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Distribution of Trimethylamine Oxide in Fishes and Other Aguatic Animals-V.

Teleosts and Elasmobranchs

By
Katsuhiko HARADA and Kinjiro YAMADA

Original determination of the trimethylamine oxide in 62 species of fish is illustrated,
and for the values obtained, in addition to ones given in the literature, a statisiical
analysis has been conducted.

Of the saltwater fishes, the content of oxide in muscle was highest in Rajida, lowest
in Clupeida and Tetraodontida, being intermediate in Anguillida, Percida, Cottida and
Pleuronectida. Mean values of 134, 68, 56, 535, 533 30 and 9 mg N/100g were gained for
Rajida, Anguillida, Percida, Cottida, Pleuronectida, Tetraodontida and Clupeida respectively.

Of the freshwater fishes, the content in muscle was nearly undetectable.
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Table 1. Description of the sample examined.
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Sﬁfie Species® Source Season szithg?i al
cim
CHONDRICHTHYES
Rajida
1 Narke japonica—“‘shibireei” Yoshimi Sep. 23.2¢ D
2 Platyrhina sinensis— “uchiwazame” Yoshimi Jul. 37.0¢ 1)
3 Breviraja semirnovi—*“tobakasube” Yoshimi Sep. 320 1)
OSTHEICHTHYES
Clupeida
4 Konosirus punctatus~“konoshiro” Karato Aug. 20.6( 3)
5 Sardinops melanosticta—“maiwashi” Karato Aug. 16.5( T
6 Plecoglossus altivelis—*‘ayu™t Yoshimi Jun. 11.4¢ 34)
Myctophida
7 Synodus hoshinonis—“hoshinoeso” Senzaki Aug. 15.1¢ 10)
8 Trachinocephalus myops—‘“‘okieso” Senzaki Aug. 23.0( 4
9 Saurida undosquamis—*maeso” Kogushi Jul. 27.0C 5
Cyprinida
10 Zacco platypus—“oikawa’t Yukuhashi| Aug. 8.9 55
1 Carassius auraius—*‘funa”7 Yoshimi May 15.0( 9
12 Misgurnus angillicaudarus—“dojo™t Yoshimi Jun. 10.0( 27
13 Parasilurus asotus—“namazu”t Yoshida Jul. 34.3( 3)
14 Plotosus anguillaris—“gonzui” Senzaki Aug, 14.7( 14)
Anguillida
15 Anguille japonica—*“unagi”tt Murotsu Sep. 33.5( 4)
16 Conger myrigster—"‘maanago’” Kogushi Jul. 35.5C 3)
17 Microdonophis erabo—‘“‘mongaradoshi” Senzaki Aug. 86.5¢ 1)
18 Ophichthus urolophus— “susoumihebi” Yoshimi Sep. 61.0( 1)
19 Ophisurus macrovhynchus—“dainanumihebi” | Yoshimi Sep. 98.5( D)
20 Cymnothorax reticularis—‘“‘amivtsubo” Kogushi Jul. 40.1¢ )
Cyprinodontida
21 Oryzias latipes—"medaka”t Yoshimi Jul. 2.3(397)
Zeida
22 Zeus japonicus—‘‘matodai” Yoshimi Sep. 33.5(C 1)
Percida
23 Mugil cephalus—“bora”tt Yoshida Jul. 26.0( )
24 Scomber japonicus—“masaba” Yoshimi Feb. 29.0C 2
25 Trichiurus lepnrus—“tachino” Karato Ang. 7240 3)
26 Caranx equula—‘‘kaiwari” Yoshimi Sep. 12.5( 18)
27 Leiognathus nuchalis—hiiragi” Moji Sep. 104( 3)
28 Oplegnathus punctatus—“ishigakidai” Senzaki Tul. 8.0( 19)
29 Oplegnathus fascigtus—““ishidai” Senzaki Jul. 27.3( 2)
20 Upeneus bensasi— “himeji” Kogushi Jul. 13.4( 13)
31 Acanthocepole limbata—“ittenakatachi” Kogushi Jul. 47.0C D
32 Apogon lineatus—“tenjikudai” Kogushi Jul. 9.3( 22)
33 Pseudoscigena manchurica—“kinnguchi” Moji Jun. 19.7C 2)
34 Argyrosomus argentaius—‘‘ishimochi” Yoshimi Sep. 1570 2
35 Sillago sihama— kisu” Yoshimi Jul. 16.7( 18)

_3‘1_
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Table 1. — (Cont’d)

