AT B | Arel: .

- FISHERIES RESEARCH BOARD OF CANADA

Translation Series No. 1205

Post-mortem breakdown of trimethylamine oxide
Ty in fishes and marine invertebrates.

By Kinjiro Yamada

Original title: Gyokairui ni okeru "torimechiru-arumin-
okisido"

no bunkai.

Nippon Suisan Gakkaishi (Bulletin of the Japanese
Society of Scientific Fisheries), 34(6): 541-51,
1968. : : .

From:

Translated by the Translation Bureau (KO)
Foreign Languages Division
Department of the Secretary of State of Canada

NE
\l
”&
, K .\
&
Q’;‘

R &
.

Fisheries Research Board of Canada
Halifax Laboratory
Halifax, N.S.

1969

35 pages typescript




¢

FRE Sl

DEPARTMFNT OF THE SECRETARY OF STATE SECRETARIAT D'ETAT

TRANSLATION BUREAU BUREAU DES TRADUCTIONS

" FOREIGN LANGUAGES ©X DIVISION DES LANGUES
DIVISION snos  ETRANGERES

TRANSLATED FROM ~ TRADUCTION DE . INTO -~ EN

Jra.banese English

AUTHOR - AUTEUR

Kinjiro Yemada

_"TITLE IN ENGLISH - TITRE ANGLAIS

Post=-mortem Brealkdown of Trimethylamine Oxide in Fishes and Mqrine Inverte-
brates

Title in foreign language (transliterate foreign characters)
Gyokairui ni okeru "torimechiru~srumin-okisido" no bunkai.

REFERENCE IN FOREIGN L ANGUAGE (NAME OF BOOK OR PUBLICATION) IN FULL. TRANSLITERATE FOREIGN CHARACTERS, ,
REFERENCE EN LANGUE ETRANGERE (NOM DU LIVRE OU PUBLICATION), AU COMPLET. TRANSCRIRE EN CARACTERES PHONETIQUES,

Nippon Suisan Gakkai Shi

REFERENCE IN ENGLISH - RéFéRENCE EN ANGL AIS
Bulletin of the Jppanese Society of Scientific Fisheries

"DATE DE LA DEMANDE

PUBLISHER - EDITEUR ‘ PAGE NUMBERS IN ORIGINAL
. s Galdkai _ DATE OF PUBLICATION NUMEROS DES PAGES DANS
Nippon Suisan Gakkal DATE DE PUBLICATION ) L'ORIGINAL
) ’ . . o - ‘;\Lw\lD
YEAR | o ume | issugno. | 12 }"“15.\83("-’ qu
PLACEOF PUBLICATION - ANNEE, NUMERO NUMBER OF TYPED PAGES
- LIEU DE PUBLICATION NOMBRE DE PAGES
) DACTYLOGRAPHIEES
Tokyo, Japan ’ 1968 ¥Ql,,3% ‘no, 6
ST gune 3 2
REQUESTING DEPARTMENT Fisheries TRANSLATION BUREAU NO, 5051
MINISTERE-CLIENT , ~ NOTRE DOSSIER N© e
b . .
BRANCH OR DIVISION FRB, Office of the Editor TRANSLATOR (INITIALS) K.O
DIRECTION OU DIVISION TRADUCTEUR (INITIALES) 2 -0
. Mr. C, Castell ,
PERSON REQUESTING L H DATE COMPLETED [ é
DEMANDE PAR Halifax Laboratory, allfax NS DATE cOMP b . P{
YOUR NUMBER 769"18"1’4

VOTRE DOSSIER N©

DATE OF REQUEST * - 17.10;68

FLD 69A.

S0 S-200-10+6 (REV, 2/68)




FK R TG |

Nov, 30, 1968

Sonnentss,

Underlined Seetions, are seetions which are literal and involve chemicel ox
other eoxpressions not familiar to translator, and therefore left as
much as possible in orlginal text to convey closest possible meanlng,

Some underlined parts are phonetic translations of the Japanese phonetic -
ally expressed words and expressiong, For instance many Inglish terms

are expressed in Japanese phonetically, and makes translation difficultb
except to the Japanese chemist familiar with phonetic expressions of

these terms,

Words in Quotation Marks, These are-phonetic bfanslations of Japanese fikh
names, which for the most part are expressed in Japanese phonetics in
the original text, A glossary has been prepared for these words on

page 33,

Interchangeable Words The same word is expressed in Japanese to mean: "estimate" {
fideduce™ and "presume," The word to "form" is translatable only ‘
as to be "present" in some context,

Japanese Names :The pronunciatiog9Gf Japanese nsmes, especially the given
names, are arbitrary, and quite often the names can be read in more than
one way,

Special Words sound awkward in translation, but have been left that way on
purpose, For instance, the word "aguatic life" has been used in
translation, This may be translated as "fisheries" or "marine" life
but the latter expressions convey certain connotations which may or
may not have been desired by the writer,

Words like "species" "types" "varieties" loosely used in the text in
many areas, Also the word "species" or "types" have fairly broad
and inexact usage in Japanese,
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Breakdown of Trimethylamine Oxide in Fish Species¥

PAGE $4)

Kinjiro Yameda

(January 31, 1968, Filed)

- Post-mortem Breakdown of Trimethylemine O¥ide in

Fishes and Marine Invertebrates

i

Kinjiro Yamada®#

PARKGRAPH (] The previous summary(l) outlined the sources and distribution of

Trimethylamine Oxide (to be abbreviated TMO) in fishes and dealt with
a biologlical study on TMO formation, The post-mortem breakdown of this
substance is an interesting probiem, on the.one hand from the scientifie
viewpoint regarding freshness, and on the other hand from a biological:
standpoint, |

@ TMO in the flesh of fish species is reduced by bacterial enzyme
after death into Trimethylamine (to be abbreviated TMA). But in the sys-
tem of fish species and in the organs as well, there seems to exist a TMO
reductase plus s typé of enzyme that breaks down TMO by enzyme action,
in other words, an enzyme which forms formsldehyde (to be abbreviated Fa)
and dimethylamine (to be abbreviated DMa), Centred on these two enzymes,
we will deal here with the post—morten'braakdown of TMO,

