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STUDIES ON FOOD POISONING OF MOLLUSC ESPECIALLY OF SQUID AND
OCTOPUS MEAT.

I Prosimrity and Decline of Amines during Putrefaction of Squid Ment.
Terushige MOTOHIRO and Eiichi TANIKAWA
(Laboratory of Marine Foods Technology, Faculty of Fisheries, Hokkaido University)

When the samples prepared, raw, roasted, boiled and vinegarized were left under
aerobic or anaerobic conditions, the increase and decline of ptomaines produced were
detected by paper chromatography where determining the volatile basic nitrogen is
employed nas the standarized freshness test. On the other hand, in order to investigate
the poisonous properties and symptoms of poisoned animals, an examination of the
animal test by feeding with those samples was made parallel to above stated experi-
ments,

The results obtained were summarized as follows:

{1) When the samples were putrefied under either aerobic or anaercbic conditions,
the coarse of decomposition of protein which was gained by the authors was different
from Yamada’s result.” Under aerobic condition, the samples were rather more
rapidly putrefied than those under anaerobic. Reversely the degree of decomposition
of protein under anaerobic putrefaction-was much greater than thut under aerobic.

Comparing the kinds of samples, volatile basic nitrogen from raw squid meat has
more rapidly increased than was the case with other samples. For roasted squid
meat, the amounts of volatile basic nitrogen have not so rapidly increased as in raw
meat, and in boiled squid meat, most slowly. These facts are due to some such
reason as the differences in the respective processings. That is to say, for processed
squid ment, putrefactive bacteria were sterilized and autodigestible enzymes were
decomposed by the roasting or boiling. Further, long periods are needed to decompose
the tissues through growth of bacteria. =~ |

(2} In determining the relation between the amounts of volatile basic nitrogen and
the increase and decline of ptomaines, for all saminples except those prepared with
vinegar, it was found that before rapid increasing of volatile basic nitrogen, histamine
and arcaine have appeared. Other ptomaines have appeared at about the time of in
‘connection with incipient putrefaction. Ptomaines recognized by paper chromatography
were histamine, arcaine, tryptamine, tyramine, agmatine, ornithine, cadaverine, putrescine,
indol and skatol. In the annerobic putrefaction of raw squid meat, indol was
recognized. It was immediately before incipient putrefaction that indol appeared.
This is quite in agreement with Clough’s results reported on salmon®,

{3} As to the results of determination by animal assay of cause of poisoning and
physiological effects of produced ptomaine, it was found that the animals have died
after having presented symptoms through vomiting, diahrroea, clonic and tonic cramp
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successively. This fact was in agreement with Takase’s description®™ From this face
‘the authors have considered that some of the causb of death of tested animals were
due to the toxic substances (e. g. enterotoxine) produced by bacteria. For squid with
vinegar the rate of increase of the amounts of volatile basic nitrogen showed very low.
However, ptomaine has been produced after leaving 48 hours in summer. It is difficult
and dangerous to decide the degree of putrefaction by organoleptic tests. When the samples
containing above 50mg% of the amounts of volatile basic nitrogen, were given to animal-
8, their intestines were swollen with replete gas.

ANA T BET . ZOBRRS % 2RABHTBHGHEOER © 21 8 o8 > Tilf
KIEG T OMBECHHRE LI BC A 2v, BIUKRELBLETIRELOTH 535 ZONM
BRPNEORABMECI DT I /) BOo LK+ D ARRBC L oTED 7 2 ) BICHET S
Ty nERT S LRREECSBREIN TV S, BIcEESE A vAz KB LEEZET
T Lo 4BYRoESHE vl L. RRFCBICETORE 284 L. BUERIHHom
Erdpls o8B ol B Bl 2H R BREEAREE TAET 20K IKE
Td5 L L. Aoz 0EH 30mg/100gm i RnciifloBRic T+ 2H ¢ HB LD, RE
BTEA A (E1 0 By BAD B4 286 ELS ZE&EL%%&@@%&@%
WERLHET 5 stic, BREFCROTER LIV REKE T 5 L BN a@lk 7 < » L
L RO R & 1% L—F F—3tH & IV TSR L 51 L T2 OB bR A & LeGH
B, BEEEHSECRT 5 7 2 vHOBECOWTR, AR FHECHEABERE T 9% R
HCEREEARS R RERE <2 Y 2 HEE LTERACER 2880 7 2 v HolE
FR—R—puw b7 7BCK IR L. FB. ERINMERD 4 7 o 230 LEWRERKC X
DBRBOEMNERL TS,

B B o #

HtloHE ¢ F IRl 2z BRI VERL 230t E L, BBoRe L2
FFRWBRECHEROBR O e KL,

HFSRHIRR TR A 0 2R MMORBHC B DT Z & 50gm FHEE B~ b ¥ —MICFRL
7 b OBIR L HE Ly Sl (28°13°0) whid® Ly EEROME—~HEEER L, B4 5 TRER
o LABCRE Lk, Boh X VIRE U, B ek Lo Y ~Mic i L, iR
A (B0°C) M iKE L %o ‘

HREt eI kAR - EBICIEE L7tk B 2 A AR hic 50gm 548 LikE)
NPT 4RO TR LB L BicT 2B EML. <7 74 > THEZ LOMALHEH L.
& BEmc —RyEARct L 7.