Sarx}plle Species* Source Season Average total
No. length**
i
36 Girella melanichihys— kuromejina” Senzaldi Jul. 24.9( 3
37 Kyphosus lembus—“isuzumi” Senzaki Jul. 9.8( 14)
38 Acanthopagurus schlegelii—“kurodai” Senzaki Jul. 28.0( D)
39 Pagurus major—‘"madai” Senzali Jul. 34.5( 1)
40 Callionymus beniteguri—“tobinumeri” Yoshimi Tul. 17.3( 51)
41 Callionymus japonicus—*“yomegochi” Senzaki Aug. 13.0( 51)
2 Neobythites fasciatus—‘shimaitachiuo” Kogushi Jul. 13.1( 29)
43 Chaeturichthys hexanema— “akahaze” Yoshimi Jul. 12.1( 48)
Tetraodontida
44 Navodon modesius— “uvmazurahagi” Senzaki Jul 2530 2
45 Navodon modestus—“omazurahagi” Senzaki Jul. 8.4( 32)
46 Fugu vermiculare porphyreum—‘"mafugu” Yoshimi Jun. 121C 8
47 Fugu niphobles— “kusafugu” 11 Yoshimi Aug. 15.0( 2)
48 Lagocephalus lunaris spadiceus—“sabafugu” | Senzaki Aug. 29.5C 1)
Cottida
49 Sebastiscus marmoraius—‘kasago” Y oshimi Sep. 22.5C 1)
50 Hypodytes rubripinnis— “hackoze™ Senzaki Aug. 5.6(122)
51 Hexagrammas otgkii—‘ainame” Yasuoka Jul. 262( 2)
52 Onigocia spinesa—onigochi” Senzaki Aug. 8.9( 29
53 Sugsrundus meerdervoorti—“megochi” Kogushi Jul. 18.0C 35
54 Lepidotrigle micropiera—"“kanagashira” Kogushi Jul. 7.4( 45}
Pleuronectida
55 Fapalichthys olivaceus—‘“hirame” Kogushi Jul. 17.8¢ 1)
56 Pseudorhombus peniophthalmus— Kogushi Jul. 8.6( 26}
“tamaganzobirame”
57 Pleuronichthys cornuius—"“meitagarei” Kogushi Jul. 21.8( 2)
58 Limenda yokohamae—“makogarei” Yoshimi Jul. 13.8¢ 3)
59 Heteromyoteris joponicus—“sasaushinoshita” | Senzaki Aug. 10.0( 53}
60 Aseraggodes kobensis—“tobisasaushinoshita” | Kogushi Tuj. 6.8( 88)
61 Papaplagusia japownica—"kuroushinoshita™ Senzaki Aug. 3210 1)
62 Cynoglossus interruptus—"‘genko” Yoshimi Jul. 10.7¢ 16)
Lophiida
63 Lophius litulon—kianks” Kogushi Jul. 37.0¢ 1)

*Common name used by the avthors is shown; Japanese one is given in quotation marks.
o £ g s S . )
Mumber of individuals used is given in parentheses.
+,11 Marks indicate freshwater and euryhaline fishes respectively.
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Table 2. Trimethylamine oxide and KOH-amine contents of the species of fishes.
Sample - T™O KOH-amine
Species
No. Muscle Viscera Muscle Viscera
mg N/100g mg N/100g
CHONDRICHTHYES
Rajida
1 Narke japonica—*‘shibireei” 162.0 0.7 0.4 1.2
2 Platyrhina sinensis —“‘uchiwazame” 88.5 56.2 1.2 0.8
3 Breviraja semirnovi—*“tobakasube” 147.5 — 3.1 —
OSTHEICHTHYES
Clupeida
4 Konosirus punctatus—konoshiro™ 12.8 0.7 0.4 0.9
5 Sardinops melanosticta—"*maiwashi” 5.6 0.1 0.7 14
6 Plecoglossus altivelis—*“ayu”t 1.8 1.1 0.5 0.5
Myctophida
7 Synodus hoshinonis—‘hoshinoeso” 32.5 0.8 0.4 2.0
3 Trachinocephalus myops—“okieso” 26.7 0.1 0.5 2.2
9 Saurida undosquamis—“‘maeso” 48.9 3.3 0.6 2.5
Cyprinida
10 Zaceo platypus—*“oikawa”} 0.4 0.0 0.3 0.3
i1 Carassius auratus— “funa”™t 0.1 0.8 0.2 0.3
12 Misgurnus angillicaudatus—-dojo™ 0.7 0.0 0.5 0.8
13 Parasilurus asotus—‘‘namazu’’} 0.9 0.3 0.0 0.0
14 Plotosus anguillaris—“gonzui” 0.1 0.6 0.9 0.7
Anguillida
15 Anguilla japonica—*‘unagi”t+ 0.0 0.0 2 0.3
16 Conger myriaster—*maanago” 72.6 — 0.8 —
17 Microdonophis erabo—‘‘mongaradoshi” 40.7 108 0.7 0.7
18 Ophichthus urolophus—“susoumihebi” 45.7 — 0.9 —
19 Ophisurus macrorhynchus—“dainanumihebi’ 44.5 — 0.4 —
20 Cymnothorax reticularis—‘‘amiutsubo” 75.1 — 0.8 —
Cyprinodontida
21 Oryzias latipes—‘“medaka™t 0.6™* 0.2%*
Zeida
22 Zeus japonicus—‘‘matodai’ 61.0 0.8 0.2 1.1
Percida
23 Mugil cephalus—‘bora”™t7 6.4 0.3 0.2 0.1
24 Scomber japonicus—‘‘masaba’” 33.0 8.0 0.8 1.4
25 Trichiurus lepiurus—“taching” 70.0 10.0 0.4 6.1
26 Caranx equula—“kaiwari” 40.5 1.0 0.4 2.0
27 Leiognathus nuchalis—*‘hiiragi” 45.0 — 0.6 —
28 Oplegnathus punctatus—“ishigakidai” 29.8 44 1.2 1.3
29 Oplegnathus fasciatus—“‘ishidai” 71.2 0.5 0.3 0.5
30 Upeneus bensasi—“‘himeji” 57.3 6.1 0.5 2.1
31 Acanthocepola limbata—‘‘ittenakatachi” 86.4 — 0.4 —
32 Apogon lineatus—“tenjikudai” 78.6 5.5 0.3 0.8
33 Pseudosciaena manchurica—“kinnguchi” 62.8 9.3 0.5 0.7
34 Argyrosomus argentatus— ‘ishimochi” 71.0 — 0.4 —
35 Sillago sihama—‘kisu” 50.0 2.5 0.4 1.5

