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RAPID SPECTROPHOTOMETRIC METHOD FOR
TRIMETHYLAMINE OXIDE DETERMINATION

Shigeru Otsuka, Tetuhiko Tominaga, and Ikuyo Kato

During the course of studies on the fate of trimethylamine oxide (TMAO) in marine
products, a method for its determination was necessary which is rapid and simple without
sacrificing accuracy. It was found in our laboratory that TMAOQO also suffers a
Polovinski reaction(1), a specific intramolecular rearrangement of methyl-N-oxides in
hot acetic anhydride, to yield formaldehyde and N,N-dimethylacetamide stoichiometri-
cally. When the reaction mixture is subjected to MacFadyen’s chromotropic acid method
for formaldehyde determination(2) after the hydrolysis of acetic anhydride by adding
water. the reaction can be applied to the microdetermination of TMAO.

CHs\

CH3z\\
CHz3—N—O — 3 S\N—CH»-OCOCH —
CH: s CHs/ 3
TMAO (Intermediate)

8§Z>NCOCH3 + HCHO
N,N-dimethylacetamide Formaldehyde

The recommended procedure is as follows :

1. Add 5 ml acetic anhydride to 0.5 ml of the practically neutral aqueous extract
contained in a glass reaction tube, mix, and heat in a boiling water-bath for 1 hour
under an air condenser (a 0.5X40cm glass tubing is sufficient).

2. After cooloing, add 5 ml of water in the tube and mix vigorously.

3. Take 1 ml of the reaction mixture and add 3 ml. of the chromotropic acid reagent
(see "Experimental”) and mix. In heating in a boiling water bath for 1 hour, purple
color developes.

4. After cooling the mixture, read the density of color at 580myu.

5. The blank experiment is required in which TMAO is replaced with water.

Standard curve: The color developed adheres the Beer's law in the range of (.25 to
1.5 pmole/ml. TMAO. (Fig. 1).

The quantitative formation of formaldehyde is shown in Table I, in which are lis-
ted absorbances at 580my obtained when the present procedure was adopted to both the
TMAO and formaldeldehyde-sodium bisulfite solutions.

Stability of color and its identity: The color developed was found to be stable at
least for 1 day. The analysis of the absorption curve demonstrated that no interfering
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substances with the color developement and its stability are formed throughout the
procedure.

Comparison with Dyer method(3-5), which is known to be rather time-consuming
and requires technical skill, was made by pursuing the variation of TMAO content
during chill storage of shrimps with both procedures (Table [[). The present procedure
was found to have advantage in time and in labor.

Interferences : Equimolar biogenic amines tested were found not to interfere with the
colorimetry of TMAO (Table II).

Determination of TMAOQ in the presence of excess formaldehyde: TMAO content is
- successfully recovered from formaldehyde solutions by taking the difference of form-
aldehyde contents in the acetic anhydride-treated and untreated reaction mixtures
(Table V).

Experimental

Acetic anhydride is required to be free from most of its decomposition products which
may converted to formaldehyde during the acid treatment with chromotropic acid and
give a high blank value(6). Commercial acetic anhydride was boiled under reflux
with a few drops of sulfuric acid, and distilled repeatedly. A fraction distilled at 137°-
139° is collected.

TMAO, trimethylamine hydrochloride, dimethylamine hydrochloride, and chromotropic
acid were recrystallized from alcohol and water.

“Chromotropic acid reagent” was prepared according to MacFadyen(2). To 100 ml
of the 1% aqueous solution of chromotropic acid, gradually added 24N sulfuric acid.

Formaldehyde: Commercial "formalin” was used.

“Formaldehyae-sodium bisulfite” was synthesized from formalin and sodium bisulfite.
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4., ETI3%#E% 580my Tfad 3.

5. AMACES (WKEBRORDIKERNVB) £575.

REEIE TMAO BEICHG LT Beer EHIZ#RET 3 (Fig.1).
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Fig. 1

Standard curve for TMAO determination.
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Table | Comparison of Color Developement from TMAO and Formaldehyde Solutions.

Concentration TMAO (a) HCHO* (b) a/b
,umole/ml. ODsao ‘ ODsao

0.5 0. 183 0.180 1.08

1.0 0.365 0.370 0.98

1.3 0.550 0.652 1.00

* Formaldehyde-sodium bisulfite.

"Recommended procedure” for TMAO determination was adopted to TMAO and

formaldehyde-sodium bisulfite solutions.

Table T Comparison with Dyer’s Method : Table I Interferences.
Variation in TMAO Content during Chill Amines Absorbance o
Storage of Shrimp. added** ODss0 ’
Present Dyer’s None* 0.375 100
Storage for method method IMA 0.377 100.5
Da * * . 0. 366 97.6
0 y 7. 65mg/g 6. 59mg/g Methylamine 0.403 107.4
_ Ammonia 0.359 95.8
l 6. 87 6. 41 Ethylamine 0.375 100.0
9 3.06 2.97 Cadaverine 0. 339 95.7
- - Putrescine 0.373 99.5
3 2.94 2.89 Histamine 0.387 103.2
4 2.89 2.77 Tyramine 0.331 88.3
Tryptamine 0.081 21.6
8 2.46 2.22

* Milligrams per g tissue homogenate.
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DO, #E»SIZ FA BOEZBALNEDT, 2DEHMe, FA BEZEEO TMAO EREH
T& 23 (Table V).

Tablef Simultaneous Determination of TMAO and Formaldehde.

Color developed with

Solution heat treatment with (a-b)
Acetic anhydride (a) Water (b)
ODsso ODs3s0 ODsso
TMAO 0.440 0. 002 0.438
HCHO 0.625 0. 645 0.020
TMAO+HCHO 1.100 0.650% 0. 450%*

* Color due to formaldehyde.
**Color due to TMAO.

1)
by
%))
9
5)
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REFERENCES

Polovinski, M. and M. Polovinski: Bull. Soc. Chem., 41, 1190 (1927), 43, 364 (1928)
MacFadyen, D. A., J. Biol. Chem., 158, 107 (1954)

Dyer, W. J., J. Fish. Res. Bd. Canada, 6, 351 (1945)

Dyer, W. J., Dyer, F. E. and J. M. Snow: ibid, 8, 309 (1952)

Fujimaki, M. and R. Sasaki: J. Agr. Chem. Soc. Japan, 21, 420 (1953)

Morihara, K., Bull. Chem. Soc. Japan, 31, 1787 (1764)

— 394 —