WEAE ¢ 7 3 cHomilid: A 1~2gm 2R ) EECEB KMz Hic 104 NaOH
PRuEEM LT A VL A L S0RHES oM E Pl L2k, 2B 25RO n-
FI I~ EMEAECRELCS Y ) -2 BBRAELHL. COIOE—KTo~——2u~<}
5373 X VEMUL AEEE: LTz 10% NH:OH #f7% / ~r AW EERC L YV LR
a Lad7et Ninhydrine [, Dithiocarbamate i, Diazo KE® M LT 7 2 - Bz

— 155 —



WL, XEA—-HABEHVEELABEORAEC L) T2 )~ BHEKERBALY A v F =2
EEc X o<, Pyrole B B35 {LaWoBM 2 fiok. MTHHEE LTT I YHoMB(LR
g Hoc LEREoRGEERC X V7 3 vEoBEaMBE B L TEVe

MR LSRR OMIER : 5K & A Weber and Wilson Eic X-D%,

ByniARR  REWG . FEHMAEBIAN X ) FHERT 7o Mouse & L Voo #E MENICIREL
FBEAE. BTH L b EME R FARORECHE D ZICHE 2gm £/ 8 lem e X ML
Bk E LB R 2 IR LB HRR 2 B D BRE 2 ME T 5, LEHC X 2358510 5k 80gm
YRR oEMAK LML A albmose, pepton K& RE T2 RBER 7 >~ = > 2L L O,
BB, BRI E & LSS v A 7 v IBIRIK R I LECIREBT 5, L ilkE 7 »
HIMHEE L BHOBY » A7 Y BERET 28R40 Ba(OH): R EM L. B8 2,
e CO: U IBHE L Ba(OH): £\ 2iBko B EHE L RS —KT X~ N~ "
~ b5 7B X VBBEL. 7TV HEHEL L ‘

E B B R

1. Paperchromatography [Ck 3B 7 3 >D&R
Lot & B X VB o A2 HBERRRKOM TH 2,

1 &4 20He
A BERE L L0 doTRE 1 Eom e HREEEsRR el L. R oBRRBEICR
Tablel Amount of volatil ' : d -z Paperchromatogra-
able 1. ount of volatile basic nitrogen during .-
putrefaction of raw squid meat. phy L X DVERT I v &
Aerobi - W LA #E R RS 1 E~
Sample erobic Sample Anaerobic AR
Tune e B8R TMmL CTHD
No. | elapsed| pH NHs-N g, . elapeed | pH NHs-N 1 4
by | (mg2z) (hrs.) (mg2s) MbFEIEE v 4EE
Ay | 4 60 | 351 Bi| 5 6.0 | 3.00  TCREFNEMCIZT
Ae 12 6.0 5.49| Bg 14 6.0 4,91 I FOBETHI X
Ay | 22 6.0 | 19.80| B | 24 6.0 | 9.8 ORI L v 2B D
Ay 25(3) 6.2 33.75 §4 26 :-2 20.52 Rf 2plTHEb Lk, &6
As 3 6.6 49.95 5 29 .6 30.32 . .
d M
Ae | 32 | 7.2 | 60.63] Bs | 31 70 | 6142 ~ LHIX Ninhydrine &2l

THEf LA, 887 2
7 RO R b R 2 5. 4EHECRWT, 0~0.1® band & taurine,
proline ,ornithine, lysine, & CEZWTH D 0.41~0.50 i+ tryptophane & B itr. 0.58~0.65.
{% tyrosine, 1.0 JfisE® % 1& phenylalanine ‘T $ 2, 12 Hic R\VT i, tyrosine, phenyl-
alanine X% LTw» %o 22 HCE b 0.7~08 ® band & histamine T& p. 0~0.1 Kr
0.4~0.5 JHiEO b DIXRTH A -WE T 5 5o KR HCR VTR, 04~05KHED band 3
fyx EHCE L, 0.456~0.55 oo band gt \WT b RTHOMELISMC cadaverine, agma-
tine % R ORI 4B S uo4s REBHIBR A mD e, S0BRI T 1.0 PR 7o B 43
B L 72 s BEBH 70720 T L CHEOWER 183205 H ek L Tco 2B H ic it 2 0.7~
093 © § i3 histamine J tyramine OIEAWTH Do 5 2k dithiocarbomate KT k
2 SEMEO RE Th 575, LORECE o7 2 /7 £ EH T2 LM EN 2. HOTLH
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Fig. 1. Amines recognized by ninhydrine

reaction of raw squid ment under aero-

bic putrefaction.
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Fig. 8. Amines recognized by diazo ren-
ction of raw squid meot under uerobic
putrefaction.
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Fig.2. Amines recognized by dithiocar-~

bamate reaction of raw squid meat under

aerobic putrefaction.
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Fig.4. Amines recognized by indol rea-
ction of raw squid meat under aerobic
putrefaction.
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Fig. 5. Amines recognized by ninhydrine
reaction of raw squid meat under anae-
robic putrefaction.
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Fig.7. Amines recognized by diazo re:-
ction of raw squid meat under anaerobic
putrefaction.
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Fig.6. Amines recognized by dithiocar-
bamate reaction of raw squid meat under

anaerobic
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Fig.8. Amines recognized by indol rea-
ction of raw squid meat under anaerobic
putrefaction.
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M H it 3 001~0.1 0¥ 13 taurine, B—alanine, lysine £OIRAWBTH 2, 120HH
©0.01~010 30 b F—WETH 5, L 0.9~095 iR CH b ZWE L arcaine TH b, 22
B H I » 0~0.1 RISl b hsowk, 2B H® 0.T~09 iAo band Kk 30
R¥MH H o 0.65~0.950 band |& histamine & arcaien DIEAMWTH 5o 30 KT H 0 32 R
Bo 01HED b»id, agmatine TH b | arcaine E32FA Bicizifk LTtwd, F3ERT
1% 22, 28, 30, 32 BEfH Ick x 0.7~0.85 ffiTiciRb 7z band I histamine T3 h .. X820
HiH® 0.9~0.95 © % © i3 tyramine T 5, 22, 28, 30BEfHic Rf OEWHE 23D b iviedst]
SRR EMNDOXR, F4ED 4N HICidT 5 038~047 © band, 128 H @ 0.36~0.45, 221535
Ho 04~0.5 @ band {33k~ tryptophane T 243, 286 H , S0ERH | 328 B © 0.4~0.55
OWECHE 5 band |3 tryptophane K f tryptamine DIEAMED i1 T3 5, 5B MSVE et
o ninhydrine 2taE o RE TH 245, SEEMBEE® bt/ spot (L4t $ 55 1 Eo 4 B
Ho bt LE—T3 5%, HEHHO 036~0.67 offiBio band X tyrosine, tryptophane o4
WCH D, UHEIHCE D 1OHHEOWE ZERT 548, 0.5 5ED ¥ @ Ik histamine ¢ b
23 26, 29, SLIFBIEC 3380 btk X26MEIHIE Y 08 Hi3ED band 3L LTV 5, 29
K E® 05 @ band & tryptamine TH 3, # 6 EictwT, SHEB® 001~013 o
band X2 W/ D LFEL { taurine, f-alanine, lysine DREWTH 53, X5, MHIEFHH
OSSRl b b spot IXFERRHIR A D7, 14, 24, 26150 B 1T % 0.9~0.95 Ic®. 5 RE
I& arcaine T3 D\ 24, 26, 29, S1i5EI Hic 0.7~ 0.85 B3R ic 8o & §1 2 band & histamine 3
Bo 1929, 3IEEMH® 0.1 fED & 0% agmatine TH 5 5, # T & L 55 8 B L W4« RS A B
¥R L7zo 24, 26, 29, SIREfHHIC 0.7~0.85 ff{i5Ecs8e 645 band 3k « histamine TH Y
SFR Hic ik 0.9~0.95 OfiEIc tyramine AR L 700 X L LFREHIICEY RE&2FH T 2%
DD S, HSETHWT 5RO 0.4 fiiEO spot X tryptophane T # 5 3324,
26 X or 31 Bl B © 0.38~0.53 o #iE o band 1% tryptophane, tryptamine ORSW T H %, 29
S E o 0.5 58D 3 o3 tryptamine ©& v, 04 3ED % ©i3 tryptophane €%, 3 26,
29, 3185 H i 0.9 HEICEE 0 S aWE X indol TH 2,