— 33—
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Table 2. — (Cont’d)}
Sample Spociost TMO KO H—ami.n@
No. Muscle Viscera | Muscle Viscera
mg N/100g mg M/100g
36 Girella melanichiyhs—“kuromejina” 72.0 2.2 0.6 0.8
37 Kyphosus lembus—“‘isuzumi” 33.6 3.6 0.4 0.7
38 Acanthopagurus schlegelii—"kurodai” 46.4 — 0.2 —
39 Pagurus major—"“madai” 65.2 12.3 0.2 0.7
40 Callionymus beniteguri—‘tobinumeri” 38.8 2.9 0.5 1.1
41 Callionymus japonicus—“yomegochi” 28.2 1.8 0.7 8.8
42 Neobythites fasciaius— ‘shimaitachino” 78.1 9.8 0.7 1.3
43 Chaeturichihys hexonema—“akahaza® 584 34 0.7 3.6
Teiraodontida
44 Nevodon modestus—“umazurahagi” 17.9 6.3 0.3 0.5
45 Navodon modestus— “umazurahagi” 9.5 0.0 0.5 0.8
46 Fugu vermiculare porphyreum—‘mafugu” 25.5 3.4 0.7 1.3
47 Fugu niphobles—*“kusafugu™tt 41.0 — 04 —
48 Lagocephalus lunaris spoadiceus—‘sabatugu” 34.3 0.7 0.2 0.3
Cottida
49 Sebastiscus marmoraius—kasago” 31.5 — 0.3 —
50 Hypodytes rubripinnis— “haokoze” 43.7 4.3 0.4 0.9
51 Hexagrammas orakii—"‘ainame” 71.8 3.9 0.9 0.6
52 Onigocia spinosa—“‘onigochi” 43.5 5.2 0.5 1.4
53 Suggrundus meerdervoorti—“megochi” 62.0 10.0 0.4 2.2
54 Lepidotrigia microptera—“kanagashira” 26.7 12.0 0.8 2.3
Pleuronectida
55 FParalichihys olivaceus— “hirame” 7.0 — 0.4 —
56 Fseudorhombus peniophihalmus— 37.8 — 1.4 —
“tamaganzbbirame”’
57 Pleuronichthys cornutus—"‘meitagarei” 22.7 0.8 0.3 6.7
58 Limandg yokohamae—""makogarei” 32.0 — 1.8
59 Heteromyoteris japonicus— “sasaushinoghita” 53.6 7.9 0.7 1.2
60 Aseraggodes kobensis— “iobisasaushinoshita”™ 65.6 12.3 0.4 2.2
61 Paraplagusie joponica—“lkuroushinoshita” 52.6 — 2.2
62 Cynoglossus interrupius—"‘genko” 42.4 — 1.2 —
Lophiida
63 Lophius liiulon—kianko” 46.1 2.3 0.3 —

+.71 Marks indicate freshwater and eurhaline fishes respectively.

* Legend as Table 1.
3 - .
** Entire animal.
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Statistical comparison beiween ordinal average contents of trimethylamine oxide in the
muscle of saltwater fishes shown in Table 2.

2 o= o S
S EE 9. 2
§28388%¢
NELELEEETL
Rajida(133.7%) D o B
Clupeida(9.2™) SN R O U R O
Myctophida(36.0%) || +[\|—=|—] |—]—
Anguillida(67.9%)  [— 4|+ T
Percida(56u4~*) 4l Ny
Tetravdontida(29.7%) [— 4 —|-\J=]-
Cottida(54.9™) S TR
Pleuroriectida(ﬁ?uo*) 4]+ 4

* Average trimethylamine oxide content (TMO-N mg%).

