)o]gt A& 11
2jat o] o]efgt felobulAte] Fek Afoliz 414 Bojo] o =
gl A3t FakE v A o= AZE T

Q4] 8 2914k Hoj o] §2jofuliett B4] ZTZH(Table 8)&
Kato et al. (1989)0] A4 5] @122 Lpeo] Lehdl taste
valuet= Table 9} Zt}. AFu]A ofu]ic Al gke] 71 & LFeRY
+ total taste values= 71450] 9.31 2 7H =401, tho] &4,
SuE, 8, 7S, AT U AR £0R AR 7
L7F7eRS & 4= Q1Q]e). §HA, K taste value @ Au|EAJ SR
5o} Bof of250] Bho] A AT v]A: ofuliAto e
Bo] 2o TAglo] tiH-E glutamic acid, alanine, glycine,
aspartic acid & arginine 54 A2 A ZtE Qo).

FA G AALE o] Al AR 0] E g d o] ZALe] =(TMAO)
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Table 10. Trimethylaminoxide (TMAO), trimethylamine (TMA)
and total creatinine contents in muscle extract of edible pufferfishes

(mg/100 g)
Coder  ™vroTMA D
C1 33.842.1 2.140.2 255.0£3.9
Cc2 38.9+1.1 2.0£0.2 385.5+£3.3
W3 34.71£0.9 1.610.1 298.415.0
W4 34.1x0.9 1.5+0.1 311.44£3.9
W5 27.840.8 2.310.3 296.7+1.7
W6 22.2+1.9 3.310.2 279.7£2.9
W7 25.0£0.6 1.3£0.1 257.9+1.2

“Refer to the comment in Table 1.

o EgjuEolyl(TMA), 18]l & Ag|ote|d 5 7|e €714
£0] 3teks B3 Ak Table 107} 2}, 9FA] 9 RpdAl =
o] A A1 TMAOSL} TMA 2] §Hk2- 747} 22.2-38.9 mg/100
g7 1.3-3.3 mg/100 g & 2 Fo] o] F7of w 2toli= A9 ¢l
L, vt sjjato] o vlal L ghego] vl A AvFolglrt. Al
7 Eol 3 fHEo|y 2 E ¢ thE Folof Hls TMAO
o] Aol TMA ek o Wk, ol A4ds4 A%
% TMAO2] U7} TMAR S Q7] w2 Azhgc),
TMA= v]gFol ARt 2] 7} tids] 7] wfj o] o]50] £of
o] ze] 9 7gA] WA Al o= A 7]ofgk Ao g Bl
th(Oda et al., 1981). 3HH, 24H=9] G215t Hofdl= A&

9] total creatinine (Russel and Baldwin, 1975) §F=F2- 255.0-
385.5 mg/100 g& & Fo]o] FFof whe} oA o] ZpolE H Gl
Lo, BAJo] 71 M bl AR ARl gl 7}
A ot
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