Formation of THA

o TMA in the flesh of fish species increases with the decline in
freshness, This appears to have become clear in the period 1920-1930(2-6),
The Beatty team(3) established the fact that this increase in TMA is due

to bacterial action, In other words, they report that TMA does not

inorease in the sterile flesh of Atlantic cod Gadus morrhua. when left at




" low heat or room temperatufe, In addition, by verifylng that the sum 8f
TMO and TMA contained in the flesh of Atlantic cod which had been in sto-
rage for varying days is elways constent, Beatty(7) made it clear that
the parent body of TMA contained in the flesh is chiefly TMO, Aecord-
ing to this Beatty report, at least 94% of the TMA formed originates from
TMO, But the Ronold team(@) found that in the flesh of Atlantic herring

Clupes harengus, C, Bprattus of the same herring genus, and Gadus

a;y’l

virens flesh of the "madara® genus, whereas TMO disappesrs within a few

days of storage, TMA gontinued to increase in substantial quantities,

There are many reports on the formation of TMA in the flesh of
fish species through ﬁacterial action, Most of these reports deal with
the determination of freshness, Among these reports, the flat-gilled fish
species have been studies by Shewan(5,13), the Reay team(9), Elliott(10),
Shimizu(ll), and Sﬁyana(lé); the ocean teleosts have mumerous works(?;,‘\,,\?‘"’;)
centred around Canada's Halifex Fisheries Research Board and Britain's |
Torry Laboratories; and other types of aquatic life have been studied
’hgﬁghinizu group (46-48), and the Collins team(49), and also the Lartigue
team(50), ' |

Flat-Gilled Species, The formation of TMA in dﬁgfish species

of fish in cold storage has been studied by Shewan(5,13) and the Reay
team(9), Ascording to results obtained, a large quantity of TMO exists
in the flesh of this shark species, but the formation of TMA is slow, and
the gquantity formed.lhoied no great difference from that of haddock Mela-

hogrammus aeglefinus or Atlantic herring, lElliott(lD sought to clarify

the reason for this with respect to "abura tsunozame" Squalus acanthias,

According to thie, a large quantity of ammonia is formed in the flesh as
the degree of f}eshnesa dropa, leading to the increase)q! pH in the flesh,
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and this in turn results in the suppression of the actlion of TMO reductase,
But the Shimizu team(1l) and Suyema(l2) report that in the flesh of ham-

merhead Sphyrna zygaena, "dochizame™ Triakis scyllia, "yoroizame"

Delatiss licha, and "abura tsunozame" Squalus pcanthias, the pH increases

to over eight accompanying the decline in freshness, and a large quanti-
ty of VQlapile amine is also formed. Since it 1s thought that a large
part of this volatile aﬁine is TMA, the results obtained by the Shimizu
team(11l) and Suyama(12) differ from that obtained by Shewan(5,13), the
Reay tesm(9) and Elliott(10), Furthermore, Suyama(12) notes that TMO

almost dlsappears from the flesh of blue shark Glyphis glaucus accompany-

ing the decline in ffeshness,.and an smount of TMA almost corresponding
to the amount of TMO loss is formed, From the foregoing, there appears
to be a need for further investigation to determine whéther there is A
difference between flat-gillled specles and the ocean teleosts with res-

pect to the formation of TMA in the flesh accompanying the decline in fresh-

ness; and the relationship between the formation of ammonia and the loss

in the activity of bacteria TMO reductase,

Ocean teleosts, Generally the TMA incresse accompanies the de~

cliﬁe.in freshness with respect to ocean teleoéts. This increase becomes
an indicator of freshness(actually of decay) (3-5,13,15,20,32,33,37-39),
But there is an opposite opinion to this(17,24). The Beatty team(3) re-
conmended that a specific amount of TMA be used as an index of freshness,
having foupd that a specific amount of TMA usually led to the perception
of decay odor in the flesh of Atlantic cod, and although this is indirect,
foupd the overall ourve for bacteria increase parallelfing the TMA

increase curve, But the Tarr team(84) studie& the relatlonship between




TMA amounts and bacteria number during the decaying in the flesh of

~ Ophidion elongatus of the rock trout family plus three other fish

the
specles, and reported situations where,bacterla number was small and the

TMA production large, as well as where the opposite situation applied,
Farthermore, the decline 1n freshness does not necessarily cownincide
with the igcreasé in bacteriass‘j

The effectiveness of the method of determining freshness through e
specific amount of TMA must, as is the case with other physical end
chemical determination methods, be based on the standard of whether the
results obtained are functional, Furthermore, it is necessary to be
exactly clear regarding the purpose of freshness ddtermination. The pur-

pose of the generally applied freshness determination is first,-to make

~clear whether the degree of freshness is good or not at the time of the

determination, second, to estimate the number of days in storage possible

with respect to fish species where its degree of freshness is unknown,

and third, to estimate the time lapse since the time of.tki\catchtwg .-

Regarding the first ‘objective, there are many reports with respect
to the use of TMA amount as indicator of freshness, The Beatty team(3),
taking 100 ml of liquid squeezed from the flesh of Atlantic cod, repori
that initial decay odor is noticed when TMA-N rise% to about 4-6 mg, com-
plete decay odor at 10 mg, and a strong decay odor at 20-30 mg, .