The sign plus indicates that trimethylamine oxide content of A

of B.
The sign minus indicates that trimethylamine oxide content of A is significantly lower than that
of B.
The blank indicates that trimethylamine oxide content of A is equal to that of B.
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Table 4. Identification of KOH-amine by thin-layer chromatography.

is significantly higher than that

Sample Muscle Viscera Sample Muscle Viscera
No. | MMA DMA TMA | MMA DMA TMA|| No. | MMA DMA TMA | MMA DMA TMA

1 -~ — + - ~ + 16 - - + _— = —
2 - - 4 — — + 17 — — + — — +
3 - — + —_— e 18 - - + _— = -
4 - — + — — + i9 - — + —_— = —
5 — — + — — + 20 - - + _— = —
6 3 . - . _ KX 21 % ok ok R N -
7 — + + — + + 22 — _ — —_ — +
2 — + + — + + 23 — — + - — —
9 — + + - + + 24 — — + - — +

10 - - + - — — 25 - - + - — +

11 + - + - + - 26 - - + - — +

12 — - + - - - 27 — — + _ = —

13 — — + + — + 28 — — + — - +

14 — - + - ~ + 20 — - + — + +

i5 - - + - — + 30 — - + - ¥ +
* Entire animal.
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Table 4. — (Cont’d)

Sample Muscle Viscera Sample Muscle Viscera
No. ' yMA DMA TMA | MMA DMA TMA No. | MmA DMA TMA | MMA DMA TMA
31 - - + - —_— — 48 - - + - - +
32 — - + - - ¥ 49 - — + R
33 - - + - - + 50 - — + - - +
34 - - + _— = — 51 - - + - - +
35 - - + - - + 52 — — - - - +
36 - - + - - + 53 - - + - - +
37 - - + - - + 54 - - + - - +
38 - - + _ = — 55 - - * _ — —
39 - - - - - + 56 - - + _ = —
40 - — + - — + 57 - — + - - +
41 - - + - - + 58 - + + S
42 - - + - — + 59 - - + - - +
43 - - + - - + 60 - - + - + +
44 - - F - - + 61 - - —_ = —
45 + -+ - -+ 62 S _ = —
46 - + + — + + 63 - - + - — +
47 - - + —

ZCAVA KOH-7 3 ¥ R8s  cBiiis kL 2 7 L7 FEIIZ 520 MMA kg s na v
DMA D—ifid TMA L2t n 5™,

4. & £

BIERE O TMO BBz oW THEOMEERE L L THESRIOR L, &b, RPOHEOHES X
UL NZERAE S iz o 2, ZOEO S LA 6, EEEREICOVWTERNO TMO &84 —RATES
B L, B 80,23 %1872, kT 2HEIO TMO BBOSELE RO TH 6 ROBRENR 2, 2O
» SIEEM ARG TMO 5813 2, Hr¥Frf BFRET, KWty 7P EL, ZRIZRWTE Y
HEEHLLENED, 23y, ¥V, AZXXBLUTIEIRETHS L HbP 5,

B EIEG RO TMO 2BEABEREN 2LV EV I L IELE SRR L —RL TV 5, BEEFEER
smh, 4 5 EOBED TMO BEAEEThHS 2 L1k SHEWAN 51U DYER"Y OIlE R8T 2, 57
Hizgoont TMO BB0AxWEIR A VHET, ShEEESOEREL LU DYER™ 0l &~ 3 7,
SHEWAN D O4EiE L 87 3, SHEWANIZH L A « b 3 A RO TMO BBH Y 7 5L U=y VD21
EDEWEEE LTV S, BEEEEED, R0 TMO 8P RE0EEIE = vH, ¥YHE77HT
b5, BELOBETL=VYEREIUY FEMRETSHY, DVERY =YY B LUF Y BARET
HBLMELTVWS, B, DYER V3o & LT A% HEEZ B oRB RO TMO SEAE
WEIBHLTWAY, ZhiIzAZFELOBRE LT 5,

W b DI KR O R RET, K TN DEEDE,IZTETES, LT,
ZhD SRKEAROERERTS 2 LA TCE LV, LA L, BENED TMO 212DV TIIEIEIZOW
THESNTWLIDT, FADFR LY —RIZEVEVZ L),

—%, KOH-7 3 v EEDER S LUREER, 6, FESNO TMASER, ERENONLER
2.3 340 e L L e X B TMA 8B4 20RO 2 EF LIS LD LV 2 5,

13, 18,
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Table 5. Trimethylamine oxide content of the muscle of fishes recorded in literature.
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Species™

Content

CYCLOSTOMI
Myxinida

Myxine gluiinosa—hagfish

CHONDRICHTHYES
Selachii

Heterodontus japonicus—*‘nekozame”
Cephaloscyllium umbratile—“nanukazame”
Chiloscyllium griscum

Sphyrna zygaena—“shumokuzame”

Sphyrna malleus

Zygaena blochii—shark

Trygon microps

Trygon urnak

Carcharias laticaudus—shark

Lamma ditropis—“nezumizame”

fsurus glaucus—"‘aozame™

Mustelus manazo—"hoshizame”

Mustelus griseus—“shirozame”

Mustelus kanekonis—“soboshirozame”

Triakis scyllin—*‘dochizame”

Carcharhinus gangeticus— ““mejirozame”

Pronace glauca—*‘yoshikirizame”

