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PREAACE

t l -  nccdc h,rdlv hA cfrassed that f reshness is one of the
essential factors of fisheries products. The qual-ity of, fresh fish
as well as that of processeal fisheries products depends upon tbe
freshness of fish when it is lanated at the port, delivered to the
factory or sold to the consune!. Ttrerefore, the probl-eln of f,ish
preservation, in other words "how to keep the freshness of caught
fish", is of prirne inportance in ordex to increase the aalded value
of narine proalucts.

In seeking to improve the present situation of fish pre-
servation in the region, the technique of "how to roeasuxe freshness
or "hott to express scientifically the aleglee of freshness in nathe-
datical terrns" is a very j.nporlant consideration. It is also the
first step to be taken before any effective action can be initialed.
If we can inalicate the alegree of freshness in figures instead of
such va$re teflns as I'good, nedium or bad". based on our own percep-
tlon of the changing color or snell of fi.sh, we will be able to
establish nore scientificalty and nore accurately the existing pro-
blems anal, at the sa$e time, ascertain ways of lnproving the presenl:
situation,

Dr. Hi.toshj. Uchiyana, who j.s an old colleagues of, nine,
and an eminent o.pert on fish preservation in .lapan, vras seconded by
'TICA to ou! Training Departroent, SEAFDEC. as a visiting researcher,
fron 21 August to 20 Septeniber 1978. During his assignment, he was
asked by the Departrnent to prepare a text-book on some basic tech-
niques for the neasuretnent of freshbess of, fish. I hope that this
booklet will be of help to readels interested in this subject.

shigeaki shintto
Deputy Secrelary-General anal

Deputy Chief of Training Depaxtment
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The tenn "freshrle6s of, f,iish' should be taken to include two
concepts t tbe lowering of fresllness causeCl by autolytic actlon of
fish tissuer and tlle so-calleal aleteri.oration, which is initiated by
the onset of spoilage. The folner i6 referreal to a€ "enzlmatic
freshness" and the latter as "bacterial, freshness'i. These co$cepts
r,rere aleriveal fros the facts alescribed below,

Figf. 1 shons the results of changes,
bactetial nuhber, pff value, anourts of free

1. POST-UORIEM CHANGES IN !'ISH MUSCI,E

during ice storage, in
anino acids, salt-soluble
proteins, total volatile
bases (TVB) , and trinethyla-
nine (Tt'4A) in lruscle of
plaice iceil *glnediately
after death.J No signifi-
cant changas laere observeal,

nuniber of bacteria, nor in
the amounts of the basteriaf
aleconposition products such
as TVA-N anal T!jA-N, that
ls, onset of spoilage took
PLace af,ways after auto.lysis
or lo,rering of, freshness
of, fish meat had proceeded
to some extent. This
phenqnenon nas observed in
alnost aI1 of the fish species
with solE differences betvreen
tbe tine when autolysis set
in anal the time \rhen bacteria
glew noticeably anal their
deconposltion proalucts in-
creaseal considerably.

TIIA-N: tri.nethylarline nitrogeni
ADP : adenos inealiphosphate t
IMP ! inosinernonophosphate i
PCA : perchloric acidt
TB : tht'!to1 bluei \
BaB : brontht'lrol blue.
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Fig. 1. Chanqes in bacterial nurnlcer,
amo\rnts of f,ree anino acials, salt-soluble
protejns, total volatile bases (Tva) and
trinethylamine (Tl,tA) in plaice nuscle
aluring ice slorage. (It. UCHIYAMA, T. SUZUKI
AND S. EHIRA (1956).