2) B4 voiFs

WA e AR e AL, TOEBEMEREER r R L AHBAE 2R CRITMLTHY . X
I E~F 2B RN E LBk 35 amine LIFRE L OB RL TV 2, [RARCH
13E ~ 16 B ERAIB T & 3 amine OWELRLALOTH %o HIBcHA Tk 6EE

€ 0~0.11 ¢ % band
Table 2. Amount of volatile basic nitrogen during %

putrefaction of roasted squid meat. R4 2OFHE LA L
Sample Aerobic Sample Anaerobic :Z?rinf' .pr(’l’;le’ ﬂ;’i n;;;
: Time Time | - ine, lysine 2£ o1

No. . elepsed| pH I?H "’o/_N No. |elspsed | pH DEH . N . -

(hrs.) mgg%%) (hrs) | meg%) TV VAHEED b oI

c: | 5 6.0 | 1.85| D, 5 — 2.00 tryptophane C® 2, X

Cq 26 6.0 2.25 D= 24 — 4.74 s

0.56~0.60 B ic 7K

Cg 37 6.2 16.36 Ds 48 — 31.25 I_;‘ﬁ.JEVCT ﬂﬁ

C. 42 6.4 | 21.98| D« | 50 — 41.50 7z band 3B biLiehs

Cs 43 7.0 43.63 Ds 59 — 90.07 2 tyrosine oL T

Cs 48 7.4 77.00 ® 5, 0.95 BHED 3 O
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Fig. 9. Amines recognized by
nihydrine reaction of roasted
squid meat under aerobic put-
refaction.
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¥ig.13. Amines recognized by
ninhydrine reaction of roas-

fed squid ment under anaero-

bic putrefaction.
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Fig.10. Amines recognized by
dithiocarbamate reaction of
roasted squid meat under
aerobic putrefaction.