Squalus acanthus— Atlantic spiny dogfish,
dogfish, spiny dogfish,
“aburatsunozame”

Squalus suckleys—dogfish

Seyllium canicula—dogfish

Pristiurnas melanostomus—spotied dogfish

Hydrolugus colliei—ratfish

Rajida

Rajo hollandi—*“isagogangiei”
Raja clavato—razza

Raja batis—blue skate

Raja laevis—barndore

Raja senta—smootih skate
Raja scabrata—prickly skate
Raja erinacea—litile skate
Raja spp.—skates

Dasyatis zugei—"“zuguei’’

Dasyatis kuhlii—‘yakkoei”

Dasyatis akajei—“akaei”

Urclophus aurentiacus—*‘hirataei”
Myliobatis maculaia

Tetranarce occidenialis— Atlantic torpedo
Mobula japonica—“itomakiei”
Rhnchobatus djeddensis

mg N/100g

641

17931)

265 ~271(mean,268)°"
g3

1867 755

107

245%
4924)

104%
23920)

1634 186 % ,239~248(mean,244)%

187%0

2738 2733 225~273(mean,252)%

18930 ,204°%Y
2333 2073

259~ 324(mean,282)%

1843

146" ,155% ,184~276(mean,221)°Y
2677 ,132 ~193(mean,173)

150~190(mean,174)?
192 1733

123 ~189(mean,156)”
2676

202%

169 ~188(mean,179)""

254 18, 31) 22831)
87-~99%

205%7 ,206%

2337

997)

507) ,37-~160(mean,73)"
8614)

46.7 ~119(mean,89.6)?
77.8~127(mean,101)?
14031)

156%

106 ,105%  ,233%
196%

2924)

116%

266

8724)

— 37 —
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Table 5. — (Cont’d)

ARAER 22 (2)

Species™ Content
mg N/100g
Trygron imbricata 46"
Rhynopiera sp.—skate 16027
C'STHEICHTHYES
Clupeida
Tarpon atlanticus—tarpon 43

Konosirus punctaius—"konoshiro”

Stelephorus japonicus—“kibinago”
Clupea palizsi—*‘nishin”

Clupea sprattus—herring, Pacific heiring
Clupea harengas—herring

Clupea alosa—cheppia

Clupea lile—white sardine

Alosa sapidissima— American shadit
Pomolobus chrysochloris—alewifet
Pomolobus pseudoharengus—alewifett
Sardinops melanosticia—"“maiwashi”

Sardinella albella
Sardinella longiceps—oil sardine
Sardinella fimbriata—sardine
Hilsa kanagurta—sardine
Engraulis japonica— “katakuchiiwashi”
Engrauliis encrasicholus—alice
Leucichthys artedii—shallow -water ciscot
Oncorhynchus nerka—""benizake” {1
Oncorhiynchus tschawytscha—king salmont
Oncorhynchus masou—"‘sakuramasu’™ |
Oncorhynchus kisutsh—silver salmont
Salmosolgr— Atlantic salmontt
Salmo  irutta—troutt
Salmo fario—trouty
Salvelinus fontinalis—Eastern brook troutt
Salvelinus pluvius—“iwana’™f
Plecoglossus altivelis—“ayu™7
Osmerus mordax—American smelit
Esox lucius—piket
Esox niger—pickerelf
Argentina silus— Argentine

Myctophida
Saurids fumbil

Cyprinida
Cyprinus corpio—"“koi”™}
Tinca vulgaris—tenchy

16.2% 1% 52" 14.9~17.5¢
mean,16.4)"”  ,19.1~ 20.4(mean,19.9)*"
0.7%

39.2%

6 ~25(mean, 14} 69

58.4°% 821~ 110(mean,89.6)7) ,10~64
(mean,36) 1V .67~ 81(mean,74) W
33.2~37.9(mean,36)%

20.9~21.6%

43'420)

4514)

35"

33~ §2(mean,44)

9.34 7.1~ 9.4(mean,8. D  ,1.0~16.5
(mean,8.8)2 1.6~ 23.0(mean,12.3) %
26.3% 1.9~ 4.5(mean,3.0)"”
54.4%

30.2%

49.0%

39.2%

33.2% 192% 2119 51" 126
10.8~11.8%

21" 6"

6.5 5.8%

0~0.899% 9.9~11.6(mean,10.8)"*** 2.5
3.7Y
8.7~11.6(mean,9.8)
15.5",4.7, 24"
1.7%

12.3Y,13.6"

1314)

04)

04)

2714)

2.6%),4.4~5.1(mean,5.1)*,3"
i 13)

44)

10)

3 14)

[
B =

582

0.3~ 0.7(mean,0.5)*,0.24,0% 0%,2.4%
4,.6%
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Table 5. — (Cont’d)
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Species*

Content

Abramis vimba—breamt
Leuciscus erythrophthalmus—ruddt
Leuciscus cephalus—chubt
Carassius auratus—‘funa”,goldfisht
Notemigonus crysolencas—Eastern golden shinnert
Catostomus commersonii—suckert
Moxostoma aureolum—Northern redhorsef
Semotilus atromaculatus—creek chubf
Misgurnus anguillicaudatus—“doje ™t
Parasilurus asotus—‘‘namazu’
Amevrus nebulosus—catfisht
—catfish

