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ABSTRACT

Partially purified dimethylnitrosamine (DMN) from sixty batches of uncooked
fermented fish extracts from the northeast of Thailand was quantitatively investigated. Only
8.33 percent tested negative for this carcinogen, and levels of positive samples were in the
range of 42 to 1,228 ppb. Its mutagenic response was also assayed by S. typhimurium with
a microsomal system. A fairly good correlation was found between the presence of DMN
and its mutagenesis action in these extracts.

INTRODUCTION

It is now more than three decades since the toxic effect of dimethylnitrosamine
(DMN) in animal species was first demonstrated by Barnes and Magee,! followed by the
reports of hepatocarcinogenic activity of this particular compound in rat two years later.2-3
A large number of reports have since appeared on the occurrence of N-nitrosamines in
foods,*7 mostly cured meat products, smoked fish and Chinese salted fish.

Since fermented fish is used as a principal constituent of daily meals by over 85
percent of the Thai households in northeastern Thailand,® we felt that it was the most likely
source of dimethylnitrosamine ingestion for the local people. We thought, therefore,
that a study of commonly consumed Thai food products would be worthwhile. This
communication reports the determination of DMN in uncooked fermented fishes from four
different areas, and the assay of its mutagenic action by a method that has been employed
for a wide range of N-nitrosamines and shows high reliability in the prediction of carcinogeni-

city.9-11
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EXPERIMENTAL

Sixty samples of uncooked fermented fishes were purchased from local markets
in Khon-Kaen and three other nearby provinces, namely Maha-Sarakam, Kalasin and
Udorn-Thanee (fifteen samples from each area). One hundred grams of each batch was used
for methylene chloride extraction at an alkaline pH, and the extract was then passed through
an ion-exchange polyamide column.!2:13 Definite determination was performed by the
technique of thin-layer chromatography and spectrophotometry.!4 One gram of each sample
was separately extracted with two millilitres of dimethylsulfoxide (DMSO) for an assay of
mutagenic activity.”!> TA 98 and TA 100 were employed as bacterial tester strains throughout
the experiments.

RESULTS AND DISCUSSION

The presence of DMN in uncooked fermented fishes obtained from the local
markets of four northeastern provinces, viz : Khon-Kaen, Maha-Sarakam, Kalasin and
Udorn-Thanee, is shown in Table 1. Positive detection ranges from 42 to 1,228 ppb. Only
five samples out of sixty (8.33%) tested negative for this particular carcinogenic substance
by semiquantitative analysis using thin-layer chromatography. The levels of DMN in our
extracts were higher than those found by Fong and Chan, (10-300 ppb), but were remarkably
lower than the range of up to 40 ppm observed in nitrite-pretreated smoked fish by Ender
and Ceh.!'® However, the DMN level in the present study was apparently close to our recently
reported previous findings.!” A possible reason for this is that estimation of this particular
compound in ditferent types and sources of food, employing different sample and analytical
procedures, may lead to dissimilar results. The method of TLC-spectrophotometry employed
for detection of DMN contents in this report showed low validity, thus, confirmation of
results by GC-MS or HPLC should have been performed. Chemically, the participating
factors which have to be considered in the formation of nitrosamine (nitrosation) in foods
are the nitrosating agents and nitrosatable amines.!8:19 [t was reported that the most
important nitrosating agent involved in nitrosamine production in food systems is nitrous
anhydride which can be easily formed from nitrites in aqueous acidic solutions, Nitrites are
probably produced from the reduction of nitrates by bacterial reductase which occur in
the system. Another group of precursors for nitrosamine formation!8-20 are the secondary
and tertiary amines which are commonly found in preserved food products.

The preparation and processing of fermented fishes are traditionally carried out
under primative village conditions without any particular concern for modern standards
of hygiene. It is interesting to note that nitrites and nitrates were detected in various
locally-preserved protein foods, including fermented fishes, as well as in crude salt, rock
salt and in the water?! used in the preparation of fermented fishes. During the processing
of fermented fishes and their storage of several months, secondary and tertiary amines are
produced. Although the pH range of 4.9 to 6.1 in fermented fish preparations is not strongly
acidic enough to enable nitrosamine formation by straightforward chemical reaction, it has