®

7.0
o7 1
08 || l
o7
a4

i1

as
oH

a2

a/ I I | ! I
O 5 7075 2025 3035 % 0
10U

—

Fig.14. Amines recognized by
dithiocarbamate reaction of
roasted squid meat under an-
aerobic putrefaction.
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Fig.11. Amines recognized by
diazo reaction of roasted
squid meat under aerobic pu-
trefaction.
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Fig.12. Amines recognized by
indol reaction of roasted squ-
id meat under aerobic putre-
faction.
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Fig.15. Amines recognized by
diazo reaction of ronsted squid
meat under anaerobic putre-
faction.
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Fig. 16. Amines recognized by
indol reaction of roasted squ-
id meat under anaerobic put-
refaction.
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phenylalanine T& 3%, il T 026~0.28 oM@ o band IRMEATH 2, 26 HECIZM
O RFERO spot (TR L + X tyrosine & B s band 380 okh D7, Hofh pheny-
lalanine, tryptophane BRUMEW RE £F9 5% 3 0% SR HOm {380 bivk, 36K HI
Z Y tyrosine ¥ 3D 225, phenylalanine ZLE 20 LI TH D4, 2FHE T
0.75 Wi @ spot 12 histmine T®H 2, 0.02~0.1® band (X ZERAMEICED &N eWE &k R
U] ‘ agmatine, [t eadaverine oy { Ebiﬂa %o 48K H @ 0.66~0.90 © band i3 histamine,
tyramine OIRAH TS Y 037~0.55 © band 1F tryptophane, trypamitne DRGHCH 5 ,.X
B Rf 2FT2WER2E0 LD LR —T5 D apgmatine, cadaverine RS TH 2, #1510
[ECiL 5 B H o 0~0.11 @ band & taurine, B-alanine, lysine %53 b, 26, STHf{io 3 @
iZ B-alanine, lysine DIREWTH 5 5, 435 H, SR H b5 band 1 agmatine, pu-
trescine DIESHTH 5, X A3 FEMH, 48 F#i H 1< 0.5 f3Eic38d b 415 spot it tryptamine
TH b 42K Hica b4 5 0.61~0.85 © band iX histamine T» 5, 48 B3l H o 0.62~0.90
@ band iX histamine K (X tyramine OIRAMW T H 5, TR HIC ¥ 5 0.90~0.95, 4285 H
@ 0.90~0.93 @ band |% arcaine TH 5, &% 11 Blicid Tk 42 i © 0.01~0.09, 43 8o
0.01~-0.11 F 4B H © 0~0.11 @ band i% cadaverine, agmatine, putrescine @ {E&MTH
2o 42, 43, 8 H A b L5 0.T~08 fifiio band i+ histamine T v, 43, 48 FEEB I’
WT 085 fiiEO spot i tyramine T &5, FHI2McH s SR, 2605 H ., 43757
Ho 04 BE® band & tryptophiane T & b, 42858 Ho 0.51~0.69 » band, 43855 Hl o 0.58~
0.69 @ baud, 48 A H it b B 0.55~0.66 © band 1% tryptamine ‘TH 3, FEic 8 HIC
BT 09~L0MiEc B ou2 band i indol T2 2, FIBIFcHC OB A T 24 KHICK
5415 0~0.18 € X % band i proline, lysine &cH b | 5Kl Ho 0.38~0.83 iIcH 5 band i&
tyrosine, tryptophane DOEAHFTH S X 0.95 Wtiio spot ik phenylalanine GH 3 24 058
B b ABAUESTS bitke, 48EE B iyt 0~0.11 0 band i agmatine, putrescine @
EEWTH Y, 037~0.52 i tryptophane ‘TH 5, 0.6 i b @i tryptamine TP h 3L 0.7~
0.8 12 E % band % histamine T2, 508 H it histamine @ spot Rt¥ agmatine; put-
rescine O AMWHIED 6N, EIC60BRECE D 0.1 [ D spot ik agmatine T 5o 04%
T 0.5 B3> spot 133k » tryptophane Kk tryptamine -G b 0.74~0.8 © band i histamine
Td %o 0.83~0.90 it ci i H#L % band (& tyramine TH 5, 4 14 Blic >\ 5 BB Hic ik
0.01~0.1 © band #3385 541555 Zik taurine, B-alanine. lysine T 5, fif 0.45~0.5 [f}
#ic b spot HIbRABFITS 20 2RI I 0.01~0.11 e 7 &2 WE Ik b BE o
Lo LTS Y 09HIED spot i3 areaine T 5, 48 FrE R508i H i T 0.02~1.0
CH. % band GO L0 LF—TH b, 0.55 fifii® spot I3k & tryptamine TH A5, HIC
0.7~0.8 © band 3 histamine T 3, 59 B:fiff B CixFEBSH T ik agmatine 333 b 0.6 @
OX tryptamine TH %, 0.7~08 @ band 122z % histamine T# 3%, 0.9 MiFICED 6L 3
spot % arcaine &L |ZE A D tyramine TH %5, & 15 B AT ik 5 B Hic BB MR e band 2
i, XASKHIH, S0m$fH B | MR HIc b 0~0.1 © K 3 band 23380 SALi it b KW T
& %o MLTBRFMHAIIED bh7c b0 B ALBRC b ME LR a2 b0 vl T
2, R4BEH, L0 E .\ 59 H e 0.66~0.83 OBz B % band 1& histamine TH 5,
SE166 T 5 Ryl H R 24855 H 1c 04~05 fiEIC K 6415 band & tryptophane T3 b, 0.9
ffso band i indol TH 5, M 59 FER Hic 2T ¥ 0.5 fiiE® band i3 tryptamine &
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b, 09fED § Did indol TH B, 0.75~0.80 » band 13 skatol T 2,
3) &4 2DOBFH
HA 2 fFR L LSRR COOTR, ZORBHELSFERRH SKCRTMSTH Y F
17~ 20 @ E3R e FRACB R LOXBEO 7 2 »OBELR L F2E~HUEEF <
RE R T LS A0 7 2  OBEITH 5o B BBITRICRTIZERS. ninhy-
drine DL CHAA L 72 L O TP %53 5 Befifi H o 0~0.17 ff{ii© band i lysine, taurine, proline,
ornithine, arginine, histidine %3z L€ Rf O\ amino acid ¥icH 2, 04, 0.6, 0.955
FD  spot (33K x tryptophane, tyrosine, phenylalanine ©# 3, 1285 Hic ic 45 B 2 [
—D L OWFED bivico N2UBEMH T tyrosine ps#I%k L iz 4 hd>Drk, 36KHEH
CRTIRH tyrosine ¥illd7ss phenylalanine KiKRe3ID LI THB, BREHEKC
ZF D 0~0. TiHEoband 13 LEEME O i & x B OTE b agmstine, putrescine, eadaverine
HORATFHOM RZD bivk, 0.85~055 © band X tryptophane KX tryptamine {E&2%
THb, X 0.68~0.82m 3y Dt histamine ‘TH %, 60 R H ic A TiX tryptophane X%kl T
B33, 0.85~0.90fHmic tyramine © HIRASEE®D S L7, _

HFI8E I H¥ T 5 A | 2455 H 36 R B i< 0~0.1 © band %Gt Rf off\amino acids
H 538 BEHHR U0 B o 0~01 o band ik agmatine putrescine T# 2, 48 A
0.38~0.55 @ band & (608 H®D 0.5~0.55 @ band it tryptamine o ¢ 2, A 48 B
H»0.73~0.82 © band ixhistamine T . 48 IFE D 0.9ED spot it arcaine TH 5,
60 I H o 0 87~0,93 ooband (3 tyramine B (f arcaine 0SB TH 5,

F1918 i 73 b KR B Ror 128508 B i 0~0.05 fifiEe band 238 6 4L 543 21t histamine @

WML TH Do N8R B RUGORM Hic

Table 3. Amount of volatile basic nitrogen 0.7~0.8 > band i hi tamine 3 b «

during putrefaction of boiled squid meat.

