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Abstract

To develope a rapid analytical method of dimethylamine(DMA} and trimethylamine{TMA) in fish, the
contents of DMA and TMA in squid{IHex illecebrosus and Sepiell maindroni), cod{Gadus marcrocephalus)
and plaice(Paralichthys olivaceus) by gas chromatographic(GC) and colorimetric method were determined.
Recoveries for DMA in fish were 86.8~102.5% by GC and 74.2~-94.5% by colorimeiric method, while those
for TMA were 93.0~101.1% by GC and 62.9~117.5% by colorimetric method. The contents of DMA and
TMA in fish by GC were 29.7~325.3mg/kg and 145.6~ 356.0mg/kg, respectively, and those by colorimetric
methed were 20.0 ~251 2mg/kg and 139.1 ~304 3mg/kg, respectively. The analysis of DMA and TMA in fishes
by GC alter the solvent extraction was simpler and faster and showed better recovery than colorimetric method.
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INTRODUCTION

With developroent of culture and enrichiment of diet,
a number of compounds inducing cancer have heen fo-
und w varwous foods, N-Nitrosamines and their precur—
sors widely distribuied 1n food and environment(1-3) have
a strong carcincgentcily.

Dimethylamine(DMA) which is the precurser of N-
nitrosarnine hiosynthesis did not receive much attention
until it was found thal its content was increased wilh
progress of spoilage in fishes(4,5) and their productsts,
7), salt-fermented [ishes(8-11), soy sauce and sovbean
pastes(12), and Kimchi(13) and so forth. The data for DMA
in these [oods have been published up to date.

Trimethylamine oxide{ TMAQ) is abundant in manne
fishes. and functions as an important osmoregulatory
compound 1n fishes and shellfishes(14,15). The contents
of TMAO i fishes vary with season, habita:r and species
{14,15). Togunaka{13) reporied that the contents of TMAO
were greater mn dark muscle than in ordinary muscle of
red-fleshed fish, and greater in ordmary muscle than in
dark muscle of white-[leshed fish. As TMAQ is decreas—
ed, TMA and DMA are increased because TMAO 1s re-
duced to TMA by enzvmes secreted by hacteria and then
further transformed to DMA(16-18).

The methods for determination ol secondary and ter—
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vary ammines were divided broadly into colorimetric and
gas chromatographic(GC) metheds. A number of reports
on quantitative and guahtative methods [or secondary
and terliary amine determinations n lood have heen pu-
blished, but the analylical methods have heen mainly
based an the colorimetric method which requires improve—
ment because of its limited sensitivity, the use of harm-
ful reagents and complicated analytical procedures. Maore—
over. the colorimetric method was not able to separate
and determine DMA and TMA mndependently but ahle
to determine only total amines including valatile and non
volatile amines(18).

On the other hand, the determinalion of volatile amine
by GC has been obstructed by the loss of sample respen-
se, a ghosting phenomena, and hadly tailed peaks because
of the adsorptive effects between aliphatic amines and
chromalographic support or adsorbent. Also, the method
used after the formation of the derivatives exhibited good
attenuations on GC analysis of DMA and TMA and was
able to separate between other amines, but simpler pre—
treatment procedures for sample are required(20) These
difficulties could not have been remarkably improved until
a slrong basic material such as KOH or ammoema was
added to the carrer gas(19.20}). Despite these difficulties.
GC method has been generally applied for the determina-
tlon of DMA and TMA,
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The present paper describes an improved method ap-
plicable to the flesh of fish hy comparing GC with colori-
metric method.

MATERIALS AND METHODS

Preparation of materials

Saquid(Zilex illecebrosus and Sepiell maindroni) and
cod(Gadiis marcrocerhalus) were purchased from a local
market, and plaice(Paralichihys ofivaceus) from a fish
farm in Cheju city in Korea. The fishes were removed of
all viscera and bones, and then minced thoroughly. The
minced muscles were used as materials for analysis of
DMA and TMA.

Methods

Determination of DMA and TMA hy colorimetric
method
The exiraction and determination of DMA and TMA
for colorimetnic method was performed according to Cu-
dithiocarbamate improved by Kawabata el al.{21} and
according to moedified Dyer's method by Hashimoto and
Okaichi(Z2), respectively.