Ameurus sp.—bull head}
Anguillida

Anguilla japonica—“unagi”™+

Anguilla rostraia—eelt

Anguilla vulgaris—eel} T

Anguilla bastoniensis— American eelt+
Notacanthida

Notacanthus nassus
Cyprinodoxtida

Oryzias lntipes—“‘medaka™t

Fundulus heteroclitus—mummichogt

Fundulus diaphanus—banded killifisht
Belonida

Belone belone—agula

Athennes hians

Cololabis saira—‘sanma”

Hemiramphus sajori—“‘sayori™ §
Scomberesox saurus— Atlantic saury
Cypselurus spp.—*‘tobiuo”

Prognichthys agoo—“okitsutobiuo”
Percida
Menidia notata— Atlantic silverside
Mugil cephalus—“bora”, cefalof}
Mugil sp.
Mugil aewr—mullet
Chirocenirus dorab
Thurnus thynnus—“kuromaguro”, bluefin tuna
Thunnus alalunge—*“binnaga”™
Thunnus o bseus— “mebachi”

Thunnus albacares—kiwada”

mg N/100g
0.9~17.2(mean,7.4)%
1.0~ 10.5(mean,5.8)%’
4.2~ 7.5(mean,5.9)%
0.89,42% 3.4%
013}
07
014)
214)
0.6%,2.1%
0.3%,1.9%
0"’
46.7~48.5(mean,47.6)",39.2 ~ 78 .4(mean,61.6)?
013)

0.7%
07%, 0.2 ~0.9(mean, 0.7)"**
37.3~52.3(mean, 46.7)7***

2.1(entire animal)®

1414)
0 14)

39.6%

4324)

0%),8.6~33.7(mean, 15.1)"" ,22%,
74% 6.3% 86~13.5(mean, 10.8)%
14.1%

1714)

25", 32.8~44.0(mean, 38.6)",
26.2~34.6(mean, 30.7)%

11.8Y

2814)

1.6",3.8% 5.5%
2424)

38.5%

65.8% 36"
0.3%,0.6Y,4% ap®

139,559,297 3.2, 0.2~17.1Gnean, 7.6)%
3.3~ 16.2(mean, 11.0)%Y , 3.2~4.3(mean,
3.8)4 | 14.6 ~17.8¢mean, 16.2) 47 |

309, 2.0~14.7(mean, 5.0)* , 9.8 ~98.3(mean,
22.3)% ,1.1% [ 3.0-3.1(mean, 3.1)7 ,
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Table 5. — (Cont’d)
Species*® Content
mg N/100g
10.0 - 16.5(mean, 13.3)*"
Neothunnus macropterus—yellowfin 2.7%)

Katsuwonus pelamis—“katsuo”

Auxis thazard—“hirasoda”™
Auxis tapeinocephalus—*‘marusoda”
Scomber japonicus—“masaba”

Scomber scombrus—mackerel, Atlantic mackerel,
sgombro

Rastrelliger kanagurta—mackerel

Scomberomorus niphonius—“sawara”

Scomberomorus commersonii

Xiphias gladius—broadbill swordfish

Trichiurus lepturus—"‘tachiuo”

Trichiurus savala—ribbon fish

Trachurus japonicus—‘‘maaji”

Seriola quinqueradiata—*‘buxi”

Seriola dumerili—amberjack(rudderfish)
Palinurichthys perciformis—black rudderfish
Leiognathus nuchalis—“hiiragi”
Stromateus cinereus—white pomfret
Stromateus niger—black pomiret

Pampus argenteus

Pronotus triacanthus—butterfish(dollarfish)
Arcroscopus japonicus—‘‘hatahata”
Oplegnathus fasciatus--*‘ishidai”

Mullus barbatus—trigla

Lateolabrax japonicus—“suzuki”

Roccus saxatilis—seabass

Scigena coitor—jewfish

Leiognathus bindus—silver belly
Platophrys panthering

Argyrosomus argentatus—‘‘ishimochi”
Sillago sihama—*‘kisu”

Girella punctata—“mejina”

Gerres sp.

Corax leptolepsis

1.9 ~3.0(mean, 2.5)*" , 15.6 ~20.4(mean,
18.0)4 , 35.8~69.8(mean, 52.8)"
0.8 ~3.9(mean, 2.5)%
1.6 ,15.97 | 3.7%