Similar to the Beatty team, the Brooklesby team(4) reports that even with

dressed fish of "ohiyo" hippoglossus stenolepls kept in cold storage,

decay is indicated at 4-5 mg, On the other ﬁand, the Castell team(32,
33,39) studied the relationship between quality and TMA amounts (TMA-N
in about 100 g of flesh) in a large number of Atlantic cods and haddoocks.
According’to this result, grade one has 0-1 mg% of TMA-N, gradg II has

1-5 mgh, and grade III has more than 5 mg#, Grade I is judged good in

fleshness, grade II declines in freshness but is considered usuable for
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~ ness amounts differs with the catch with respect to Atlantic cod, and the

8

fillefing, grade III is extremely poor in freshness, possibly unsuited
for filleting and must be used for fish powder, Results obtained by the
Castell team(39)M&E studied statisbically by Hoogland(38) who pro-
posed giving a value of over 7 mgh of:THA-N for grade III, This value
was later serutinized by Castell and satisfactory results obtained(40),
The Dyer team(20) and fhe Shewan team(42) both recognized a high
degree of mutual relationship between functional determination and TMA
amounts in the case of Atlandic cod and haddock which are extremely
closely related fish species, But it is questionable whether the same
TMA-N value can be used as freshmess indicator in these two fish groups,
Recently, the Castell team(44) studied the relationship between quality
and TMA amounts in.over 3000 instances of the above:bentioned two fish;
groups, and reports that using the same THAPN value, the latter's (haddock's)

frechness is lower than that of the former (Atlantic cod,) In addition, é

the Shewan team(31,36,42) clarified that the relationship between fresh- ¥

Castell team(44) reports that this relationship differs according to the

L BT LI P AT L A e eh T

period (in the fishing season) of the cateh.

The relationship between freshness and TMA amounts differs
according to fish types, fishing grounds, handling conditlons after the
catch, storage conditions » condition of the specimens to be tested, etc,
Sigurdsson(22) reports that TMA-N is 5-7 mgh in initial decay, and 12
mg¥ at complete decay with respect to a fish species presumed to be §
Atlantic herfing; and the Horle team(35) established that the TMA
amount at decay period differs extremely according to fish specles,

from investigations on 11 fish specles, Also, by comparing fish species
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of Ablantic end Pacific oceahsp the Tarr toam(24) clarified that the THMA
oannotoba taken as freshness indicator even in the same figh species if
fishing grounds differ., The Dyer team(21) has a study on fish handling
coriditions after the cateh, AccordingAto this, the TMA amount in Atlan~
tioc cod diffefs with the storage location in the séme fishing boat, With
zgeference to.storage conditioné, TMA can be a freshness indicator vihen

the storage temperature is over O degrees C but not when it is =P degrees
c, asi;esult of studies by Sigurdsson(22) on what is presumed to be Ate
lantic herring, In addition, it is reported that TMA is not & freshness
indicator with_fish that have been treated for anti-decay, or which have
been rg‘iation—treated(52,53),' The influence on the relationship between
freshness and TMA amount by the specimen condition at the time of the
determination is reported on by the Castell team(40)., Taking Atlantic
cod and haddock, they clarified that the relationship between freshness
~and TMA amount varies between fish in the round or where the insidéé have
been removed, as against those which have been fillfted,

| From the above studies on TMA, it is possible to understand the
difficulty of establishing exactly the physical and chemicel method of
determining fireshness, even where the objéctive is merely to determine
whether freshness 1s satisfactory or not at the time of the determination,
Accordingly, in the actual determination of freshness, the functional
test is chiefly used, jointly using IHA and other physical and chemical
test methods, In.export testiégpg} fresh-frozen mackerel types, where

it is not possible to make a functional determination of freshness, the

test basis is through the measurement of volatile alkali and the degree

of hydrogen ionization, In this case, the TMA measurement method is Conway's
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minute guantity scatter method(5§), but- there are other measurement methods

such as the Aconite method(55), Picrate method(56,57), and chromatography
method (45), On the other hand, the TMA measurement is not utilized as
test standard in the case of fpozen mackerel species that has been heat
treated, This is probably obvious from the fact that TMO in fish bresks
(5% -62)

down to form TMA in the process of heat application,

With reference to the second objective, namely to estimate the
period of storage withstandable for specimen$s of unknown freshness, there

is the Hess(18) report, The results obtained here indicate that when liquid

squeezeé from cod flesh of unknown freshness is left at 25 degrees C for

three hours and the increase in IMA during this peried is 75% or more,
this specifien can be stored at O degrees C for 24-48 hours before decay
t.7 -

starts,

No report can bs found regarding the third objective, namely to

- estimate the lapse of time since the catching of the fish, The possibi-

1ity of establishing exactly the freshness determination method for this

purpose is extremédly slim@au

Other Aguatic animals, There are oniy a few studies concerning

the relationship of freshness and TMA smount in fisherieé life apart from
4650}

the fish typegg It is reported that the TMA amount method of determining

decay is effective in one type of "taraba-ebi" Pandalus sp, which has

been in ice storage or refrigerated by sea water(49), but not effective
in the case of oysters in ice storage(gb).
| rﬁo Oxidase «
The formation of TMA in the flesh of fish species is due chiefly
to the action of the bacteria, TMO reductase, But as stated previously,

there appears to exist at the same time in the fish, outside the flesh

o
&
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sectlion, an enzyme that 1s able to reduce THO,

Bacteria Enzyme, Tarr(64,65) took two species of fresh fish,

7 five specles of smoked fish, and ssparated them into Micrococcus 15 parts,

Flavobacterium 4 perts, Achromobacter 6 parts, yeast 5 parts, totalling

30 parts; and reported that of these, 2 parts of Micrococcus and 1 part

of Achromobacter possessed the ability to reduce INMO, Later, the Wood

team(66) studied the TMO reducing ability of Enterobacteriaceae(7

A & ;
bacteria types, 650 parts), and Bhe Baird teamé&% did likewise with

Micrococdaceae (30 bacteria types, 56 parts). According to these stu-

PN

n P ar{ " l/‘(:"’s\“::‘ >

40 'parts”
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dies, much of the bacteria types and bacteria parts belonging to