* Abbreviations:

TVB-N. Total volatile base nitrogent
ATP : adenosinetriphosphate t
AMP : aalenosinenonophosphate t
IlxR : inosiner llx I hypoxanthine,
TCA : trichloroacetic aci.dt
D$A : dimethyl amine t
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2 . MmgODS FOR ESTII,IATING TIIE ENZYMAIIIC
FRASHNESS OF FISIT USING SIMPLE AND
AAPID COLI'!,IN qiaOI&TOGAAPFY

It is se11 known that the post-rbrte! degEadation of ATP
in fish nuscle is effected by a series of enzlane l.eactlons as shown
in !'i9.2, and proceeds rapidly except for the finaL stage fron HxR
to Hx. The enzynes responsibl,e for the reactions have been confinned,
to be ialentical fo! all fish species, by harly j.Dvestigators 2) '3) .
On the basis of these facts, a K value ha.s b..eD proposeal for esti.Da-
ting the enzlaatic freslu|ess of fish by SAIm et aI 4). ttre X value
was given in teres of the latio of the total anounts of HxR and Hx
to the totaL amounts of ATP and its degraalation proalucts it! fish
muscle, This value can be cafculated frcm the follolrl-ng formuLa t

HxR + llx
AI 'P + ADP + AIIP + ' IP+IIXR+HX x IOO (t)

ct-|.o+o+"oc&

rDofi loo(
iL-i.riH!.(lrT?, j--..ai.t-ld.hDP!

!"
*.-,\/

! c-o

T{+j*

Fig. 2. DegradatioD of ATP to Hx in fish Euscle.
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Flom this fonnrla, it is evident that a K value of ftesh
fish or fish of gooil qualj.ty is lor{r, wheteas that of fiah of 1o\der
freshness or infelio! guality is higher.

Itlany researchers have calrieal out investigatiotg to
elucialate t-he relationship between the alegEadation of AIF in fish
rnuscle anal the freshness judged by a sensory test' anal a K value
has been found to be a useful irlalex for estimating freshness of
fish. UCIIIYAI'IA et al 516) surveyed the fre€hness of fish landed
at fishing ports in Japan and the freshness of fish in comercial
circulation, ard obtained the foUoiring lesult6r K values of fish
muscle imlediately after the fish \rag alead rrere unaler 5t, average
of K values of fish ifiledj-ately after being landed at fishing ports,
22.52, t}l,af of "sashini" or sliceal raw fish, a typicaL afapanese un-
cooked food. and of trlateriaL for "sushj-", about 209. and K vaLues
of raw matelial for "kanEboko" (fish cale) and "surinli" (lllnceal
fish lleat) ].angeal florn 4OB to 601. Ihese conclusions were reached
through statistical calculations based on the data obtained frqr
many samples.

on the other hand, JoNEs et al 7) has proposed Hx in fish
mlscle as a useful index of freshness of fish. Holrever, the con-
version of, tlegladation proalucts of ATP in flsh liuscle fron ltxR to
Hx j.s predoldnantly influenceal by the enz!'nes, nucleosidehyakolase
or nucleosialephosphorylase (Fig. 2). ttle activity of these enzymes
in fish rnuscle diffels in diffexent species. Fo! exaqrle, j.t was
founil that nuscle of horse riackerel either lacks bot-h t-hese en>l/ne6
or their activity is extretnely weak, lvhereas these enzyees in plaice
lnrscle ale extrexely active dr. Accordingly, in luscle of horse
nlackelel, llxR accumulates to a consialerable extent (gxR acs'unulatirg
type), whereas in that of plaice Ex accuruLates prealof,dnently during
ice storage of the fish. rn soele species both HxR al}al Ilx are accunu-
Lateal (intermediate type). Moreover, of scme 110 species of fish
investj-gated, 9) 40 species were cl.assified i$to the HtrR accruulating
tt'tr)e ard about 50 species i',ere classified into the intermedj.ate ttrpe.
this fact shors that tt is i,ryossibLe o! dtfficult to estimate the
enzymatic freshness of fish by aletelnitLing llx in its muscle. As
for the K val"ue. howeve!, as described above, it is e.presseal as the
ratio of the ancn]nts of HxR and Hx to the total aftount of ATP anal
its degladation ploducts in fish nuscle. Theref,ore, a K vaLue can
be appLied to al1 of the fish species, ,ithout f,egatd to accueulalion
of lI:iR or llx. as an index of the enzrynatic fleshness of fish,
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It is necessar.y, in the analitycal procealures describetl
below, to use standarad solutions prior to neasurj.ng. K values of
fish sanples, until good recoveries are cibeained rur.