Determination of DMA and TMA hy GC

The determination of DMA and TMA by GC was per—
formed according to the revised method of Baba et al.(19),
Five grams of the minced muscle of [ish was put inlo
100ml beaker and 50ml isopropyl alcohol was added 1o
the beaker, homogenized for (dmin, stood for 30min at
room temperature, and the homoegemzed mixture was fil~
tered through filter paper{Toya, MNo. 2A}. The filtered mix~
ture was decanted into 100m] volumelne flask and made
up to the volume with isopropy] alcohel. This sclution
was used as a sample for the delermination of DMA and
TMA by GC. In addition, a recovery lest was performed

Table 1. Condition for GC analysis of DMA and TMA

GC Type PYE UNICAM series 304
chromatograph(UJK)

Column & 3mmx 2m glass column

Packing material  Chromosorh 103(80~80mesh)

Column temp. 130°C

Injection temp. 180°C

Detector temp. 250°C{FID)

TFlow rate Nitrogen : 40ml/mmn

Hydrogen : 40ml/min
Air T 200ml/min

by adding 5 and 10ppm of the standard selutions of DMA
and TMA respectively, The analytical conditions by GC
are shown 1 Table 1

Coefficient of variziien(CV) caleulated fellow as :

CV(%)= % %100

where S is standard deviation of these data and X
is the mean ol these data

RESULTS AND DISCUSSION

Recovery of DMA and TMA

The results of recovery tests for DMA and TMA in
fish by GC and colornmetric method were shown in Table
2. Because the fleshy substances in fish were different
in species, the recoveries for each {ish were determined.
GC chromatograms for DMA and TMA were shown in
Fig. 1.

The recoveries of DMA and TMA by GC methed
showed 90% or more in all fish except codfish(86.8%)
and the differences among fish species were very small.

Table 2. Recoveries of DMA and TMA in fishes by
colorimetric and GC methods”

Recovery (%)

Standard
Sample solution  Colorimetry GC
(g/ml  pya TMA  DMA TMA
. . 5 A 945 1006
Squid(Pacific) 4, yy72 g5 ay3 1002
L . 5 EE— 013 953
Sauld(Cheiw) 0 oo g0 105 gge
Cod 5 - = 922 1011
o 10 826 042 %63 960
Plasce 5 E— 990 985

10 629 #1.0 943 930

'“Mean of triplicate experiments
Not analyzed

2
J A C
3 57 T3S 7 I
Timetmun} Time(min} Time(mm)

Fig. 1. Chromatlograms of dimethylamine and trimethyl—-
amine by GC.
A Standard solution(10ug/ml), B. Sample, C. Sample
1 Standard solution.
1. Dimethylamine, 2. Trimethylarmune, 3. Solvent.
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While the recoveries of DMA by colorimetric method
showed 62,.9~117.5% and the differences by fish species
were bigger. On the other hand, the recoveries for TMA
by GC method showed 92% or more in all fish tested,
while those hy colorimetric method showed 78.9~094.25%4.
Moreover, DMA and TMA were measurable concurrently
by GC method.

Based on these results, GC method was able to extract
and determine DMA and TMA simultaneously from fish
sample with only isopropyl alcohol. It showed good re—
coveries, and was much more effeclive than colorimetric
method. By contrast, the colorimetric method required
time consuming, was not able to determine DMA and
TMA simultanecusly, and showed poor recoveres. How-
ever, in order to resolve the problem for stabilization of
GC haseline, the development ol substitute sclvents [or
isopropvl alcohol or the substtute supports for Chro-
mosarh 103 was required for GC analysis.

The contents of DMA and TMA in fishes

The contents of DMA and TMA in fishes by GC and
colorimelric method are shown in Table 3.

The differences between the contents af DMA mea-
sured by the two methods were not much different, but
the content of DMA in Pacific squid was 1.3 times higher
in GC(325.3mg/ke) than m colorimetric method(251.2mg/
kg). The differences in the contents of DMA among fish
specles were enormous, and the contents of DMA by GC
and colorimetric method were 2.7 times and 2.3 times
higher in Pacific squid than in Cheju squid, respectively.
These differences in both squids were atiributed to the
difference of storage periods by pelagic fishery. More-
over, the contents of DMA in codfish and plaice by both
analytical methods were very low as compared to both
squids.