Enterobacteriaceae will reduce TMO but the gr8ater part of that belong-

ing to Miorococcacese does not have this ability, For this it becomes

evident that the existence of aerobib'bacteria TMO reductase, including
the common anaerobic bacteria, is not too universal, On the other hand,
thefe is a study by the Ando team(68) regarding the TMO reducing ability
in abnormal ansercbic bacteria, According to the Ando team, Clostri-

dium botulinum will, regardless of the bacteria type, types A, B, and

also E,, reduced TMO,
Thiee bacteria enzyhé?%hat participated in the reduction of TMO
6§> are called triauins=oxidaseé§§${ trimethylamine oxidase(69), or

trimethylamine-oxide reductase(71-73), and the naming is thus not

uniform, From the fact that this bacteria’will activate trialchela-

mine oxide possessing the genefality of R,=N=Q, Tarr(69) pamed it

triamine oxid#se. But there has been no later study on the substrate

peculiarity of this bacteria so it is not olear whether Tafr's naming
i is appropriate or mot. Furthermore it is also not clear whether this

bacteria will induce the oxidizing reaction of TMO into TMA, Accordingly
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we will follow the name givén by Tomizawa(71-73), and provisionally
call this Victoria trimethylamine oxide reductase (to be abbreviated
TMO reductase),

Since the charééteristics of~bacteria TMO reductase and the part
played by this bacteria in the reacﬁion mechanics has been studied al-
most entirely in the bacteria's dormant state, there are many uncertain-
ties, Tarr(65) was unsuccessful in trying to secure cell-free bacteria
through its gelf digesting agtion, and the Castell team(74) also failed
in trying to produce cell-free bacteria, But . Tomizawa (71-73) obtaingbd
cell-free bacteria through supersonic treatment, and reported that this
bacteria in‘the presence of formic acid (hydrogen yielding body)
reduced TMO(73). But the detailed characteristics of this enzyme has

not yet been determined,

According to the study of Tomizawa(71-73) who employed Escheri-

chia coli and Proteus wvulgarls in dormant bacteria state, TMO reductase

. . [\
appears to be an adaptable enzyme, This has been confirmed by stud!!}es
of Suyana(12) and the Tsuchiya team(75), Suyama recognized the exist-

®- ’ ‘ - .
ence of,receptive~inducing period in "aozame" Isurus glaucus and two

other fish specles; and the Tsuchiya group reports that the TMO reduc-

tion by Mierococous separated from shark flesh describes a sigmoid curve.

But it cannot be stated definitely that bacteria of T™O reductase are

all adaptable ensymes, Tarr(65) has noted that the reduction of TMO

by Microcoocus proceeds in a straight line, But the Wood team(66) re-

ports that when TMO feduoing bacteria belonging to the Enterobacteriaceae

group is kept even as long as two years in culture ground free of TMO,
its TMO reducing potential is not lost, and denies the formation of the
enzyme through adaptation, And Watson(76), although he does not deny

the possibilities due to adaptation, reports two divisions in Achro-

mobacter, that is TMO reducing bacteria and non-TMO reducing bacteria,
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It is thought that Pseudomonas is also contained in this Achromobacter(77).

Regarding the mechanics of TMA formation due to TMO reductase,

58 there are studies by Tarr(65), Watson(78), Collins(79), Neilands(70)

3' o and Tomizawae{71-73). Because of the inducement of TMO reduction in
the presence of various hydrogen yielding bodies in his experimenis |

with dormant bacteria, Tarr thought TMO reductase activated the 1M0,and

P e N e S

the sctivated TMO is then reduced by dehydrogenized enzyme, which has

e low okidation reduction potential, Separate from this, Watson stu-

died the mechanics of TMO reduction and presented the following
‘generalization as a reaction topte:
AH; + TMO — A + TMA T H,0
AHy 18 a hydrogen yielding body, and the principal hydrogen

yielding body in TMO reduction through Achromobacter is said to be lac-

tic'acid(78379). But the oxidation of lactic acid through bacteria

L e dtmas

does not necessarily act in conjunction with TMO reduction, (80),

It is not clear from studies by Tarr and Watson that NAD or NADP

participates in T™MO reduction, but Neilands claims the existence of

an intermediate hydrogen conducting body (or intermediate hydrogen con-
duecting type). According to Tomizawa's study, there is thought to be

in existence an unknown auxiliary enzyme in T™O reduction, This sub-
~stance is thought to exist in the yeast producing solution(71-73),
: <§§> : There are studies by Suyama(12) and the Castell team(74) on ..
the optimum temperature for TMO reductase, Suyama reports that the
optimum temperature for T™IO reductase is about 40 degrees C; the Cas-

tell team(74) while finéing.the optimum tempersture over 37 degrees C

in Serratia mardemcens, Achromobacter (No, 176) and Escherichia coli,

finds the value at 25 degrees C in Pseudomenas putrefaciens, While it
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the
ig obvious thatﬂoptimum tewperature differs according to experiment con-

+he
" ditionsg, especially the difference in the length oﬁﬂfeaction period,

the reason is not clear for the difference between the bacterie types
obtained by the Castell team, Approximatelifg;me values for optimum
pH are obtained by researchers, the Castell team(74) reporting 7.0-7.2,
‘the Tsuchiya teem(75) approximately,7.3, and Tomizawa(72,73) 7.,0~7.5.

Results ffom the studies of the substance which impedes the

e
- reduction of TMO in its inactive state ig'not necessarily unanimous,

(65,70-76), For instance Tomizawa(71-73) deduces that TMO recuctase

is iron enzyme from the fact that TMO reduction is strongly impeded

by KCN and a,a'-dipyridyl, Both Tsuchiya(75) and Tar;(65) pee

toluene impeding the reduction of TMO,. But as Tarr(éﬁ) points out, it
is not clear whether it is toluene br the dehydrogenized enzyme that
impedes the TMO reductase. But as claimed by the Castell team(74), the

impeding action of nitrates and nitrites is thought to be due to their

competitive agtion agaihst dehydrogenized enzyme types, The reasons
are: the types of bacteria involvedAihen nitrates and nitrites strongly
impede TMO réduction are respectively nitrate reductase and nitrite re-

ductase(?A); Achromobacter with ability to reduce TMO also reduces ni-

trates and nitrites{76-78); andi&MO-éparing effect can be seeé?g% the
impeding action by nitrates,

As alreadj stated, there is Tarr's étudy(69) concerning the gub-
giggﬁa peculiarity of IMO reductese, Tarr reports that TMO reductase

will reduce, besides the TMO, triethylamine oxide and itripropylamine oxide,

and form respectlive appropriate amine, but that TMA 1s not formed

from betaine, choline, acetyl-choline and stacidoline, Among the bac-—

teria, there are some that will ‘form TMA from choline(8l), but since
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there are bacterlia types that cannot form TMA from choline and yet form