2.I  Reagents

ATP, ADP, AMP, IMP. H:aR, and Hx pulchased fron
Sigina Chemical- Co., or Boehlingex & Soehne Co.,
a-re prefera.bly used for pleparing the stanilard
solutions. These soLutions axe prepared as
10 nM aqueous solutj.ons except for the Hx solution.
A 10 mM Ex solution is prepared by dissolving the
xeagent in 0.O5 { sodiun hyalroxide because of its
lot^' solubility in water. All the standaral sofulions
are stored in a refrigerator at -20oC.

2.2 Prepa.ration of nuscle extract

AfP and it6 post-mortem degraalatlon compounds in
fish nuscle are solu.bl"e in PcA or. rcA which is
wialely used for pr.eparing a ileproteinizeal extract
for determining TVB or TMA-N in fish tissue.
Nucleotiales a.r}al their related conpounals have ultra-
violet spectra, and are detemined quantj-tatively
from optical densibj/ values at 250 p or 260 U.
therefore, muscl,e extract for heasuring the K value
nust be prepared nith 

"CV 
which, differing froEr

TCV. has oo ultraviol"et spectra. The procealure for
the extraction of AqP and its related conpounds
fron fish nuscLe is shown in the flowsheet in I'i9,3.
h a 10 ml centrifugal tube I g of muscle is honoge-
nized at ice tenpelature with 2 RlI of cbiUed IOt
PCA by using a gLass rod. The homogenate is centri-
fuged at 3,000 4nn for 3 nin. Ihe resialue is washed
with 2 rnl of chilled 5s PCA, anal tecentrifuged,
After this process has been repeateal twice, the
supernatalrts are conbineal and j"mEdiately neutralizeal
at ice tenFerature !,rith a srnall- guantity of l0 N
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One g of luscle + 2 nl of chilled loc Pca

Talen into a 16 d cantrifugal tube, arlal stlrreil wlth a glas6 loal

centlifug€d, 2,000 - 3.000 4m, 2- 3 nin

If a large anount of fat appears in the supernatant, it is rercvetl by

f,iltration. In the case of a snall arhount of fat, it i.s left as it is,

Res + 2 d of chilled 5*.PCA

I
+ 2 nL of chill"ed 5$ PCA

I
Res,

Nuclej-c acid, protein

I
Centrif rryed, 2,000 - 3,OOO 4u, 2 -3 ldn

Neutralized to pB 6.5

At first, neutlalizeal to pH 3 with

lO N KoE using TB test paper. anal

then neutlalized to pE 6.5 -6.8 rdith

L N I(oH using B1ts test paper.

Centrifugeal, 2,OOO - 3,OOO rpm, 2 -3 tnin

Sup. Potassi.ruir perchlorate +2 dof chiued neutralizeil PcA solutlon

I

Sup. Potassiutn pelchlorate

Biought up to l0 el with chilleal neutlalized PCA sol-ution (pH 6.4_

-2ooc refligerator

Fig. 3, Preparatlon of f,ish huscle er(tract.



potassirn hy&o:<ide to about pH 3.0 using Its test
paper, and finaUy to pH 6.5-6.8 ifith a few alrops
of 1 N potassiua hydloxide uslng Blts test paper.
Tbe neutralized extracE ls centlifuged and the
plecipitate of pota6sir)ll pelchlorate for&eal is
washed twlce at lce terperature \rith 2 n1 portions
of chilled neuirralized PCA (5t) solution (pg 6.4),
The supehatant anal washings are cohbined and the
total volunes are blought up to f0 rnl with the
chilleal, neutlalized soLution pll 6.4. Ext acts
thus prepareal .rre stored at -2OoC in a refrigerator

. 
to await anal.ysis.

