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DECREASE OF TRIMETHYLAMINE OXIDE CONTENT DURING CHILL
STORAGE OF MARINE PRODUCTS AND A NOVEL METHOD FOR
ESTIMATING FRESHNESS.

Shigeru Otsuka, Tetuhiko Tominaga, Fumiko Okada, and Ikuyo Kato

The novel method for the determination of trimethylamine oxide (TMAOQO) was applied
on the studies of the post-mortem change of TMAO content during chill storage of
marine organisms.

The Polovinski reaction, a specific intramolecular rearrangement of methyl-N-oxides
with acetic anhydride, can be utilized for the specific and direct determination of
TMAO. When the resulting N-methylol compound (or its acetate) is hydrolyzed and
formaldehyde liberated is determined colorimetrically after its condensation with chro-
motropic acid, this method is applicable for the micro-determination of TMAO content
of water extract from natural substances. Overall procedure is as follows:

1. Add 2.5 ml. acetic anhydride to 0.25ml of the practically neutral sample (extract)
contained in a glass reaction tube, mix, and heat in a boiling water-bath for 1 hour
under a air condenser.

2. After cooling, add 2.5 ml. of water into the tube and mix thoroughly to hydrolyze
remaining acetic anhyride.

3. Add 3 volumes of chromotropic acid reagent (0.2 per cent chromotropic acid in
approximately 20 N sulfuric acid). Heat in a boiling water-bath for 1 hour.

4. After cooling. read the density of the color developed in a colorimeter at 580 my.

The relationship between the color density and the concentrations of TMAO was
found to satisfy the Lambert-Beer's law (Fig. 1).

TMAO contents of the muscles of some live marine organisms are shown in Table] ,
which decrease during chill storage (Fig. 2-14). Variations in amounts of the toluene
extractable amines and of total organic bases are shown together with that of pH.

It is concluded from these results that:

1. The disappearance of TMAOQO during storage is common among all the marine
organisms tested.

2. The typical pattern of the TMAO content during storage is consisted of two dec-
reasing phases and a “plateau” between these where practically no change in TMAO
takes place.

3. At the beginning of the second decreasing phase, signs of the spoilage of the
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samples (appearance, smell, etc.) are remarkable.

4, Organic bases starts to increase shortly earlier than the beginning of the second
decreasing phase, and continues to increase during spoilage of the sample.

It is believed that the posi-mortem disappearance of TMAO is due to its reduction
to the corresponding amine, trimethylamine (TMA), caused by the action of bacteria.
It is safe, therefore, to say that the second decreasing phase of TMAO content is, at
the same time, the beginning stage of the spoilage. From these considerations, some
possibilities of the freshness estimation of marine products are discussed (Fig. 15).

The freshness of marine products may be estimated by:

1. The TMAQO content in muscles.

Initial contents of TMAO in fish organs varies due to the season, spot and depth of
waters where the fish is caught. However, possibilities for estimating freshness are
still available when statistics are made from examinations and experiences accumula-
ted. If a fish is found to contain no or a very small amount of TMAQ, it is judged as
spoiléd.

2. The comparison of the contents of TMAO and TMA.

The extent of the spoilage is conveniently estimated by comparing the amount of
TMA and its oxide. When the fish is sufficiently fresh, the content of TMAO stays
in a high level, whereas, that of TMA is nil or ﬁery low.

If (TMAO) >[TMA), the fish is sufficiently fresh, and, if (TMAO] = (TMA), the
fish is spoiled and not edible. ( (TMAO] and (TMA] are the molar concentrations of
TMAOQO and TMA, respectively).

3. The speed of the disappearance of TMAQ.

As shown in Fig. 15, if the decrease of TMAO content is at the stage of the “platean”,
in which the fish is fresh and could be used, the rate of decrease of the TMAO con-
tent per hour (or per day) is very small during the chill storage, whereas, if the fish
is spoiling and the decrease of TMAO is at the second phase of decrease, where the
spoilage is taking place, the rate is remarkable.

The ratios of the decreasing rates were usually found to be more than 1:10. Thus,
a possible way of estimating the freshness of fish with this respect is:

If the value, — [TMAO])/3 hr, is less than 1, the fish is practically fresh, and if more
than 5, the fish is on its way of spoilage (Table I[).
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Table 1. TMAO Contents in Live Marine Organisms.
Organisms TMAO

Vertebrates mg/g

Flatfish (Pleuronicthys cornutus) 2.13

Wrasse (Halichoeres poecilopterus) 6.30

Sea bream {Chrysophyrys major) 4,29

Bass (Lateolabrax japonicus) 5.28
Shell-fishes

Abalone (Haliotis gigantea) 2.49

Baby clam (Tapes japonica) 1.90
Crustacea

Shrimp (Trachypenaeus curvirostris) 7.65

Prawn (Penaeus japonicus BATE) 11.52
Cephalopods

Squid (Loligo japonica) 12.52

Octopus (Octopus ocellatus) 3.80
Echinoderm

Sea cucumber (Stichopus japonicus) 0.37
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Fig. ¢ Variation in trimethylamine oxide
content during chill storage of bass
(Lateolabrax japonicus)
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Fig. 3 Variation in trimethylamine oxide
content during chill storage of wrasse
(Halichoeres poecilopterus)
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Fig. 4 Variation in trimethylamine oxide
content during chill storage of sea
bream (Chrysophyrys major)
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Fig. 5 Variation in trimethylamine oxide
content during chill storage of flatfish
(Pleuronicthys cornutus)

10.0

0O I 2 3 4 5 6 7 © 9 {0 W 12 131K
TIME 2oy
Fig. 7 Variation in trimethylamine oxide
content during chill storage of Squid
(Loligo japonica)
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Fig. 8 Variation in trimethylamine oxide
content during chill storage of octopus
{Octopus japonicus)
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Fig. 10 Variation in trimethylamine oxide
content during chill storage of shrimp
(Trachypenaeus curvirostris)
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Fig. 9 Variation in trimethylamine oxide
content during chill storage of abalone
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Fig. 11 Variation in trimethylamine oxide
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Fig. 12 Variation in trimethylamine oxide
content during chill storage of baby
clam (Tapes japonica)
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Fig. 13 Variation in trimethylamine oxide
content during chill storage of stri-
pped baby clam(Tapes japonica)
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Table II. Rate of Decrease of TMAO Contents during Storage of Fresh and Spoiling
Marine Products.

Rate of decrease of TMAO content per Ratio of rate
Fresh phase (plateau) Spoiling phase (slope) of decrease
Per day Per every 3 hrs. Per day Per every 3 hrs. (b/2)
mg¥* mg¥ mg¥* mg*
Bass 6. 50 0.38 112.5 14.06 17.3
Flatfish 1. 30 0.16 38.3 4.67 29.5
Sea bream 2.90 0.36 41.0 5. 11 14.2
Abalone 1.20 0.15 45.8 5.73 38.2
QOctopus 4.30 0.54 50.0 6. 25 11.3

* Milligrams per 100 g wet sample.
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