TMA from TMO(82), it can bs said that TMO reductase is a separate type

of enzyme from that which forms TMA from choline,

There sre views by the Beatty team(80) and Watson(78) regarde—
ing the significance of TMO reductase in bacteris physiology. Accord-

ing to the Beatty team, TMO appears to be an important hydrogen receiving

body in common anaerobic bacteria, And Watson reaches the same conclu-

sion from the fact that common anserobic bacteris in Achromobacter rd=

duceg TMO in addition to creating a TMO“sparing effect in the presence

of particle state enzyme,

Fish Species Enzyme, TMO reductese seems to be present in fishes

as well, Kawabata(83) noted the increase of TMA in the blood-containing

. flesh section of "marusoda" Auxis tapeinosoma and "binnage" Thunnus ala-

lunga to which preservative and TMO had been added, When this was left

at recom temperature or 20 degrees G,-igﬁ also noted the fact that this

increase is strongly suppressed by heating and heavy-metals impeding

solution; from the foregoing he deduced that TMO reductase is present

in the blood-containing flesh, Similar to Kawabate, Suyama(12) found

the formation of TMA in the preservative-treated blood-containing flesh

of "hoshizeme" Mustelus manazo and sting ray Dasyatis akajei, There

are studies by the Amano team(84) and the Harsda team(85) on TMA forma-

tion in the system other than the blood-containing flesh section,

In other words, the Amano team and the Haraeda team both noted a very
rapid formation of TMA on the addition of TMO, the first team in the

pylorus fold of "msdara" Gadus macrocephalus (preservative-treated),and -

the latter group in the midintestinal section of similarly treated sagi-

ttated calamary Todarodes pacificus,
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On the other hand, thé presence of THA oxidizing enzyme is reporied
in the systems of vertebrate animals including fishes(86788). The Baker
tead§6,87).established the formation of TMO from TMA in pig liver
homogenate, usingIIAC as tracer, gy this study, the Baker team clari-
fied that the formation of TMA from TMO is due to bacterial action
(provisionallg called TMA oxidiziﬁg enzyme), and that the reducing type NADP
is required as auxiliary enzyme, It was indicated furthermore that this

enzyme is present in the microsome and not in the Mitochondria, and that

the enzyme necessary for TMO formation comes from particle state engyme
apnd not }ron solution staté, Later, the Baker team made many studies

on the presence of this enzyme, mostly in the liver of animals, Accord< -
ihg to these studies, TMA oxidizing enzyme is present in mammals in the
kidneys and lungs as well as in the liver, In fish species, it is pre-
sent in the liver of one flat-gilled species, and the liver of ocean as
well as shallow water teleosts, but it is not present in the midintestinal
section of octopus, cancer uégister of "ichogani" family ”ténbi" order,

nor in Pecifastacus leniusulus of the shallow-water "zarigani" species,

The fact, as stated, that TMA oxidizing ensyme is not present in all aque-
tic enimels which contain TMO would appear to contradict the idea that

the presence of TMO in fish species is due to diasq;géd poison_of T!Afi).

- But in this connection it is necessary to consider the posaibility, as

pointed out by the Baker team(88), that the reducing type NAD instead

of the reducing type NADP participates in the formation of TMO from TMA,
and also the possibility that TMO is formed by a different route, ‘Fbr~
thermore, it is possible to 1nagina the existence of TMA oxidizing en-
syme in inactive state under certain conditions, It is not clear whekher

or not the Baker group's TMA oxidizing enzyme is the same TMO reductase

1
‘]
1
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bslleved to exist in fish'speciesg I% 1s stated that TMO reductase in
bacteria form does not induce the formation of TMO from TMA(65),

Formation of DMA

The formation of DMA in fish flesh accompanying the decline in
freshness became clear in the pericd 1938 to 1940, In 1938, Beatiy(7)

found the presence of DMA in Atlantic cod, The following year, Reay(6)

established the presence of a small amount of DMA in the flesh of Atlantie
cod which had been kept in ice storage 24 hours, 7The same year, Shewan(5)
found that although DMA is formed priér to TMA in haddock during storage,
herdly any DMA is formed in the dogfish type of fish, and estimated that

TMO is probably the parent body of DMA., Again in 1940, Shewan(1l3) re-

ported that the measurement of DMA is effective in the freshness deter-
mination of haddock. Although these studies on the detection of DMA in
fish sﬁeciesg$§~limited to the cod family; later studies report the pre-

~ sence of DMA in fishes other than cod and also in aquatic animals outside
the fish species, |

Fresh Fish Species, As stated before, there are studies on the

<£5> presence of DMA in fresh £ish species by Beatty(7), Reay(6), and Shewan
(5,13), but there are other works by the Dyer team(20), the Miyagi team
(89), Hughes(61,62), the Yatsuzeka team(90), Miyahara(9l), the Amano
team(92), the Hayashi team(93), Tokunaga(94,96), and the Yamada team(95).
These studles emplypy the following methods of DMA measurements ﬁhrough

the process of changing DMA into Nitron(7), copper-dithiocarbamate method

 (5,6-20,92,94-96), ien exchange resin method(89,91), polarography(90),
and gas chromatography(61,62,93), The fish species studied were clam: ;

specles, head-feet species, shellfish species, flat gill species, and i
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teleost species, more than 45 gpecies in all, Among these, the DMA was
clearly detected. in the following eight fish species-~the cod family,and

its closely related Atlantic cod, "madara" Gadus macrocephalus, "suketo-

dara" Theragra chalcogramma(92,94), "komai" Eleginus gracilis(94), had=-

dock(5,20), "kattalbohige™ Lepidion oldema(95), "ezoisoainame" Lotella

maximowiczi(92,95), and "isoaineme" Lotella phycis(95), In these fish
specles, the DMA content is greater in thé internal organs rather thaﬁ
in the flesh(92,94)., - A substantial quantity of DMA has been detected

in the flesh of Atlantic herring(9,61,62), but hardly ény in the flesh

of closely related "maiwashi" Sardinops melanosticta, "katakuchiiweshil

fngraulls japonica, "konoshiro" Konosirus punctatus And "kibinago" Spr@. -

telloides japonicus(90,91), Besides this, the DMA content has been stu-

died in the flesh of more than thirty other fish species, but detected
in any of the fish species, And even in the fish species where it was
detected, the amount was so small that the presence of DMA is not a
certaiﬁty;. On the other hand; with'reSpect to aquatic animale outside
the fish species, bMA Qaé détectgd in the flesh of Loligo_formosana, i.
thought to be one species of "jindoika"(91), and in sagittated calanary