263

J. Sci. Soc. Thailand, 15 (1989)

JuedIUsS JON = SN
INCIS T URo dqe1ddlep JON = aN
uotjtg 1d sueg = qdd sunesoUAYRWId = NINA
PIE9 F 0v"08 F OF9 F 06'€LF
9T« 6L 8b P« 6L 9bP« 6L 1Ths
9TI'l S6€ vEL LT91 439 8TTl EP'l 86€ 8¥0°1 el 8¥v 786
796 €9 859 ¥8T1 Sov £06 086 87T 889 S9T'1 Sig 798
TIL 061 s S16 L¥C 209 996 861 79 ST 08¢ £€9L
0L 861 1437 886 ove 06¢ £08 70T 9€¢ 9z8 86T 0cs
869 981 €1y €8 6L1 S6b 90L L61 708 SOL 8IC S9t
6vS 9Ll 6S€ 0£8 81¢ oy 689 061 98% 8.9 091 6T
8T¢ 0S1 9z¢ 0L9 991 86¢ v€9 881 1147 829 981 1t
6€S ovl 90¢ 8L9 0LI 98¢ €9 991 17y L09 621 88¢
96 SN 98 69¢ 24! L1€ 879 651 96¢ 9¢¢ 3 99¢
SN SN €L 8y 0S1 10€ 4% 6€1 ¢s¢ 97§ 6€1 9C¢
SN SN 9 LSS a 8¢ 9z§ ¢Sl (1143 SN $6 0zl
SN SN LS (1143 81 e 9LS ovl 867 SN SN 601
SN SN ré SN SN 98 8¢ SN 78 SN SN 86
- - aN SN SN 9¢ SN SN IS SN SN 99
- - dN - - aN - - aN - - aN
00l VL | 86 VL (qdd) 001 VL | 86 VL (qdd) 001 VL | 86 VL (qdd) 001 VL | 86 VL (qdd)
uum_n\ﬁ:mﬁukﬂ +m:\~ NINA oum_a\mucmﬁmﬁﬁ +m:|~ NIAd uuﬁa\ﬁcmﬁw\/thrm:u_ NINA uuma\mucmzm\/wh +m:|~ NINA
Jo 'ON Jo 'ON Jo 'ON Jo 'ON
Jduey J-uIopny uisejey weyeIeS-BYBIAl wIBY-uoyy : sdUlA0I]

dsuey [-UIOp() PUR UISE[EY ‘WeyRIRS-BURIA ‘USBY-UOYUY WOI} SIOBIIXS YSI) PIajuduLId)
pPaY00dUN UI (SUTRIIS 191831 wnunwiydA}'S 001 VL PUB 86 VL SUIsn 1s9) sawry pajipowr) K11arioe sruageinuw pue NING JO S[9a9T [ 414 VL



264 J. Sci. Soc. Thailand, 15 (1989)

been indicated that certain bacteria possibly activate nitrosation under these pH conditions.
Bacterial contamination supports the feasibility of formation of dimethylnitrosamine via
reduction of nitrate as mentioned above.

The DMN present in the positive samples was in vitro tested for mutagenesis action
by using two strains of Salmonella typhimurium (TA 98 and TA 100) as shown in Table 1. It
was significantly mutagenic to TA 100 which showed base-pair change mutation after
preincubation with a rat liver microsomal enzyme system. The number of revertant colonies
of TA 98 which showed frameshift mutation was far smaller than that of TA 100. Our results
support the previous reports of Yahagi et al.,® and of other workers. 151722 Moreover, the
findings in Table 1 reveal that there seems to be a fairly good correlation in general, between
the DMN levels and the mutagenic response of the extracts, eventhough the DMN levels
do not represent the amounts of DMN in induced revertants in plate, since it derives from
different procedures. In addition, it is possible that other mutagens are also present in these
extracts, for instance, diethylnitrosamine and N-nitroso pyrrollidine.

In conclusion, the consumption of preserved protein foods, including fermented
fishes which are rich in secondary or tertiary amines and nitrites or nitrates through the
action of certain bacteria under the slightly acidic pH, should be considered as a health
hazard due to nitrosamine production in these foods. Thus, contamination of nitrosamines
in foods is perhaps a contributory factor linked to the high incidence of primary liver
carcinoma in Thailand?3 and some other parts of the world.2426 Further investigations
of DMN in these fermented protein foods in relation to other factors, i.e. cooking effect,
duration of fermentation and storage, types of fish, are still needed in order to obtain more
concrete information on the association of human liver carcinogenesis with this particular
mutagenic compound.
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