A i tyrami
" Aerobic T Anaerobic 60RsRI H 0> 0.9 fif 3o spot 1 yramine
Sample | 77| Sample - N
Time . - TH%o
No. |elapsed NH;-N| No Time | NH;-N
) (hrs.) (mg%) ‘ =7 | elapsed _(mg"o) F20EIC R T 5, 12H#Fﬁﬁ H.
E, 5 t.21] Fy 5 1.77 48R E | 368 H iz 0.4~0.5 158 &
E, 12 2.00| Fq 12 1.85 15 band |33 % tryptophune T3 b
Es | 24 | 223 Fs | 24 199 48KERHE . 608 H ©0.4~0.650 band
E‘ 13}: 2;‘?; ;:" ;Z 25? I tryptophane & tryptamine OiE&#
5 . 5 . - .
Ee | 60 | 78.3¢| Fo | 56 29.62 T30 X60RFMHHO 1.0 fifTo spotix
Fr 60 | 101.97 indol T® 2,
FA B HoT ikt okt & W« [

Iz 5 R H @ 0~0.1 © band 1% histidine, lysine, taurine, proline, arginine, ornithine »ig
AWTH Y. 1285, 2450 H . 36K E RUSAFHHD 130 b0 A A—WE T Do ML
~C568¥H B B 6085 H @ band & agmatine, putrescine DIRA BT H 3, 5IERIE L b 525
[HH 2 cto 0.4 M)‘;E:D band % tryptophane TH 3, 56 i H » 0.88~0.54 » band ¥ trypto-
phane L tryptamine QAW TH b, 60 H D 0.5~0.55 © band I tryptamine T& 5, X
55EIE X v 52 H CreE b 5 0.6~0.T D band 1& tyrosine TH %, 52 Eifl H. 56 R
Ho 0.756~0.8 © band i3 histamine T& b, 60 B ® 0.7~0.93 ® band i histamine, ty-
ramine DRAWTH 2o X SEHIH X b 36FFHI H 2 Tic 1.0 B bir s band 1t phenyla-
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Fig.17. Amines recognized by ninhyd-

rine reaction of boiled squid meat uu-
der aerobic putrefaction.
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Tig. 20. Amines recognized by indol
reaction of boiled rquid meat under
acrobic putrefaction.

f
/0

09}
08}

a7
06

0.5}

04

03}
02}t
oft

0

[ )

T /S 20 25 35 WX 3035 60
houvrs —»

Fig, 18. Amines recognized by dithio-
carbamate reaction of boiled squid me-
at under aerobic putrefaction.
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Fig. 21, Arines recognized by ninhyd-
rine reaction of boiled squid meat under
snaerobic putrefaction.
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Fig. 19. Amines recognized by diazo
reaction of boiled squid meat under aer
obic putrefaction.
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Fig. 22. Amines recognized by dithio-
carbamate reaction of boiled squid me-
at unter anaerobic putrefaction.
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Fig. 23. Amines recognized by diazo Fig. 24. Amines recognized by indol

lg}gf,lon n of boiled” sqmd meat under reaction of boiled .squid_meat _under

anzerobic putrefaction. anaerobic putrefaction.
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SE22MBIC AT IEBHFT E « 1208RH E | 2485 H ic Bl dr 3 0~0.10> band i taurine, B-alaniune,
lysine ‘T# %o 3685 H 053D spot iZ lysine T 5, 52 H . 568:BIH . 6085fiHD 0
~U0.120 band ik agmatine, putrescine DIRSW TH 5, 668 H. 60RIHH ICE b 20.5M0
i band & tryptophane N TH 5, 25R:AIH 568 B 00.T50f 550 spot i histamine
TH b 60K H ©0.72~0.850> band 1 histamine, tyramine DiE A7 CH %o

S2BENC DO T SO & [ USRS B, HIE5RIE X n368$MH 2 T 0~0.1 ©
band(Xhistamine, arginine®fn{ ‘c# b 5 HE X v 608 E 2 ClcHibiL s 0.1 [ SEDspot
HagmatineTd 5, X51RHH] H & U658 H v 0.7~0.85f F o bandZhistamine © & 5, 608
H»0.7~0.88 » band % histamine, tyramine® B AW TH 5,

24 o5H R E X b 528 B icH b 504~0.50band ik tryptophane, 5655 B 60R:H 5
00.34~0.6> band X tryptophane, tryptamine DIEEWCH 5, R568EL 5. 6053 H00.8~
1.0 band i indol T & b , X608 [ §0. SFﬁ,&a) spot (& skatol ¢ H 2,

4 B4 voHE

B4 0 2 AR L 2 LR A BB ME AR FREOBLRTARCR T M TH o ML TH25
RI~E2BETAH L HEOP L VB LR D BHEHEL 2B, KBLAX OCRVWTED btk
amine %7 L7, B Bef25MIc {CIXI2rRIE X b 288 H cHl bt 0~0.1obandixlysine,
prolin%mamino acids T 2, XI6EH H. 120005 H o BMHEO prt {Zornithinecd b |
0.1pfF 35> spot jkK x agmatine TH 3, 025D b ©iE cadaverline oin ¢ BT & N,
1251 8 X b 48851 H (= 50.4~0.500 band X tryptophane C& b, T2 B 0043~ 0.59
band idtryptophane, tyramine OIESMFTH 5, HIcI6R H & (120858 H 00.5~0.600 band
(TR x tryptamive TH %, 1285 H X b 488 HicE 20.6~0.65D % @ It tyrosine ‘T3 5,
0.73~0.800R{ % A3 5 histamine (2488 H X b I L120RB HICE 2 L #% Ln o 96EERS
H A& 12085 H©0.72~0.90 band i histamine, tyramine DIEAMW &R LTW 3, 4885 H

- 00.9~0.950 spot Ik areaine TP 5, _
HI26EIc A TI2RE M H X T28 Blic 0~0.80FFITic i i1 3 spot i3 lysine, taurine % iRa
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Table4. Amount of volatile basic
mitrogens of squid with vinegar.