Lin(23) reported that the contents of DMA in squid
from Argentina, Japan, New Zealand and Taiwan were

Table 3. The conlenis of DMA and TMA in fishes by
colorimetric and GC methods” {mg/kg)

Analytical method
Colorimetry GC
DMA  TMA DMA  TMA
Squid(Pacific) 812 3043 3253 356.0

Sample

Squid{Cheu) 110.0 1435 1194 1681
Cod 34.7 1391 36.4 1458
Plaice 200 2174 297 2539

"Mean of triphcate expenmenls

1882, 2043. 1225 and 956mg/kg, respectively. Kawamura
et al.(24, 25) reported that those in cod and plaice were
8.1 and 0.lmg/ke, and the contents of DMA in egg and
milk aroducts were 0.05~34.60mg/kg. Neurath &l al.(26)
reported that the contents of DMA in vegetahles were
14~14mg/kg. Kawamura et al, (24) reported that the sec-
ondary amine was increased in fresh fish and broiled or
salted shellfish and these contents were 6.8mg/kg in sal-
ted squid and 12.1mg/kg in salted salmon.

The differences between the contents of TMA mea-
sured by the two methods were not much different, but
the content of TMA in Pacific squid was approgimately
1.4 times higher 1n GC than in colorimetric method. Be-
cause TMAQ was rapidly reduced to TMA by such various
factors such as enzymes, pl and storage condilions(18)
and the storage periods by pelagic fishery, it was possible
that the different TMA contents in hoth squids were ob—
served, Moreover, fresh fishes containe such low and lugh
molecular weight compounds as Fe?, cysieine, taurine,
hemogiobin and myoglohin and these compounds catalyze
the production of TMA, DMA and formaldehyde from
TMAQ(18,27). While the contenls of TMA in cod and nl-
aice were 145.6 and 253.9mg/kg by GC method and 139.1
and 217.4mg/kg by colorimetric method, respectively. No
significant differences between the contents of TMA by
two analytical methods or among fish species were found.

Meanwhile, Tokunaka{18) reported thal the contents
of TMA were 2.66mg% in mackerel, 0.64mg% in pacific
saury and 0.8mg% in alaska pellack. Takahashi(28) re-
ported that the content of TMA. 1n [resh squd meat was
9.1mg%, but its content was increased to 30.0mg% after
sun—drying. Sung et al {7} reported that the content of TMA
of yellow corvenia was increased after salting and sun-

drying.

Coeflicient of variation for colorimetric and GC
methods

To estimate the confidence for the results analyzed
by GC and colorimetric methods, the calculated coefficients
of variation(CV) for DMA and TMA are shown in Table
4. The calculated CV of DMA by GC and celorimetric me-
thod were 3.01 ~ 6.75% and 1.02 ~4.822%, respectively, while
those of TMA were 3.11~6.9824 and 1.52~3.87%, respec-
tively. The calculated CV for DMA and TMA were some—
what smaller in GC than in colorimetric method in all
fishes tested. From this, it was confirmed that the analy -
ses of DMA and TMA in ishes showed better precision
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Table 4. The coefficients of variation{%)" for different

lishes
DMA TMA
Sample -

Colorimetry GC  Colonmetry GG
Squid(Pacilic) 6.75 4.84 456 3.87
Squid{Cheju) 3.01 1.02 5.78 152
Cod 4.09 3.04 6.97 194
Plaice 480 .27 311 215
Detection limit 10 05 10,0 0.2

tug/ml)

YCoefficent vanation(%) = CV{%)= % % 100

where S is standard deviation of these data and X is the
mean of these data

by GC than by colorimetric method.

The limits of detection for DMA and TMA by GC
method were 0.5mg/kg, and those by colorimetric method
were 1.0mg/kg for DMA and 10.0mg/kg for TMA. From
these results, it was concluded that the GC method was
able to be applied to the micreanalysis and was better
than colorimetric method.

Comparison of GC and colorimetric method

Based on the analyzed results of DMA and TMA by
GC and colorimetric methods in fishes, the colorimetric
method has several disadvantages of its complicated and
time-consuming extraction procedures, low recovery rale
and poar reproducibility, and the use of harmlul reagents
and organic solvents for determination of DMA and TMA,
while GC method has advantages for the good recovery
rate, the simple extraction procedures, and the simulta—
neous determination of DMA and TMA.

The determination of DMA and TMA by the GC meth-
od may be widely applied to other food products as well
as to fishes.
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