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ABSTRACT
Trimethylamine in fillets of yellowfin tuna was determined
qualitatively by paper chramatography and quantitatively by moritar-
ing the absorbance of the trimethylamine picrate salt at 410 mm.
The results show that the concentration of trimethylamine increase

with storage time and temperature.

INTRODUCTION

Of the 2,000 species of aquatic flora and fauna
listed by the Proposed Fishery Industry Development
Act of 1972, only a few species are harvested for
commerce, trade and home consumption (Rillo, 1973).
One of these is the Yellowfin tuna, which is number one
in the list of fish and fishery products being exported
by the Philippines (BFAR, 1975). In 1975, the quan-
tity of yellowfin tuna caught by commercial vessels was
9.7 million kilograms, 8.1 million kilograms of which
were exported in the frozen state.

The taxonomy of tuna is quite conflicting.. It
is classified under the family Thunnidae by some ichthyo-
logists (Herre, 1953), and under the family Scombridae
by others (Perlmutter, 1961). The yellowfin tuna,
scientifically known as Thunnus albacares, is locally
known as tuna, tambakol, tulingan, bareles, buyo,
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badlawan, balarito, and panit. It bhas a robust,
compact, rounded but streamlined, bullet-shaped body
completely covered with scales. It has a dark back
and silvery sides without the stripes, bars and dark
spots which other finlet fishes like the bonitos pos-
sess.

A mature yellowfin tuna can be identified without
trouble because no other tuna has unusually long second
dorsal and anal fins of a brilliant cadmium yellow
color, characteristics which the young fish does not
possess. The first and pelvic fins are tinged with
yellow and the finlets are bright yellow with narrow,
dusky edges. Irregular, spotted white markings which
fade quickly can be seen on the lower body of the live
fish, The pectoral fins are as long or slightly longer
than the head. The first dorsal fins have 13 spines,
the second dorsal fins have 14 rays followed by 8-11
separate dorsal finlets and 8-10 anal finlets. The
yellowfin has a gill raker count of 36-22. At sexual

maturity, a yellowfin tuna may range in size from 2-
4 ftr.

Although the tuna is a temperate fish, its spawning
area includes the entire equatorial Pacific. The season
extends throughout the year, the low months being
November, December and January and the high months
being April, May and June. In the Pacific, commercial
catches range in size from 6-200 1bs. with most of
them being under 40 1bs., (Migdalski, 1953).

Because the onset of deteriorative changes occurs
rapidly, fish is probably the most perishable of flesh
foods, its marketability affected to a great extent
by the degree of freshness. The assessment of fish
freshness thus assumes some importance in the industry.

Despite numerous attempts, the search for chemical
methods of determining fish freshness that are univer-
sally applicable and correlate well with organoleptic
freshness continues. The methods that have been
developed invariably consists in the measurement of
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either a specific chemical component such as skatole,
indole and trimethylamine which form at the onset of
spoilage, or a group of related substances such as
total volatile bases of acids (Stansby, 1976).

Of the many single chemical tests for fish fresh-
ness, that which involves the determination of tri-
methylamine (TMA) is most widely used. So far, three
techniques for the quantitation of trimethylamine
formation have been developed and modified: micro-
diffusion, gas-liquid chromatography (GLC) and spectro-
photometry. The first method is reported to give
reproducible results if properly carried out but is
believed to be rather inconvenient and inaccurate.
The second, GLC, is quite accurate and sensitive, cap-
able of measuring even minute concentrations of tri-
methylamine. The third method uses readily available
reagents and is quite conveniently performed. Basical-
ly, it involves the volatilization of trimethylamine
by an alkali from the acid fish extract into a
toluene phase to which picric acid has been added.
This results in the formation of the picrate salt of
trimethylamine, and the ionization of which is then
measured spectrophotometrically. First formulated
by Dyer (1939), the method has been modified succes-
sively (Castell, et al, 1968, 1970; Murray and Gibson,
1972), the accuracy of which equals GLC and the results
of which agree excellently with the modified picrate
method. :

This paper examines the applicability of the
modified picrate method in the determination of tri-
methylamine in fillets of yellowfin tuna, the Philip-
pines' primary fish export. Trimethylamine formation
is correlated with storage time and temperature and
the results compared with standards of freshness for
fillets from another fish species.