(94), and in the midintestinel section(95) of "gazami® Portunas trituber-

culatus,

The DMA content in fish species varies with the degree of fresh-

‘ness, This has been made clear by studies of Shewan(5), the Beatty

team(97), the Dyer team(20), Hughes(61,62), and the Amano team(98)4

The Beatty team(97) report that DMA increases in the liquid squeezed from

the flesh of fresh Atlantic cod that 1s left standing, but the increase
is not noted if the same liquid is left in a sterile and filtered state,

From, this, it can be considered that bacteria participateg in the formeation
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Of DMA in fish species but the existence in bacteria state of DMA produc-

Aihg enzyme is not definitely established,, The Reay team(99) concluded that

that TMO is not the parent bod& of DMA from the fadt that when several
parts of bacteria that produces DMA in fish liquidgégg'planted in TMO~~
containing culture grounds, DMA was not produced, On the other hand,
Yeikey (100) studied DMA formation using inert bacteria as enzyme speci-
men, glucose—és the hydrogen-yielding body, and TMO as the recelving body,
and noted the formation of TMA 5ut not the formation of DMA, Accordingly,
the definite esteblishment of the existence of DMA producing enzyme'in
bacteria state must await a future study, But it must be considered also
that DMA formation in fish species may not only be dué to bacteria oxidiz-
ing-action, but may also be the action of enzyme possessed by the fish
species itself, This has been mentioned in the section desling with

FaA formation.j

Processed Fish Species, Regarding the presence of DMA in

processed fish species, there are studies by Ohta(60), Hughes(61,62),
Yatsuzaka team(90), the Kusakabe team(10l), Miyshara(91l), Tokunaga(94,96;
102), and the Murata team(103), Chta heated the flesh of mackerel, sardire,

and "aodai" Paracaesio caeruleus for one hour at 113 degrees C while Hughes

heated the flesh of Atlantic herring for one hour at 120 degrees C and
both reported the formation of DMA, This fact indicates the possibility
of DMA formation during the sﬁerilization process in certain species of
canned fish, Actually, DMA has been detected by Ohta in canned mackerel,
canned salmon, and canned cuttlefish, Tokunaga has reported the increase
of DMA in "suketodara" in frozen storage, and he is investigating the
factors that influence this DMA increase such as the degree of freshness
of the oritgnal fish, preliminary preparation conditions, and additives

such as reducing agents, According to the Yatsuzaka team, considerable

DMA is contained in salted or dried "maiwashi' Sgrdinops meianosticta.
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Miyahara reports that although DMA 1s not present in fresh "maiwashi"

meat, ,substantial amount is found in dried "maiwashi,® Kusakabe has sep-

8
A
arated DMA from dried cuttlefish in the form of pilelin oxygen saltj bub

Murete did not find any DMA in dried cuttlefish,

Formation of FA

In conducting d'FA debection in canned crab in 1919, Ishida(104)

noted the FA's characteristic show many color reamction in the crab meat,

and by precipating in crystal form through urotropin mercuric chloride

double salt, he confirmed that this show many color reaction substance

was in fact FA, After that, many studies detected FA in cenned fish species,
(105-114), |

On the other -hand, FA has been detected as well in non-heat-treated
fresh fish species, as well as salted and other processed fish species
(104,108,109)111-118), But in these FA detection studies, since in most

~ cases the specimens were distilled through yapor distillation or direct

~ distillation and tested for show many color FA reaction, there is a dapger

of FA being formed due to the breakdown of specimén ingredient due to

heat application; This dangér is even greater in the cases where
precipitation is effected by addition of phosphoric acid or sulphuric acid,
Alégﬁggnkard group(115) and Reay(118) point out that even when FA deteb-

tion is done directly with solution used to draw out water from fish meat,

the FA could possibly be formed through the okxidation of the TMA and DMA
present in that solution, For this reason, the presence of RA in fresh
fish species was passed over for a long time., In 1961, the Amano team(119)

investigated the reason for the FA indicative show many color resction

observed in frozen Mmadara" meat Gadus macrocephalus while on board an

Artic vessel, and separated FA in the form of formol dimedone from the
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unheated draw_out water solution of "madara" flesh, By this it becane

clear for the first time that FA is present in fresh fish species also,

Fresh Fish Sgeéies. The Amand team(92,119) measured the FA con-

tent in the systems and organs of "madara' Gadus maecrocephalus, and:

&,
"Motodara® Theragra chalcogramma(92,94) by the Nash method(120,121),

and found FA scarce in the skin and flesh, but plentiful in the pylorus
fold, stomaché, gall b‘gdder, and spleen, This difference can be seen

also in "komai"]122) Eliginus gracilis of the same cod family, "kattaibo-

hige™(95) Lepidion oidema of the "chigodara" family which is closely ré-

lated to the cod family, "ezolsoainame"(92,95) Lotella maximowlczi, “igom

aineme"(95) Lotella phyeis, and "ibarahige" Nematonurus acrolepis (122)

of the "sokodara" family, And furthermore, there are reports on ¥X

LN .
content in the flesh of the cod species, by Tokunega(94) in "sketodars"

and "komai," by the Fujimaki team(123) in "madéra“ and~"§i;todara." Then
also, the Yurkowski tesm(124) separated and identified FA in the form

of volatile carbonir compound through thin chromatography in the salted

cod specles, From these results, it 1s unmistakable that FA is present
in the cod and itq:closely related specles, But whether or not the pre-
sence of FA is the speclal characteristic of this species of fish must
be subjeet to further investigations, The Yamada team(95) reports the

présence of no FA in the flesh nor in other parts of the system of

"itachiuwo" Brotula ﬁultibarbata and "yoroiitachiuwo" Hoplobrotula armatas

which outwardly resemble the cod species, Opposed to this, Tokunaga(102)
has found the presence of a small quantity of FA in the flesh of "ishigarey"