2.3 Preparatrion of ion exchange resin

Dosex I x 4 (Cf typ€, 200-400 ne6h) resin is washed
lrith acetqre, foUcrred by I N soalitn hydroxide,
aleionized water, and I N hytlrochloric acid i.rr tld.s
oralet. After being washeal finaUy lrith aleicnized
water, it is stoled in refrigerator at 50 - lOoC.

2.4 Co1llm used

-  5 -

A Le x 0.6 cn (diam.) colunn fitted at its lower end
\rith a glass fil.ter is used (Fig. 4). Instead of the
filter, glass wool can be used. Itre lower end of the
colum is narrqred to nj.nimlze head space. thereby

Perchlolic acid extiact of fish nuscle
Neutralized with KOH to pH 6.4
Adjusted the neu_trallzed extract \nith
:lmollia irater t<i ptl 9.4
Chalged on D<rrex lx4 clrloric tlll'e cohDn
Washed lrith about 20 n! of $ater
Eluted witn 50 n'& of O-OO1 N Ecr

I
t--l ^

tU(R, Hx Eluted riti 50 n, of 0.6

z5or4r Nacr in o 01 Nrflcr

AUP, IMP, IIDP, ATP

250 ni

I
I

fig. 4. Rapld fractloaation nethod fo! the
nixtules of HxR + Hx and llMP + fMP + A.DIP + AIP.

':!5

lt
hi
til
H
]L
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ensuring shatP sepalation of the conpounds. As
Plate L shows, a separate funnel is connecteal to
the top of the col-unn for convenient aDd rapid
separation of the co[[)ounals. The ion exchange
resin washed is packed 5 cm high using a pipette.
Suspenaleal resin ia poureal carefully a1on9 the inside
wa1l of the colunn so as to avoid air entering the
resin beal. It is convenlent to use a smal1 pumtr)
in oraler to speed up packing the resin in the collmul,
lihen the coLunn is used later, it is stored in a
refrigerator at 5-C afte! its top and lower enals
have been sealeal with parafilm or an ordinary rubber
stopper. It is convenient to prepare a n\Iriber of
colunn€ and store lhem in a refrigerator so that
they can be useal inmealiately at neeal.

2.5 Preparation of eluti.ng solulion

The folf,owing solutions are prepaled with sodiurn
chloride {guaranteed reagent) and 1 N hyalrochloric
acid of factor 1.O0 which is connercia.llv avail-able.

Solut ion A: 0.001 N hydrochLoric acid

Solntion Br 0.6 M sodi,fii chloride conCaining O.Ot N
hydrochloric acial.

2.6 Procedure for separatins !I8 3!{L!irq!94 !!!]geq!]1Cq
ATP, ADP, Al4P and IMP

The floir sheet in Fig. 4 shows a procedure for estina-
ting a K va1ue. At first, 2 rd1 of neutral-izeal rnuscle
extract is placeal in a beaker of about 20 mt, adjusted
to p$ 9.4, [sing TB test paper. with a few alrops of
0.5 M lj-guid arnmonia, and then cha.rged in the colunn.
The inside wal1 of, the beaker in \rhich the sanple
sofution has been placeal is washeal ll/ith a sma1l
quantity (about 2 n1) of deionized water which has
been adjusteal to pli 9.4 irith the liquid alsronia, anat
the irashings are aLso charged irl the coLmn. A sna1l



punp is convenLently useal here, too. I,{hen the
rneniscus of the sarE)le solution has been lor,refed to
the top of the resin beil in the co1l!r|, a separate
funnel is attached to the coluivr, 20 nL of aleionizeal
water is poured into it, and andno acids and other
ultraviolet absorbing compounds ar.e el-uted with water
f,rom the collnnn. In oriler to elui:e HxR anal Hx, 45 B[
of solution A ia pou-red into the sepalate funnel, and
continually droppeal into the colur(r at a flow late
^f ,l'.ri 1 - ,) nl har mih The eluate is tecelved in
a 50 nl volumetric flask. llhen the neniscus of solu-

. tion A useil nears the top of the resin bed, 45 e1 of
solution B is poured into the separaEe funnel and
elution is perfofined as alescribed above. By this
processr ATP, ADP, A!4P anal 1MP can be eluteal under the
influence of p$ anai the concentration of soalium chlo-
ride in soLution A. The elutes of solutions A and B
received in the volunletri.c flasks are broueht up to
50 nI vtith solutions A and B.