MATERTALS AND METHODS
Sample preparation

Yellowfin tuna of the same catch were obtained from
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one and the same fish vendor in Quiapo Market Manila.
Their past history is unknown but they can be presumed
to have been previously stored in ice for 1-2 days, grant-
ing that standard storage procedures were followed.
The fishes ranged in weight from 3-5 kg and measured
1.5 - 2 ft. long. They exhibited all the characteristics
described for fresh fish and were taken to be at the
rigor mortis stage. After scaling, gutting, and washing
with tap water, they were cut into 1/2 - 3/4 inch, thick
fillets. Fillets from fishes of the same catch were
randomly mixed, individually wrapped in polyethylene
bags and and grouped into three batches. One batch was
stored at room temperature (28 to 32°C): the second
was refrigerated (8 to 12°C). Fillet samples from each
batch were then withdrawn from storage at varying time
intervals from TMA analysis.

Extraction of TMA

Several fish fillets from each batch were withdrawn
from storage. Frozen fillets were allowed to thaw but
not completely defrosted to prevent any bacterial deteriora-
tion of the defrosted muscle. The skin and bones were
separated from the flesh and discarded. The muscles
were then minced and mixed. Around 100 g of minced
fish muscle was weighed and homogenized with 300 ml 5%
trichloroacetic acid (TCA) solution for 2-3 min. in a
Virtis "23" homogenizer. The resulting slurry was
filtered through Whatman #4 filter paper until a clear
extract was obtained.

Qualitative determination of TMA by paper chromatography

To the extract obtained above was added 75 ml of
50Z formalin followed by 150 ml toluene and 200 ml 45%
KOH solution. The mixture was shaken vigorously and
the toluene layer was collected and washed with 100 ml
0.6 N HCL to remove the amines. The aqueous layer was
collected, over-dried under vacuum to around 5.0 ml and
analyzed by paper chromatography against a TMA-HCL
standard with n-butanol: acetic acid: water (4:1:5)
as irrigant. The chromatograms were dried and developed
with 12 vapor for the detection of tertiary amines and
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with 17 muhydrin solution for the detection of primary
and secondary amines.

Quantitative determination of TMA

To 20 ml of acid fish extract was added 5 ml of
50% formalin. Depending on the expected TMA-Nitrogen
(TMA-N) content of the extract, a 0.2-4, ml sample of
the extract was taken and made up to 4.0 ml with distilled
H20 in a test tube. Formalin (1.0 ml of a 50% solution),
toluene (10 ml) and KOH (3.0 ml of a 457 solution) were
then added in succession. The test tube was stoppered
and shaken vigorously about 50 times and the phases were
allowed to separate for 10 minutes. The toluene layer
was collected, dried over about 0.1 g anhydrous Nap SOy, and-
5.0 ml transfered into another test tube containing 5.0
ml picric acid. The test tube was swirled gently. The
absorbance of the resulting solution was read on a Bausch
and Lomb Spectronic 20 at 410 nm against a reference
blank consisting of 4.0 ml distilled HpO treated in the
manner described above.

Preparation of standard curve

Several aliquot portions of freshly standardized
TMA-HCL solution were taken, each of which was made up
to 4.0 ml with distilled Hp O and treated according to
the procedure just described. The absorbance of each
was measured and the total weight of nitrogen in each
aliquot (TMA-N) was calculated as mg TMA-N/4 ml solution
and plotted against absorbance. The slope of the 1line
was calculated using the method of least squares.

Calculations

TMA-N/100 g fish was calculated in the following
manner:

Absorbance _ absorbance
slope of std. curve 21,40

Total mg TMA-N standard =

Total mg TMA-N standard

ml aliquot x 25 ml

Total mg TMA-N aliquot =
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Total mg TMA-N TCA - lotal mg AN allquot 4 300 ml
extract
mg TMA-N/100 g fish _ Total mg TMA-N TCA extract < 100

weight of fish
RESULTS AND DISCUSSION

The paper chromatograms of the fish extracts when
developed with iodine vapor invariably showed only one
spot with an Rf value that closely matches that of the
TMA-HCL  standard. No spots developed when the
chromatograms were sprayed with a 1% ninhydrin solution,
a reagent specific for primary and secondary amines.
These results indicate that only the tertiary amine,
trimethylamine, was liberated from the trichloroacetic
acid extract into the toluene layer after the addition
of KOH, the alkalising agent; and that it is the colored
tNimethylamine picrate salt that is formed on the sub-
sequent addition of picric acid to the toluene layer.

A standard curve of absorbance as standard TMA-N
concentration expressed as mg TMA-N/4 ml was prepared.
Altogether, 11 aliquot portions were each made up to
the volume of 4 ml. The concentrations used and their
corresponding absorbances are given in Table 1. Appli-
cation of the method of least squares gave a straight
line with a slope of 21.40. this slope together with
the observed absorbance was used in the computation of
the TMA-N concentration in each of the fish extracts
as detailed in the preceding section,

The fish fillets were stored under three sets of
conditions: at room temperature, under refrigeration
and under frozen storage. The formation of trimethyl-
amine under each condition was monitored at different
time intervals. The results are summarized in Tables
2,3 and 4, In each case, day O denotes the day sample
batches were prepared prior to storage. It will be noted
that the starting TMA-N concentrations are not uniform

-



72 Esparaz and Cajipe: Trimethylamine in Tuna

Table 1. Concentration and absorbance values used in
the preparation of the standard curve.