W T H MR HR T2 Hic 010Rf 2 F T3
spot ikagmatine TH 55, 48RHEH X b 1208%R H

% band BREATH 248, ke 5 MmamEORS

Sample} Time ela-| NH;-N . ] .
No. | psed (hrs.)| (mg%) CE 5 % T0.T~08Kmc R 641 %5 bandiZhistamine
Gy 12 6.0 | 1.83 TdY, O ELC 10/ IECHED NS 08~
8; ?43 28 }gg 0.85® band & tyramine *Cb %o
G 72 6.2 | 2.03 TR 9 o3
G % lez| 24 FRTE TR H X b 20K A2 T @B b4
Gg .120 6.2 2.79

WLt TN D, 48KHIH X b 120 HICES 0.7

~0.87 band i histamine t% b, 0.8~0.880 band (X tyramine TH %,
%28 Ric Tk, 1268 E X 128 H 2'Tlc tryptophane 2siflid Sy T2RH HME
tryptamine 534 H 2 1z,
Bl ofn ¢ BEREM OB O TAMEEDSEIREAL JLIBET 50 TH 588 paper
chromatograph_kic i EE¥E © Ffe KK 3 diazo SUHE \dithiocar bamate S indol S
FHA UL OTH 5oHPb diazo KIEE pauly KEEC X 07 3O T Y + histamine R %O
O imidazol # &A% tyrosine K (X% @ F%:i#EE D benzen $(c diazobenzol sulphonic acid i

Fig. 25. Amines recognized Fig. 26. Amines recognized
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squid with vinegar during  of squid with vinegar during
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Fig. 27. Amines recognized
by diazo reaction of squid
with vinegar during putre-
faction
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OBRELA—ORB AW CEHMRRTEL L. APErERT 2308 IV HLeH Lk,
IIB UL S CRT 2 BECIBCHE L,

1) &4 r0Hs

EA DR L s BMRRC S OTE. FHEBROFEEHIA:, A, As, As ORRIBR
rHT 230 eMvic, ~HERMEKOREIEB;, By, B, BsORHBR LTI 5 b2
M L7%o ZOMBRIAFSERUECRTRTMLTH %,

(2) ¥4 w0oB/E

BE 1 » e B8 LTI EBR CRIFEME IOC X 531X Cs, Cs, Cs, Cs, Cs 0RBBED
PO ERB MO FENE Dy, Ds, Dy, Ds 0 b0 v, Z2Mico &8 btk
R TRRUHE SKCEHL 2N TH 5,

B} BL v0HES

HA DR E LZBYFARC R Ty RAEikie X 538ZEs, Eq, E;, Be 0RXRBHO
YO vk, XERHIBHRORAEEF:, Fy, Fs Fo, Fr £z, 8 9K R EH105 % 225
T X 3RBEEERLTVS,

4 Mt rofE

4 BT HDTEG, Gs, Ge ORBBREE T2 b LW TEMABRL BB LY 20
HRAFNKXRCHEL2ERCT L Td 5,

% 3
1. &4 hAE. B4 A B HHRUES HoBRERPCAD IHREBREERLER
B & DERR
A TR % i 2 500 b I SR R OV SR R I T ik (B o B Mo B RS R 115290l
RN EFER E Brze B b IFFMNR CHSEMRENL TR T4 » R0 5 b i Rt
SREDHM L B DABTHRKCTRED \ F1 AHER SR T 5o RETITLERO

Table 5. Results of animal test by feedig with raw squid meat.(1)
Feed

| Weight|

Semple|Mouse “Amount| Amount o Decision
of | 11(1) Ofun Conditions of Resul'ts of postomotem
No. | No. x(norﬁse | intake |remmant aliveor dead | ©Xmination
82 | (gm) | (em.)
As 1 19 3.0 0.0 Normal Live o —
Vomiting, Liver atrophy, Lungs conges—
A 2 26 3.0 0.0 Diarrheea, Spasm. Death tion. P
As 3 20 3.0 0.0 » Death Hcemorrhage of the intestines.
Vomiting, Diarr— Congestion of the intestines.
As 4 16 2.5 0.5 hoea, Poor apetit. Death Expanded by intesinal gas.
Bs 5 17 3.0 0.0 Normal Live —_
B4 6 21 3.0 0.0 Normal Live _—
Vomiting. Spasm. Lungs congestion, Hemorrhage
Bs 7 20 3.0 O‘Ov Dyspneea. Death Iof the intestins.
Bs 8 18 3.0 0.0 [Vomiting, Diarrhcea] Death [%;;;‘;J(ge?ziehftist?:alhgni&

" Note: (1) Feeds are as described uvder “experimental method” in this paper.
(2) Decision of alive or dead was made 24 hours after feeding.
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Table G. - Results of animal test by injection'?’ with raw squid ment.

Sample | Mouse of mouse ’ Vorme After.” 5 After. 10 Af'tel:.o(;%dltft?tsel_". 30 After. 40 After. 0 | it of postomotem
C T (gm) . (ee) mins. . mins, __mins. mins. |  mins. ~omine. | ¢ xa_'m_'@ ffm o
As 9 19 lee Crouch live J—
Ay 10 20 lee Crouch %:;f}::; Spasm Spasm Death —_
Asg 11 23 le.e (\Jfro(;g(i:t}}ng — Spasm Spasm Spasm Death —_—
Ag 12 18 le.e Vomiting X;T;E:ls Spasm Spasm Death - —
B3 13 17 lee Crouch X?:S;;T;E Live T o —
B4 14 20 lee Crouch Lie Crouch Live —_
B, 15 15 lec | Sroueh ¢ Yomiting | Spagn Spasm Spasm Death —
Bs 16 19 | lee (\Jfro(:::ictl;n 2 Spasm Death —_
Note: (I) Preparation of injected liquid was as described under “expsrimental method” in this paper.
TPable 7. Results of animal test by feeding with roasted squid meat,
Sa;‘{fe Lg):_ 8e Wffllg::ed -:Amount oﬁe—ie%mount of'} Conditions ?egsi? of alive Result of pistomotem examination,
(gm) intake (gm) ' remmant(gm), r dea
Ca 1 17 3.0 0.0 | Normal Live _ -
g 2 19 3.0 0.0 Normal. , Live —_
Ca 3 21 3.0 0.0 Vomiting after lieing recover. Live —_—
'e 4 21 2.5 0.5 Dyspnaea, Vomiting. Daéxl‘)l:slg;a Death .
) ‘C_"_ 4 5 B EP 3.0 0.0 Vomiting. Darrheea Stll);ggtoea Death -
Ds 6 18 3.0 0.0 Normal. Live -
D 7 21 3.0 0.0 Vomiting after living recover Live -
Ds 8 19 3.0 0.0 Vomiting. Dyspnoea. Spasm. Death —
Ds 9 18 3.0 0.0 Vomiting. Dyspnoca. Spasm ~ Desth _—