7.0", 53.7~63.7(mean, 58. 7)19
~ 45 4(mean, 16.0)2) , 4.9% 910,622)
4.1~ 5.2(mean, 4.1% , 4.7~ 6.9(mean,
5.8)% ,28% | 5.3~22.5(mean, 1297,
12.4~27.4(mean, 21.4)*
41.1~54.1(mean, 48.5)7/, 31~ 38(mean,
34y | 27.5~28,8%
33.520
21.7Y
2824)
431,319
30.8%, 69.4%
80.320
39.3%) | 44 ~56,8(mean, 52.4)2Y , 9.5% ,
40.5 27470 | 26.3% ,19.0" ,
22.2% 394 ~42.6(mean, 40.7)7
54.9~67.9(mean, 61.3)*
1.84,10.7%, 53.8~74.0(mean, 63.9)9 ,
5.14 | 7.94  22.8~23.9(mean, 23.4)% ,
29.5~31.8(mean, 30.7)*"
6014)
5914)
0.6%
65.8%)
68.2%
5524)
5814)
2844)
5.8%
37.6~43.2%
49.3~61.2(mean, 53.9)%, 9.1%,41.5~60.2
(mean, 51.0)", 21.9~28.4(mean, 25.0) "
61.610
54.8%
64.8%
3624)
42.0%
1544, 21% ,11.8%
24.5%

40 24)
547
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Table 5. — (Cont’d)

Species* Content
mg N/100g
Mullicides flavolineatus 51
Arius sona 362
Arius dussumieri—catfish 17.8%
Scatophagus argus 334

Porapristipoma irilineatum—“isaki”

Therapon oxyrhynchus—‘‘shimaisaki’”
Y

Taius tumifrons— “kidai”

Pagurus major—“‘madai”

Acanthopagrus schlegelii—*kurodai”
Lepomis gibbosus—sunfish

Box boops—boba

Pagellus eritrynus—pagella

Pagellus mormyrus—mormora

Lethrinus cinereus

Amarhicas latifrons—broadheaded catfish
Amarhicas lupus— Atlantic wolffish(catfish)
Macrozoarces americanus—ellpout
Ophidion barbatum—galletlo
Pierogobius elapoides—‘‘kinubari”
Ditrema temmincki—“umitanago”
 Tueniotoca lateralis—blue perch
Serranus diacant hus—perch

Perca fluviatilis—percht

Perca flavescens—yellow perchf

Morone americana—white percht
Trachinus draco—pesce 1agno
Uronoscopus scaber—lucerna

Pomoxis nigromaculatus—black crappiet
Micropterus dolomieu~smallmouth basst
Lepomis marginatus—blue gillt

Tetraodontida

Stephanolepis cirrhifer—‘kawahagi”
Fugu niphobles—“kusafugu™t+

Fugu vermiculare—"*mafugu”

Mola mola—sunfish

Cottida
Sebastes inernis— “mebaru”

Sebastes baramenuke—‘‘paramenuke”
Sebastes vulpes—“kitsunemebaru”
Sebastes marinus—rosefish

Sebastes sp.—rockfish

Sebastodes melanops—black rockfish
Sebastodes ruberrimus—red rockfish

16.6% | 63.3~69.2(mean, 66.1)*7 |
20.4~33.7(mean, 25.5)*"

31.94

5.0%

22.1~31.9(mean, 25.5)% , 33.0% |
0.3~7.4(mean, 3.9% , 0.7% , 20.7
~48.2(mean, 34.0)% ,48.5% | 19.2%
19.8%,18.3%

613)

32.2~50.0%

48.2~50.2%

47.3~49.7%

5524)

5614)

53~68(mean, 63)¥
61.8,63.51), 69~ 73(mean, 71)"
69.9%

13%

37.6~47.2(mean, 40.3)% , 16.3%
67.210

77.4%

0%,9.9%

07)5 013) , 014)

12 * 5910

78.7~80.3%

79.8~80.9%

5%

5 13)

7%

13.29,46.1% 627 ,6.9%

145 5.2%
21.0%, 106
7014)

36.7",19.0%" , 64.2~68.0(mean, 65.6) 4,
30.0~33.7(mean, 31.9)%

90.0%0

23.3%

58',92W

22.4~67.2(mean, 52.6)"

934

90!
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Species*

Content

Sebasiolobus macrochir—*kichiji”
Inimicus japonicus—“onickoze”
Anoplopoma  fimbria—*“gindara”

Plurograminus azonus—“hokke”
Hexagrammos stelleri—“‘ezoainame”
Hexagrammos otakii—"ainame”
Ophiodon elongatus—lingcod
Suggrundus meerdervoorti— “megochi”
Platycephalus indicus—"kochi”
Hemilepidotus gilberti—“yokosujikajika”

Myoxocephalus groenlandicus—shorthorn sculpin
Myoxocephalus octodecemspinosus—longhorn

Cyclopterus lumpus—lumpfish
Chelidonichthys kumu—“hdba”

Lepidontrigly micropiera—"‘kanagashira”
Trigla corax—triglia

Pleuronectida

Paralichihys olivaceus—*‘hirame”
Hippoglossus vulgaris—halibut

sculpin

Hippoglossus hippoglossus— Atlantic halibut

Hippoglossus stenolepsis—Pacific halibut
Hippoglossoides dubis—‘akagarei”

Hippoglossoides platessoides— American plaice

Cleisthenes pinetorum—‘sohachi”
Fopseita grigorjewi—“mushigarei”
Limanda herzensteini—"magarei”
Limanda ferruguinea—dab, rusty dab