Karelus bicoloratus and "kurogarei" Liopsetta obscura while in cold

storage, Also the Fujimaki team(123) reports the presence of FA in shrimps
and "onagadai,* Regarding the presence of FA in aquatic animals outside
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the fish species, Tokunaga(94) has reported its presence in the flesh of
ssggittated celamary, and the Yamada team(95) in the midintestinal section

of "gazami®" Portunso trituberlatus and "hiratsumegani®" Ovalipes punctalus,

Parent Body of Enzyme, The Amano group(92,95) points out that

there is an intimate relationship between the formation of FA and DMA,

noting that in "madara" Gadus macrocephalus and "suketodara" Theragra

chalcogramma, DMA is plentiful in the system and organs where the FA is
also plentiful, Also, studying the changes while in storage of FA and
DMA in the same fish species(98), he deduced that the formation of both

' (approptiateness
substances wa¢ due to enzyme action, The(accuracy of this deduction .
was confirmed by later studies(84,125), This formation enzyme is present
As.present in the sediment section of ammonium sulphate 0,14 to 0,35

saturated, in the pyrolus fold of "suketodara," Theragra chalcogramms,and

if the'upper clear section of the salt-reduced solution is added to this

A sediment, the formation of FA and DMA from TMO is noted(126)., The auxi-

liary enzyme present in this upper clear section of the above mentioned
, solu'bion‘is a heat~resisting substance(126), '

Vaisey(100) reports the formation of a small quantity of FA and

DMA accompanying the fé:nation of a large quantity of TMA when TMO in
vitro is reduced by sistaln, This reaction is induced by haemoglobin

or double iron iongiOO). But it is difficult to imagine that FA and DMA
are formed in the'cod apeciés by ihis kind of chemiocal resction, or thét
an enzyme inducing fhis kind of reaction 13 present in the cod épecies.
The reason for this is that the formation of FA and DMA in cod species

is always preceded by the formation of TMA(5,98). Soudan(113,11) claims
that TMO is an aldimine of FA and DMA, that the breakdown of THO takes
pl&ce in the presence of oxide or an enzyme that takes away the goténtigl
thus forming fA and DMA in fish species, But this idea does not explain
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the faet that FA and DMA are hardly ever found in the flesh of the shakk

species which are rich in TMO content(ﬁ Zé 119) and the fact that both
substances are found only in specific fish species,

TMO is deduced to be the parent body of both FA and DMA in cod
species, This is because #hen:TMO 1s added to the system of cod species, Ct

greeter quantity of FA and DMA is produced than when it is not added

- (84,125,127,) - Furthermore, the formation of both substances is thought

to be due to the,aetion>of the same bacteria, The reason for this iz the

formation of FA_and DMA from TMO in the pylorus fold of "suketodara" The-

ragra chalcogramma under identical experimentdl conditions shows the

identical optimum temperature and the identicel optimum pH(125), and in
cod species, the formation of FA is always accompanied by the formation
of DMA(84,92,§4f96,98;102,119,122,125-127). Yot although FA is detected
in fhe midintestinal section of "hiratsumegani", DMA is not, and on the
contrarybnuA is found but not FA(94) in the flesh of "masaba," Mhokke"
and "akagarei." It is difficult to state conclusively at this time that
in all fish specles generally, the FA and DMA formation is due to the actibn
of the same variety of bacteria, But although the formation mechanism
of FA and DMA in cod species is not clear at this time, the fac!é%;ét7)
an extremely small quantity of methyline blue induces the FA and DMA
formation is thought to be a clue to the future understanding of the

formation mechanism,

Processed Fish Species, As stated alresdy, the presence of FA

was élarified by Ishida's study(104)iﬁ canned crab, but later FA has

been detected in many other kinds of canned fish species, Namely, on

canned crab, there are Qtudies by thé Dill team(lb5), the Kimura team(106,
107), the Igasa team(108,109), the Yanagizawa team(110), the Lunde team(111)
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and Shimizu(112); and on_othér canned fish specieé by Ohta(60), the Dill
team(105), the Igasa team(108,109), the Lunde team(111l) and Soudan(113,
114), It is deduced that natural FA is contained in some of the raw mat-
erial for these canned merchandise, but that in others, FA is formed from

3

TMO in the steé}ization process during canning., Ohta(60) heated a TMO

. solution for one hour at 115 degreesAC and produced hardly any FA or DMa,

but when he aéded fﬁsh meat extract, cysteins, cystin or-ggxggggggg ete,,
FA and DMA wes unmistsbably formed; he also found FA and DMA in prepared
(seésoned) macKerel on the harket, boiled salmon, and canned seasoned c.
cuttlefish, But according to Hughes(él,éé), when Atlantic herring was
heated for one hour at 120 degrees G during canning, DMA was formed but
not FA, Before this, from the fact that when heat is applied to the flesh

of creb, cuttlefish, octopus, ete., :the show many color reaction of FA

becomes very evident(108,109), Igasa and also Hattori conducted investi-

gations from which they deduced the parent body of FA to be TMO, and that

the MO breaks down during the sterilization process in canning and FA

aﬁd DMA are formed(117,128-130) by way of hydroxy-trimethylammonium hydrox-
ide, 0, N, N-trimethylhydroxylamine, dimethyl-methoxylammonium hydroxide,
But this deduction is doubtful, That is to say, the Hattori team(lBO)‘
duduced the above mentioned formation mechanism of FA and DMA through thé