Tdble 8 Results of ammal test by in Jectxon w1th roq.sted squld meuts

g ."'e ’Mou Wnght of 1 tect d o ~ Condjtions j o T
”’f\?g No. mouse ng’u m: TAfter After After After After After Resgults of postomotem examination
TR () T f pmins. 10mins.  20mips.  30mins.  45mine  60mins
e [ 10 21 le.c. Crouch | Crouch | Live _
Cs 11 19 lee. Crouch | Live _—
Ce 12 20 le.c. Crouch | Vomiting| Vomiting| Dispnoea | Crouch Live —
Cs 13 19 le.c. X?g;i’;’i 3{2’;;’&)’5 Dispnoea | Spasm Death . Hoemorrhage of the Iungs.
Ce 14 17 le.c. g?;?;;’:i Dispnoea Spasm Death %,Io(ixegn;gti f) }:l"g;f ?5 t:;?gfg’ and liver.
Ds 15 18 le.c. Crouch Crouch lee R
. Vomiting , Hoemorrhage of the intestines.
Ds 16 23 le.c. Crouch | Lie - Dispnoea Spesm Death Congestion of the lungs.
D4 17 22 fee. | Crouch |VOREIS|gpuin | Death e S o o el Thpanes.
D; 18 20 lee. Crouch | Vomiting| Disproea | Spasm Spasm Death Hoemorrhage of liver and intestines.
Table 9. Results of an 1m‘).1 test by fecding with boiled squid meat
W‘"\‘iz;.x; .lc -!mgdrous;’ "Weight ot‘l Feed o _:\Tiib_ec‘;o‘ ;\WLT?’ o )
NO? No. ‘mou‘sge (gm if:’ﬁl:ﬁ%n(;gf; i‘;‘ﬁ;ﬁi‘(’fm) Conditions :-.livel Ornd%:-.d Result of pustomotem examination
! B
Es 1 20 3.0 0.0 Normal Live —
Es 2 22 3.0 0.0 Normal Live —
y . . Congestion of liver and lungs,
Es 3 20 3.0 0.0 Vomitimg, Diarrhoea, Spasm. Death Hoemorrhage of the intestincs,
o , Expanded by intestinal gas.
CFe } ) 8 ) 30 ) 00 ] Vomiting Spasm, Dyspnoca. Desth | Hoemorrhage of the intestines and lungs.
Fs 5 19 2.5 0.0 Normal Live _—
Fa 6 17 3.0 0.0 Normal Live —
¥s 7 20 2.5 0.0 Normal Live —_
Fe | 8 18 3.0 0.0 Diarrhoea, Vomiting, Spasm. Death Hoemorrhage of the kidney and lungs.
' -, Expanded by intestinal gas
Fr 9 17 ) 30 ) Q.O ”Dxarrhoea., Dyspnoca., Sp‘.sm Deauh‘ | Hoemorrhage of the Jungs.
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Table 10. Results of animal test by injection with boiled squid meat.

SV I Mo Weight OF Injected | ~ Conditions I :
anz)p € Nges moet;sge( m )‘ volame After After | After | After After After Results of postomotem examination
s N BN (e.c) | 5Smins. | 10mins. | 20mins.  30mins. 45mins.  60mins. |
Es 10 19 le.e. | Crouch | Crouch Live ' —
E 4 i1 21 le.e. | Crouch Cron.xc-h CrOuph Live —_—
Ey 12 23 lee, | Crouch Xﬁﬂﬁﬁi gionr?;;;lgfa Dispacea | Spasm | Death | Heemorrhage of the lungs, and the kidney.
Vamiting | 1. i Hemorrhage of the lungs, kidney and the
Es 13 18 71 c.c. _f)rOuch Diarrhoea. Dispnea | Spasm i Dea.t_l;i intestines. e ¢ 88, Kidney ‘
Fs 14 17 le.e. | Crouch | Live ’ T pm— —
Fy 15 18 le.c. | Crouch | Crouch | Crouch | Live N
Fj; 16 20 fe.e. | Crouch | Vomiting Crouch | Live —
\ Crouch | Crouch . Congestion of the lungs.
L 7 21 le. Vomiting VOmitingl Dispneca. | Spasm | Death - Heemorrhage of the intestines.
5 roue . . Heemorrhage of the intestines.
B l* 7 18 18 le.e. | Vomiting] Y?ngtmg;l ,D,l,sana, Spas_m~ Dea?'fhw i ) Atrophy of the Tiver. )
Table 11. Resulfs of animal test by feeding with squid with vinegar.
- S — Y T T T ———— e e e = _ S
Sa.mple| Mouse |Weight of x — - e Decision of

e mounts of Amounts of Conditions . Results of postomotem examination
No, No. ‘mOuse(gm.) intake(gm.,) remnant(gm.) a_l-xve or dead p
Gs 1 20 3.0 0.0 Normal Live J—

G 2 20 3.0 0.0 Crouch, vomiting and diarrhmra Live —

. s . . | Congestion of the lungs liver and kidney.
Gs 3 21 3.0 0.0 Vomiting, diarrhcea, dispncea and spasm. Death Heemorrhage of the intestines. y
Gg 4 18 3.0 0.0 Vomiting, diarrhcea, dispncea and spasm. Death | Hemorrhage of the liver.

Table 12. Results of animal test by injection with squid with vinegar.

T T U Injeeted | 7 “Conditions B T T

Sallrxt)p!e Ml%l(l)ﬂe ‘}Z()elxlsgehtn(;f‘ Vohime ‘ After After After After A—f't.er i After Results of postomotem examination.