Standard Concentration Absorbance at 410 mm
Solution in mg TMA-N/4 ml
1 0.0047 0.065
2 0.0095 0.152
3 0.0142 0.234
4 0.0189 0.375
0.0190 0.390
6 0.0236 0.451
7 0.0284 0.560
8 0.0331 0.600
9 0.0378 0.760
10 0.0380 0.755
11 0.0570 1.200

for all cases. This suggests variations in the initial
conditions of freshness of the fish samples used in the
experiments, This situation arises because the fish
used for each set of experiments were purchased on
different days.

The results clearly show that on day O, even before
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sample work-up, TMA formation had already occurred. This
indicates that deteriorative changes in fish take place
quite readily, possibly setting in as soon as the fish
is taken out of the water. Deterioration progresses
with time until fish spoilage occurs, the rate being
strongly dependent on the conditions of storage. It
is evident from the results obtained that trimethylamine
accumulates as spoilage proceeds, its rate of formation
being a function of storage temperature. The data in
Table 2 show that the concentration of TMA-N in the fil-
lets almost quadruples (from 0.678 to 2.48 mg/100 g fish),
after only a quarter of a day's storage at room temperature
increasing, but not as abruptly to 17.2 mg after 2 days.
A similar rate of increase in TMA-N concentration is
not observed in fillets kept under refrigeration, the
initial amount just nearly doubling, but only after 5
days' storage (Table 3). Freezing effectively deters
trimethylamine formation, the concentration being nearly
constant for 12 days, doubling on or a few days before
day 25 (Table 4). These observations are graphically
summarized in Figure 1 which shows a plot of TMA-N concen-
tration vs storage time. Any apparently anomalous
decrease in TMA concentration with storage time may be
attributable to experimental error possibly arising from
the loss of small amounts of the extremely volatile amine
during work-up.

The progressive accumulation of trimethylamine
parallels the sensory observations made of the fillets
for the entire duration of the storage. This test has
proved to be useful particularly with certain low-oil
content species such as cod and haddock. For haddock
fillets, for example, Castell and Triggs (1955) have
set the following standards of freshness:

0-1 mg TMA-N/100 g fish = fresh

1-5 mg TMA-N/100 g fish = doubtful or spoiling
5 mg TMA-N/100 g fish = spoiled

-

The same authors take note of the alternating standards



pawIoy
I9iey suwrls
‘suorjejuapur

198uTy surelal 06°%1 8L1°0 £888° %01 1
yss13 ‘priang [ANA 09°61 0EE"0 LGST 86 I [4
- 06791 8IL°0 8L%8° 801 [A
ptIang £°61 00° %1 009°0 Ow%S " LOT I €/1 1
IOpO TEJEBTUOWWE
£19a pue aTelSs €0°G 09G°0 0T19°L6 [A
‘gsa[y 13yog 81°9 A 0%8°0 826S 001 I I
IOpO TBOETU
—oumre £13Yy31TS 86°C 0zL°0 00s1°221 [A
UseTy wiItyq 8%°C 8ET 09570 689C €01 I /1
IOpo
Ayst3y Apoomesas
ingq SWITS ou 859°0 8LI"O 096€ "8T11 A
‘ysery wItyg 849°0 669°0 GIZ°0 L0S9°%ET I 0
uoTIENTERAY ysty 8 00T  wu Or% 38 (8) ystgy "ON  sdeq
A10SUDg 98e1aay N-VWI Su 9oueqiosqy  IYy3ToM IeTI] JO ‘ON

*(D,2£-8Z) 2anjeisdweol wWOOI 3B PaIols
BUN] UTFMOTTSA JO SISTITJ UT VW] JO UOTIBUTWIAIDP SATIBITIUBNY -7 SIqE]



wioy xafey
2WwTls ‘priand

ATIYBTTS ANA] 005°0 ALAA 4
‘ysa1y 3308 8°II ¢'11 ALY 6968° 68 I S
TeJeTuommry 6.°9 0ZL°0 9798 €CI [4
£13p 88°9 86°9 01L°0 €158° 811 I 4
61°G c6%°0 08€L°0TT [4
TedeTuOoUmy ZLS GZ°9 86S°0 096L° 111 I I
€L°L 8BI'T G0T16°901 4
Tedetuoumy LA cc 9 €6°0 EYSY 66 1 0
uorienyeAay yst3y 8 001 mwu (O)[y 3Ie (8) ysta *ON sfeq
£1osuag a8e1aay N-VWI 8m  adueqiosqy Iy3ToM IBTI], JO "ON