Limanda limanda
Kareius bicolorarus—“ishigarei” {7
—plaice

Liopsetia obscura—"‘kurogarei”
Pleuronectidae sp.—flounder
Pleuronectus microcephalus—lemon sole

Pseudopleuronecius americanus—winter flounder

Glyptocephalus cynoglossus—witch
Rhombus maximus—1ombo
FEucitharus linguatula—cianchetlone
Microstomus achne— “babagarei”
Cynoglossus bengaiensis
Cynoglossus semifasciatus—scle
Solea solea—soglicla

Gadida

Gadus macrocephalus— " madara”

mg N/100g

90.3%, 100~131(mean, 109)°Y,44.6%9,44.2%

44,84

105.0~117.5(mean, 111.2)*" , 45.0~
49.0(mean, 47.0)4)

81.3% | 2094

4.8%

23.3%

8414)

37.8%

53.3%, 61.6%

26.1%

9814)

72~110(mean, 91)"

4514)

37.8%), 37.9~ 45.0(mean, 41.5)" ,
21.2~ 24.0(mean, 22.6)%7

20.7Y, 24.34

37.6~43.2%

34.5%, 78.4% | 16.3%

50.4Y

65~75(mean, 700"

65 14)

28.6%

9314)

18.7%

30.0~50.4(mean, 42.1)%V |, 16.5*
39,24, 4.7~37.2(mean, 20.8)% , 9.8*Y

787,29.9~37.3(mean, 33.6)'? ,69.1~106(mean,

82.1)% 21~ 88(mean, 62) ¥
30~37(mean, 34)%®
14.4%,12.1% 659 400, 15%

20.5~24.3(mean, 22.4)% , 35.5~67.2%(mean,

52,31

45.7 41)

26.6~29.4(mean, 28.0)Y
35.59, 64 ~92(mean, 70) ¥
46.7~ 100.8(mean, 70.9)7
43.9~104.5(mean, 57.9)7
62.8%

84.2%

30.44

3624)

38:620)

39.8~40.7%

2544, 77 ~195(mean, 128)%

4D —

4
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Table 5. — (Cont’d)

Species® Content
mg N/100g
Gadus aeglefinus—haddock 72.81, 41.1~56.0%), 63.5~80.3(mean, 70.9)")

30 ~58(mean, 47V, 19.0~51,3(mean, 43.9}2)
59.7~140¢mean, 80.3)"% , 43~ 83(mean, 70)¥
19~ 51(mean, 44)% , 60~ 140{mean, 81)%

Gadus morhua-codling, Atlantic cod 85.91,67.2~112%, 50~92(mean, 66)'"
67 ~115(mean, 95

Gadus callurias—cod 110~146(mean, 1257, 41~ 73(mean, 62)%,
19~200(mean, 103)®

Gadies merlongus—whiting 44,15 44 ~57(mean, 51)%

Gadus vivens—cod 40%® | 56~68(@mean, 77)%®

Gadus sp.—cod 41.4~72.8(mean, 61.63%
18.7~ 202(mean, 103"

Gadus poutassou—occhialone 136.2~137.5%

Scorpaenichthys mormoraius—bulleod 6410

Theragra cholcogramms—“suketddara”™ 57 ~194(mean, 128)% ,85.2% §0.7~

154(mean, 96)%® , 105 ~120(mean, 112)*"
54 ~61(mean, 57)*

Lota lota— burboi(freshwater ling)t 216,157
Merluccius merluccius—merhuzzo 58.5~60.7%
Merluccius bilineoris—siiver hake 89 ~123(mean, 1063
Pollachius virens—pollack 27.3Y, 82.1~93.3(mean, 29.6)", 40~
76(mean, 55}
Uroplycis sp.—hake 145.6 ~183.9(mean, 166.1)"
Uroplycis chuss—squirvel hake 147 ~176(mean, 166)”, 100 ~140(mean, 120)¥
Brasme brosme—cusk 651
Macrourus berglax—smooth spined rat-tail 85'
—coalfish 39.8" |, 56.0~98.0(mean, 77.5)"
Lophiida
Lonhius piscatorius—goosefish(monkfish) 47 ~75(mean, 591
Lophiomus setigerus—*anks” 35.0%

*, 1, Tt in the first column, legend as Table 1.
*gkk kwk in the second column,  caught in freshwater, brackishwater and saltwater
respectively.
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Table 6. Statistical comparison between ordinal average contents of trimethylamine oxide in the
muscle of saltwater fishes shown in Table 5.

g 08
R
= "g :g o % « g « %
SIS TESREELEDE
h 232282828 3% %
NEEEE LR
Selachii(193.2%) S N TN VT Y
Rajida(99.0™) —INJ
Clupeida(31.0%) — = — =
Belonida(19.1%) — ==
Percida(28.3%) —| =1 i+ [
Tetraodontida(22.6™) | — — o= —|—
Cottida(54.4™) R T N
Pleuronectida(46.8%) |— | — |+ |+ |4+ [N —
Gadida(82.8%) T =
Lophiida(47.0™) = T+

Signs, legend as Table 4.
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