2.7 Calculat ion

-  a -

Ttre value of K can be cal-culated froln the following
folmula:

E 250 n! A x 100 (c)
E 2 5 0 n U A + E 2 5 O h l B

l{here 6 25O n! A and E 250 rn! B are the optj.ca.I
alensitj.es at 250 nli df the fractlon of solutions A
anal B, respectively.

This procesa can be conveniently carrieal out using
a siopLe apparatus as shcMn in Plate 1, grhereby it
is possiSLe to ileternine the K values of approxinately
30 saq)1es per day.

i
t.
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Plate 1. SinpLe apparatus for rapid
estination of the K value

METHOD FOR ESTIMATING THE BACTERIAI,
!'RESHNESS USING lI3I,UE OF TVB-N

While passing through the stages of rigor mortis, lesolution
of ligor mortis anal autolysis caught fish spoils. The bacterial num-
bex at the initial stage of spoifage has been said to be 10r celles
per g (of nuscle). However, this val\re is not a precise one, but
cajl be useal as a rough stanalaral. Duling the tjre when fish or she1l
fish a.re alive. theix 9iL1s and viscera are being contaninated by
bacteria. The bactexia nultiply at the later stage of autolysis.
They a.re hostly sycrolrophilic bacteria, and nainly of Lhe genus
Pseudononas, which are Gran negative bacteria rr/. As a rneans for
the aletection of fish spoilage, therefore, methods to measu.re bacterial
netabolites have been widely enplo],ed. Ihe typical substances of the
tnetabolites are I'VB-N anal TMA-N.
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Volatile bases incluale ccapounals such as amroniwr, one
of the decodlposition products of amino acids ir fish nuscle, anal
TI,IA-N alescrlbed belor^r. Measu!€ment of TVB-N is one of the nEthoals
vrhich has been tnost widely used fo! estinating bacter.ial freslmess
of f,ish, aod can be divided into the blro processes, distiUation
and the niclo-diffusion rnethod. Because of its sj.nple procedure,
the Latter nethod is described here.

Measurenent of TVB-N

3.I Prepa.ration of nuscle extract

Tvo g of, fish muscle are grounal naj}ually in a nortar
with l0 m1 of 5t rcA. While being occasiorElly
honogenizeal, the brei is alLosred to stanal at roon
tenperature for 30 nin. If the tenperatufe is higher
than 3OoC. the extract is prepared at a lowe! tempera-
ture by using a nortar chilled $dth iee. for at higher
tetrperatures aldde bonds in fish nn:scle are deconposed
by the rcA useal to give ba6e€. The nuscle honogenate
is filtrated with filter paper, anal the filtrate is
stored in a refrigerator to anvait analysis.

3.2 Apparatus

Conway I s ce1l nade of hard glass as shown in Fig. 5.
is used. The alish, 75 lttn in dianeter and l5-2O llel in

depth, with a$ innetr
lillg 10 mr tn hetght,
is ccmrelciaL ly available.
llle ceLl consists of a
allsh, a cove.r. anal a banal
nade of steel which is
useal for keeping the in-
slde of the unit airtight.
A unit 1n which conplete
ai-rtj.ghtness is not
attaineal cannot be useal.

--=41-- Amic!o-holizoDtal-biurcrr

Fig. 5. Appalatus for Diclo-
aliffusion analysis.



Three g of tragacanth gum i6 ali€solveal in 30 nl
of aleionized wate!, mixeal with 15 nf of gIyc€line
a$al 15 nI of 50t Eaturateal potassinrn bicarbotEte,
anal the nlxture 16 Ehaken.