*(Do21-8) uoTIERIS8TIyOI I89pUN DPIIOIS
BUN} UTJMOTI2A JO SISTTTJ UT VW[ JO UOTIBUTWISISP SATIBITIUEBN]) °€ OTqeL



016°1 S6Z°0 81L0°06 [A
L1 0ZS°1 soe°0 81.6°001 I ¢
89L°0 ¢s1°0 0966 °86 [A
28’0 LL8°0 8L1°0 00€9°101 I (Al
28e1038 JjoOo UOT3]
-BINp SITIUS I0]
SuwITs ou ‘Iopo £66°0 GZZ°0 CIBE ETT [A
ysty Lpesmeag 2L6°0 2s6°0 FAVTARY) 88€C° 901 I [4
9%8°0 86T1°0 T160T°LTT [A
G98°0 %88°0 (AN A YeLETTET I 0
uorjenyesy ysty 8 o1  wWu QY 1e (8) usta oN  sfeq
L108U9¢g 98evaoay N-VWI 8m adueqiosqy Iy8tom TeT1] 3O °*ON

*(D,0T- ©3 G-) 98e103S USZOIJ IapuUn
euny} UurjMoTi@£ JO SIABTTTII UT VWI JO UOTIIBUTWISISP SATIEITIUEBR) °H 3I[qE]



201
_.-® (28-32°C)
16 1 "
'—
)
!
121 ! _.®(8-12%C),
mg TMA-N " .-
100 g fish P =
8 4 T e )
L - _ ..
'~ t.
P -
4" . /’
) 4
L’ — (-8 —-l0°C)
I § e 2
0.5 i.0 1.5 2.0 2.5 (---)
I.¢ 2.0 3.0 4.0 50 (—--=9)
5.0 10.0 15.¢ 20.0 280 (—)

Storage time (da s)

Figure i. Concentration of TMA in fillets of yellowfin
tuna with respect to storage time and

temperature.
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set by other workers, e.g., fish containing 0.6-5
mg TMA-N/100 g fish is considered fresh by some while
4-6 mg TMA-N/100 g is considered by others to be the
range where initial spoilage occurs. What these dif-
ferences point to is that freshness standards might
differ for each species, possibly because of inherent
variations in spoilage patterns. This notwithstanding,
the standards set by Castell and Triggs appear to be
at least roughly applicable to the fillets of yellowfin
tuna used in this study, particularly if the sensory
observations are correlated with TMA-N concentration.
Thus, samples in which TMA-N concentration was found
to exceed 5 mg/l100 g fish invariably gave off highly
ammoniacal to putrid odors and showed other indications
of near spoilage. Conversely, those with TMA-N concen-
trations below 5 mg. emitted only normal fish odors.
It becomes quite obvious from this correlation that
all the fish samples used in obtaining the data given
in Table 3 have suffered a significant loss in fresh-
ness. The process of spoilage is somehow retarded
by refrigerating the fillets.

Spoilage of fish has been attributed to either
bacterial activity or autolysis which is the spontaneous
disintegration of cells or tissues by the action of
their own autogenous enzymes (Frazier, 1967). Spoilage
gives rise to numerous, mostly volatile chemical
products like amines, sulfides and many others which
altogether are thought to be responsible for the foul
smell of stale or rotting fish.

"It is thought that trimethylamine is a product
of the bacterial reduction of trimethylamine oxide
(TMAO), a compound known to be present in large amounts
in marine fishes (Rillo, 1973; Vaisey, 1956). Two
equally plausible mechanisms for the reduction have
been proposed, one being enzyme-mediated and the other
being a non-enzymic, catalytic process. This study
shows that bacterial activity, and consequently TMA
formation is most effectively inhibited by freezing.

Trimethylamine is a foul-smelling volatile compound
and thus is expected to contribute to the spoilage
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odors of fish. Its contribution is however dependent
on pH. On the acidic side of neutrality——pH 6.7 or
below, its odor is not perceptible. As pH increases,
however, the characteristic ammoniacal odor becomes
increasingly strong, a phenomenon which is chemically
explainable: at low pH, the amine is protonated and
thus tied down as a non-volatile non-smelling salt.
This condition obtains before or during the early stages
of spoilage where pH is low; an accumulation of TMA
in the fish muscles at this point contributes 1little
to the fish odor. However as pH approaches neutrality,
becoming increasingly badic as spoilage progesses,
the accumulated TMA is freed (deprotonated, on the
molecular level) and becomes an important contributor
to spoilage odors--an observation borne out, although
to a limited extent, by the results of this investi-
gation.
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