N R AEg 7| _f(ee) | 5ming.  10mins. ; 20ming. | 30mins. + 45ming.  60mins,

Gg - 5 19 le.c. Crouch | Crouch | Live [
Gy 6 21 le.c. Crouch Xomxtmg IIIS;::’ rhoeal X?;;i (:}:g Crouch Live o -
X omiting| Lie . cemorrhage and change of color of the
G 7 22 lee Crouch Diarrhea Dirrhoa Dispncea | Spasim Death E[ver and Tangs. 8
. Vomiting! . cemorrhage of the intestines. Congestion
Gg 8 18 Lee | Crouch | po -y ™ Dispnea | Spasm | Death of the kidney. 8




Fig, 29, Change of the amount of volatile basic nitrogen and RBCKE L 72 b O
amines appeared by various reactions for squid ment.” LI, B
v WZIERE, B A vid&
tER LB Lk
Do IOIHIER T £
F2REREHEEEC Y
5D THDOT B4 >
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2. B amines OEREERMERSFRLOLE,

kalofn { paper chromatography (€ X 0T b/ NHE LIEBEEERE - OBRKR
PRI T HIEROMN S TH Bo
1) 4 2EB e FRNCHE LB Y Ud 258 IR & 117 ptomaine /3 histamine, tyra-
mine, tryptamine, agmatine, arcaine © 5 FEEAT $5, ML T arcaine & 12 R Hic HIRL |
305:RH i B O T |7, tyramine 133255l HicZE 2 C JHB | % histamine 122274 § B 8L
RS SRR HiCE D Wik L abyD7c, tryptamine px28Ri LI Y ER L 3305fH] B 2 THE
Bl LT bivke, agmatine (X0 HUBCAD it 2% LT 2ICR b B HBEL
7z amine ZI2BM Ho arcaine TH §\ R T20%H Hic histamine #sB® b4 288HH
Mo 8 fioamines LI AN e —ViIFHEEASFEE L5 322l B R TR E
DM ZBIC 7 2EFTTH b+ 28 Il B IR HER R ERE33.76mg% T H DO TH B
BROBBECEE L2 bDOTH 5, 0 EUBRE2ABK OB L R L. HRMELASERE
% 49.95mg % L3 LT\ B, i LT histamine #sig g 28328 43'10.80mg % X b 33.7Tbmg
% CHRMOERNCHIAL v XFPEBLIBIC O amines 3sHIR Lez & i HICMH T 20
e IS B L 3B Ic, HE 37 plomaine ZIFREEIE TR 2 30 LR X
[fl— &2 T histamine, tyramine, agmatine; tryptamine. arcaine. indol O6EHTH 5, &
LOM BT 2R LR REE OB LW 2 TS b arcaine (X I5K LI, 28RBIHC
752 L+ histamine % ¢ftryptamine (3 24R¢ LR HIFR L 72, agmatine (3 20RFLAEE I Bl btL
tyramine % IR HEMRIC 3w b7, 2B OME LR HERE & ¥ BT 311298
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2 biLain¢ histamine [ZIFRMLEEEFEE 9. 8mg2 L v 20.62mg% cEmo BT I
L\Rm@kgm@amm£ﬁ@@%%ﬁ&m&ﬁutm5@@ﬁ%&ﬁ&mﬁ%baﬁﬁﬁé
Bo UEEHICHESFHEHOKITIE indol OFEEHED HILICDTH B HIHD b OB L7zR R

DIYIEHORE TS v FEOBBIHORK c ARMEZOM N E LT oftah rREEThE
r\w& Clough® it X PN NAFELBO TCII(FELTVS

(2) 4w R T IFRCBE LB L8 i & e ptomaine (3 arcaine, agma-
tine, tyramine, histamine, tryptamine, cadaverine OB TH B, M L THA HRT BIMLC
histamine psZeEEEMOERICHI L. 3o amines JEHPL] LFTR L TROIL TV 5,
3 indol ¥ 49 Fi Hic s bl &4 ik LIfA MHEsRE B b0 it oh
Do »

HCHESR R L b B ENCHRSE S due ptomnine WIFRIISME T LM< R—TH b\
arcaine, agmatine, histmine, tyramine, putres:ine, try ptamine, indol, skatol © 8FEI &
Do ZHZXYNER - IERME REEER L ORISR TR T 2%4A LR TH Y ELT
histamine [T RN ALZE R L OBIRERT X h 8D LD amines b FIHVEAETER < B L
T\, X indol K X b indol X UbYREHE Hic skatol OTELEMELD biLahss oAb
TSRS R L L SR 2 REDF bivd,

19 #HA R E e RN KRE UK LAk ptomaine % arcaine, hisi-
amine, tyramine, tryptamine, agmatine, putrescine,indol © THEFA C& b 2 oBEE RO
QEHBORE LABTH b Rk AEER & ORRKR L LREom T2 %, HERM I
L& 75 a0 ST b IFRNIEED L REET & %28 indol O RHEEIEA TOORE Hic
skatol %k 5 FHaElo birre,

4) HEA HEREHC 0Tk AL SEEIOBE 47 b | M SRR OIS K b THE
BT HOTI2E # 558 LB T B2 TIMg % ¥ R LAICE T 1\, R % ic—F ptomaine
DEBIRR T 7 5 1T 485 H L ;¥\ T arcaine F (F histamine 3380 S4v, 28 H X b trypt-
amine 2SI L7, I6EFIM X Mo 7 3 Y HI b TIRD btk 1M L TR L 87 ptomaine
iFarcaine, histamine, tyramine, tryptamine, cadaverine, agmatine © 6 T 5, Z4UHME
4 BFEFNC HOTRE CHEREEEERE & AERROmMFE 2,

PLEX D4 oy B4 2BROEEA 2OMLORFNCHOT b histamine psEgtihE AR RE
HROEFCHE L BROSMEEY »ERAWRIHRCED e LXK D 2HFHT
» Y PO T amines DB #IBE T 2 L C X W FHBFROHL LT HC LIMETDS ),

AR SO BRI OBREE iR e s R RIC X b 30mgy & AN TEERERWNU 2—
He bh 2THLH5, BiC Ufiic arcaine K- histamine © Zps kit amines icth
LT« BHCHRT2 0TH 5. ZoBEsS BB anzBE T AexkomL
T s LMK, B P’Gémﬂine I= 8L & paper chromatograph Hififial L45 Z)Hi'/.[ REE 23
B4 & T ® 21, amino acids X D& L T4+ % amines —ERICEL 7GR v o0
BE%TH D, AL histidine X b histamine ¥&im¥ Si#MEEsfioanino acide ICHE TS
amines # BT AHEEL VKTHHELBLBILD, ZRAA- TR X X histamine (&g
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