resction-formation substance fesulting ffom the one hour heat application

-during canning at 180 degrees C temperature which is much higher than khe

temperature required to kill bacteria in canned goods, On the other hand,

the Yanagizawa team(llQ)has deduced the FA regction indicating substence's

parent body in banned crab to be histigen, but experimental foundation
for this conclusion is lacking, ;n the formation mechanism of DMA that
oceurs yhen Atlantiic herring is héated' to 120 degrees C,»Hughes(él)
supports Vaisey's(100) raaction, But as stated before, Hughes(61,62) did
not detect any FA in the Atlantic herring that had been heated, Recently,
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the Kolzumi teem(131) reports‘that when sulphurous acld is added to TMO
solution apd heated in boiling solution state, DMA and a substance

presumed to be monomythylamine is formed in addition to TMA, On the obher

“hand, it was reported by Bickerd(132) some time ago that FA, DMa and THA

X & ) Ay
are formed in the presence oprpecific quantity of unsaturated fat acid,

There is Tokunaga's study on the formetion of FA in frozen fish
(94,96,102), According to this study, the formation of FA and DMA in fro-

zen "suketodara" Theragra chalcogremms meat is due to the action of enzyme

which is activated in frozen state,

. In the organization of this summary, I received the assistance
of professor Yoshiyuki Amano o%tgastern Sea region(sea off Nagoya Citi}
Aquatic Laboratory, and iﬁ the animal names; the assistance of thds
school's instructor Kai Matsui, Instructor Toru Takai and assistent

instructor Mgsaru Tsunso, I wish to express my appreciation here,

- Regarding the fish species namesof Japanese fisheries, I have followed

Mgtsuhara(lBB) for the most part, and in the names of other aquatic
animels, I have followed Okada(l34),
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Abura tsunozame

Glossary of Names of Fish Species

33.

not Found in JapanesenEnglish

Dictionary
Squalus Acanthlas

litersal translation: "Moil
hovoebanik dogfish"

Akagarei literal translation: "red"
) ~ flat fish, or sole,
Aozame Isurus Glaucus literel translation: "blue"
: shark, Size: 3 m.
~ Binnegs . Thunnus Alalunga specietof tuna, Size 1 m,
Chigodara cod species
Dochizame ' : shark specles
¥ymchoma Ezolsoainam literal transl. "Hokkaido
) - Letella Maximowiczl beach rock-~trout"
Gazaml Portunas trituberculatus species of horny crab
Hokke Fish species like trout, food
_ "fish, Size 25 om
Hoshizame Et Shark species, Size 50 cm
‘ : ' used for processed food
Hiratsumegani - Ovelipes punctatus crab specles
Ibarahige ‘Nematonurus Acrolepis literal translation "thorny
' beard?™
Isoainame Letella Phyels - 1it, transl, "beach rock-trout" §
Ichogani - crab specles :
Ishigerei Karelus Bicoloratus 1it, transl, "stone flatfibh or :
. : sole" -
Itachiuwo . Brotula Multibarbata ? i
katekuchliiwashi Engraulis Japonica herring species: 15 cm, ;
_ » ' X% small lower jaw, Used ?é
X for dried fish 5
Jrnadio ka - ERigdrus-Cracdida- Cuttlefich s pecies 3
Kattaibohige - Lepidion Oidema ? !
Kibinago Spratelloides Japonicus 7 ;|
Komal Eleginus Geacills ?
Konoshiro Eonosirus Punctatus - Herring species. 25 om,
Kurogarei Liopsetta obscura Lit, transl, "bhack flatfish
' or sole"p
Madara Gadus macrocephalus Cod species
Maiwashi Sardinops Melanostliocta Important sardine species
for food 25 om,
Marusoda Auxis Tapeinosoma Bonito specles, 40 cm,
Masaba ' Mackerel species
Mebachi Tuna species, 2m, Big-eyed.
Onsgadai Sea bream species 'iovg TAN-ED "
Ohiyo Hippoglossus ? :
Sokodara : Lit, transl. "bottom cod"
Sobenmoso Peridinium polonicum Type of seaweed %
Tarabaebi Pandalus sp, Shrigp specles,
Tanbi see text for' clue ?
Suketodara Theragra Chalcogramma Cod species 60 om, edible roce,
Yoroiitachiuwo Hiplobrotula Armata
Yoroizame Dalatias licha Shark specles, Lit, trans "armored
Zarigani Lobster speciles shark?
found in Northern Japan
rivers,
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File No, 769-18-14 Ddpt, of PFisheries 0ffice of the Hditor Ottawg
5051 “

Additional information for "Glessaries™ page 33 of Translation

oy : Akagarel | Hippoglossoides flounder or sole speciles
- Binnega | Thunmus Alalunga Albacore
{' Chigodara, . Moridae | Cod speciles
Dochizame Triakis scyllia Shark species
Ezoisoainame Lotella Maximowiczi Koro or Incense Burner
Hoshizame - Mustelus manszo- ~ Star spotted shark
| ‘ : or Gummy shark
- Katakuchiiwashi Engraulis Japonica Half mouthed sardine
Marusoda "~ Auxis Tapeinosoma Frigate mackerel
Massabsa : - Scomber Japonious Cbmmon Japanese mackerel
Mebachi ' Parathumis obesus - "Big eye"
thio - Hippoglossﬁs Stenolepis Halibut

Ndféz Thére are,mahy fish species for which there is no common
English name, These are mostly fish caught in Japanese waters,




on.Tranalation: Bulletin of the Jﬁpanese

 ‘Supplemental
PR : Society of Scientific Fisheries,
‘”:f”étPago 3 'Sobonnoso" ¥\ flﬁgollata type microscopic living matter
: RSP found in water,
page 16, paragraph 27 "tanbi” brachyurous

: page 17, final 1ino of page. heéd—féetjspeoies. This is cephalopoda
: A R ‘3 species of mollysc family

"h‘page 21 midpage. oarbonir this may be oarbonyl

Bibliography in titles 92
: .,_" 119&

122 -
126,~

:5  The name “Ioshiyuki Amano” appears to be same personw as
"x Amano"of 'bitle 9%5.
The name Ibshiyuki may also be read - Keiji

Keishi
-or Keiyuki