Reagent: The foLLot{ing reagents are used:

O.1 g of bromcresol green and 0i2 g of nethyl
leal are dissolved ln ethyl alcohol aDdl the
volume is brought up to 100 mI vith ethyl
aLcohol.

Inalicator contalnlng boric acial

ten 9 of speclal grade boric acial, 20o nl. of,
ethyl alcohol antl 10 m1 of the inalicato! alea-
cri-bed above are nixed, and the final volune i6
blought up to I I $ith dei.ordzeal water.

Saturated Solution of pota€sirn bicarbonat€.

3.3 Procealute

A snall arbunt of glue 1s applieal uniformLy to the
insiale of the cover wlth the finger. one n1 porlion
of the Indicato! contalnlng borlc acid, and the sanple
solution are plpetted into the inner ring (A) and the
outer ring (!), lespectively' anal a cover is set on
the dish. ThE cove! i6 sltd back a little, I nj. of
the satrEated pota6aiun bicalbonate is j.drediately
pipetteil into the oute! ring (B) of the alj.sh, aDtl tlta
cover ls pronptly pLaceal back on the alish. the dish
is fixett with a ste€l banil describeal above. Being
volatile unile! alkalinc conAitions, the base in th6
sample solutlon is absolbed in the boric acid in the
irmer ring, Due car.e nust be tak€Nr in ilropping the
alkaline solutlon. The aallt)].e aolution and the
potassiLd blcalbonate ln the oute! ling are nlxeal by
rotating the unlt. Slnllal1y, the blank test unit,
nhich containE I of 5i TCA solution, instead of
Ilruscle extlact, aDd other reagents, is rotated 3-{
times,

b )



as lrentloneal abov€. fllle 6€rq)Ie solutLon anil tbe blaik
test solution thus tr€.t6d are kept at 3?-C f,or 90 !dn.,
in a thetrbstat, artl ti.trated aE follclw6:

A rnicro-horizontal bulette a6 shovrn ln Flg. 5 is us€il
fo! titration. The borlc acld in th€ ltn€r :.ing l-s
titlat€il with l_ ! hydlochlolic acid in otder to dete!-

50
nine the basic substanc€F irhLch eere absorbeal in lt.
The bollc acial is titrateal by droppLng hyilrochloric
aclal, anil hixing the aolution u8ing a 91ass roat. this
plocealule is repeateil untll the gleen coLour of the
indicator ilisappears. The use of L N hydlochlorj.c asld
of factot 1,000, rdttLch i.s comnercially avallable, i€
convenlent.

3.4 Calculatlon

Tlte at$cunt of TVB-N La calculateal fJ.on the fouc'vJing
formulal

TVB-N = (x-b) o.28 a latio ot airotioo o! sabDle

l{here X is the aeunt (rnl) of hyalrochloric aclal useat
for the tltrationi br blank value (nI) i 0.28r the
arbunt of ardnoni.urlFnltlog€n equival,ent to L m.L of
L g hydrochloric acld, anal the latio of alllution is
50
a latio of the anount (g) of tUe sat4,Ie usetl to 1OO g
of, lluscle.

T\,ro tleterDlnationE ale lratle for each satqrle. After
it haa been confiaed that the two valueg obtainett
are Eimllar, thei! lean value is calcuLateil.
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MEIIIODS FOR ESTIMATING THE BACTERIAL
FRESIINESS USIN6 VAII]E OI' TMA-N

Measurernent of TMA-N

1 ' \
Tt has long been knolon that TMA i6 a substance _-' pecullar

to fish and sheU fi.sh anal distributeal in their nuscle, viscela etc.
After the fish or shel1 f,ish has alieal, the substance is converted
to TMA by the action of a reiluctase in bacteria as follows:

(cs3)No (cH3)N

It has been reportedl that, in sorne fish species' the realuctase
occurs in their red muscle. Even in these species, however, the enzyme
does not occur in their oralinary huscle. Therefore, the neasurement
of TMA-N has been lrialely efiployeal as a useful lletJroal for detecting
spoilage of fish. Thlee tnethods, alistiLlation, nicro-ali.f,fusion anal
Dyer's colorinetric nethoal using picric acid, are cornrDnly useal.
The micro-aliffusion methoal is the si4)lest to nanipulate.

4.1 Micro-diffusion nethoal

Ihe proceilure is the sane as that for TilB-N tlescribeal
above, except that 1 nl of fornElalehy(Ie is aalaleal to
the sanpf,e splutlon ln the outer ring of the unit.
The fornalal€hyale solution ia aalded in oraler to f,ix
any arftdronia present in the sanple solutioni thus only
T!{A is lEasured. Tbe anount of TtrtA-N is calculated
in the sane way as that of TVB-N,

'. , g=-_=__c=.t1:Y9

Recently Dl'errs methoil was rnodified by SneWAN et at.13)
the nodifleal nethoil is alesitlbed here.

Formalalehytle is aaLled to a TCA extract of fi.sh nuscle
in order to fix any amnonla present, anil TMA in the
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aafiE fe solutioD la o:atracteal with toluene. Colou!
ia &veloped by ${A reactlng ylth picrLc acLal' TllA
being colorlmetlLcally dleternlned. DIER et al.
eq,loyetl potaasLrs blcalbonate as the alkallne agent,
nhich waa usetl Ln orde! to liberate TlO fr@ the
er.tf,act. SflEllatl et al, hord€ver, atlvocate the uge of

.45t potassiu$ hydroalile es the alkaline agent. The
pu4)ose of this nodlf,lcatlon ls to eliminate the
effect of Dl4A, whlch occuls ln flsh luscle. Accolaung
to them, potasslual hydloxlde gave results corlespondUng
rbre closely to the Conway nethoal, anal 451 potaaaiu$
hydloxlde was sqperio! to the 25e potassiun hydroxlde
useal by BSlIIltgt() et aL .

4.3  @c

The following reagents are use'dl: 101 fornalAehyde.
toluene, 45t potassllrr hydroxitle, 0.O2t picric acLal-
tolue$e solution, antl Eoalfirn aulfiale arihytlrous.

4.4 Procedure

Five nl of TCA extract of flsh mrscle is taken into
a €eparate f,unnel, and 1 lrl of 10t fonEldehyde, I0 el
of toluene, and 3 n1 of 45c potaBslun hyalroxlile are
aalded to the extract ln thia order. The dixture ls
vigorou6ly shaken 60 tLdes by hand and the phases of
toluene and !tat€! are allott€fl to stanal for a tine to
ensnre cooplete separation. lbout 7 nl of toluene
phase, i.e. the uppe! laye!, i€ taken into a test tube,
anal arihyalrous sodLu! sulflile lB aaded to it little bil
little (ca. I g) unttl the sodiro sulfiale aililed is no
longer aalhesive even by.shaklng. Five nl of the toluene
thus treateil is tak€n into a te€t tube and 5 nl of
O.O2t piclic aciil tol.u6n€ solutLon are atLlett to it, the
color that aleveLopa la eBtfuatefl colorinetrlcally.
opticaL. denslty at 410 ml] ls measured relative to a
blank in which 5t TqA waB tleated 1n place of nuscL€
extlact. Erlor to EatrE)le analysls a stanalard cali.b:.a-
tion curve nrust be conBtructed by treating TlrA-hydro-
chlorlale solutiohe of aUffer€nt concenttatlons as



alescribed above. F19. 6 shows an exampLe of the
calibration curve. lloweven, a calibration cu?ve
muat be constructed h|1' each investigator.

The content of TMA in sarple tissue ia calculated
fron the follording fornula using the stanalard curve;

TMA - (X-b) xK (ngt)

whele x is optical densitt' at 41O n! of safirple
solutioni b, optical density at 410 aU of blank
testi K. a constant, the albuj}t of TMA per unit of
optical density which \das abtalned fron the standla.rd

E

0 . 6

0 . 4

0 . 3

o.2

0 . 1

0

TMA'N, mg%

Fig. 6. Standard surve fo! IliA-N
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