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Augmenting Effect of a Nonmutagenic Fraction in Soy Sauce on Mutagenicity of
3-Diazotyramine Produced in the Nitrite-treated Sauce

Minoru HicasHiMoro,*" *? Kagenori Matano*? and Yoshinari Onnisar* " *3

*! Department of Bacteriology, School of Medicine, The University of Tokushima, Kuramoto-cho, Tokushima
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University, Yamashiro-cho, Tokushima 770

When 25 kinds of Japanese soy sauce at a concentration of 5% were incubated with 50mM
sodium nitrite (pH 2) at 37° for 1 hr, the reaction mixtures induced 34-834 (average 368 +228)
revertants per microliter of soy sauce equivalent in Salmonella typhimurium strain TA100 in the
absence of 89 mix. The mutagen(s) formed was very unstable under natural daylight and a
fluorescent lamp but quite stable under 2 yellow lamp as well as in the dark. In addition to the
known precursors, i.e., tyramine and 1-methyl-1,2,3,4-tetrahydro-S-carboline-3-carboxylic acid,
1-methyl-1,2,3,4-tetrahydro-3-carboline, which caused weak mutagenesis, was found in the soy
sauce. However, the sum of the activities of the three mutagen-precursors after nitrite treatment
accounted for only a part of the mutagenicity of nitrite-treated soy sauce, There was in the soy
sauce a factor which increased ninefold the mutagenicity of nitrite-treated tyramine, 3-
diazotyramine. Therefore, tyramine was considered the principal precursor of the mutagen
produced in the nitrite-treated soy sauce. These three precursors together with the mutagenicity
augmentation accounted for all the mutagenicity of nitrite-treated sauce. The mutagenicity-
augmenting factor in the soy sauce was nonmutagenic before and after nitrite treatment and was
stable to heat and light irradiation.
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Hartman’s epidemiological study” showed
that there is a significant positive correlation
between nitrate intake and gastric cancer
mortality in 12 countries. In Japan, which had
the highest gastric cancer mortality among
those countries, about 4.8 mmol of nitrate per
day per capita” was ingested; this was the
highest level in the world. Nitrate itself is
chemically stable and has no abnormal action
in humans at a low concentration. However,
when it is reduced to nitrite in the mouth or
intestinal tract of man the nitrite easily reacts
with amines and amides in foods and drugs
under physiological conditions and produces
carcinogenic N-nitroso compounds.’™ Of
these compounds, various kinds of N

* To whom correspondence should be addressed.
** Abbreviations: MTCCA, 1-methyl-1,2,3,4-tetra-
hydro-8-carboline- 3 -carboxylic acid; MTC, 1-
methyl-1,2,3,4-tetrahydro-3-carboline; CSS, char-
coal-treated soy sauce; MAF, mutagenicity-
augmenting factor; HPLC, high-performance
liquid chromatography.
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nitrosamides and A-nitrosamines might in-
duce gastric cancer.””

On the other hand, Wakabayashi et al,'®
reported that soy sauce has the highest
mutagenicity among Japanese foodstuffs after
nitrite treatment and that 1-methyl-1,2,3.4-
tetrahydro - 8 - carboline - 3 - caboxylic  acid
(MTCCA)** is a precursor of the mutagen
produced in nitrite-treated soy sauce. Subse-
quently it was found that tyramine in soy
sauce becomes a potent mutagen after nitrite
treatment.'” It was reporied that 3-diazo-
tyramine, a mutagen produced by nitrite
treatment of tyramine, induces squamous cell
carcinomas of the oral cavity of rats.'>'
Wakabayashi et al'” found that the muta-
genicity of MTCCA and tyramine accounts
for most of the mutagenicity of soy sauce
after nitrite treatment and they suggested
that those direct-acting mutagens might be
the causes of human gastric cancer. Later,
Tahira ef al'™ suggested that some unknown
precursor(s) may be present in soy sauce

Jpn. J. Cancer Res. (Gann)



MUTAGENICITY-AUGMENTING FACTOR IN S0OY SAUCE

because MTCCA and tyramine could not
account for the mutagenicity of soy sauce
treated with a low concentration of nitrite.

The present paper reports that soy sauce
contains tyramine, MTCCA, 1-methyl-1,2,3,4-
tetrahydro-S-carboline (MTC)'® and a factor
that augments the mutagenicity of 3-diazo-
tyramine (the product of tyramine treated
with nitrite), and that these four components
account for the mutagenicity of the nitrite-
treated soy sauce.

MATERIALS AND METHODS

Soy Sauce and Chemicals Twenty-three brands of
soy sauce commercially produced in three regions
in Japan (Kanto, Kansai and Tokushima) and two
kinds of homemade soy sauce in Tokushima were
purchased. Tyramine and MTCCA were obtained
from Sigma Chemical Co., St Louis, MO. MTC
was synthesized from tryptamine and paral-
dehyde™'™® as previously reported.” 3-Diazo-
tyramine, 4-(2-aminoethyl}-6-diazo-2,4-cyclohexa-
dienone, was given to us by Drs. M. Nagao and K.
Wakabayashi, National Cancer Center Research
Institute, Tokyo.

High-performance Liguid Chromatography High-
performance lquid chromatography (HPLC) was
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performed with a Shimadzu LC-6A equipped with
a UV monitor set usually at 270 nm. The column
oven was maintained at 50°. All separations were
conducted with columns A (4X250 mm) or B
(8x250 mm) packed with Nucleosil 100-;C;
(Macherey-Nagel, D-5160 Duren, West Germany)
using one of the following systems: system 1, 10
mM sodium phosphate buffer containing 100mM
NaClO; (pH 2.6) at 1 ml/min through column A;
system 2, 209% methanol at 1 ml/min through
column A; system 3, stepwise gradient at 12 min
after injection from 10mM sodium phosphate
buffer containing 100m M NaClO, to methanol con-
taining 100mM NaClO, at 3 ml/min through
column B; system 4, 10mM sodium phosphate
buffer containing 100mM NaClO, (pH 2.6) at 2
ml/min through column B.

Nitrite Treatment Soy sauce was used after filtra-
tion through a sterilized membrane filter (pore size,
0.45 pum). The chemicals were dissolved in
sterilized water, Samples of 1 ml of tenfold diluted
soy sauce were mixed with 1 ml of 0.1M sodium
nitrite and adjusted to pH 2.0 with 6§ HCI. The
mixtures were incubated in the dark at 37° for 60
min. Nitrosation was stopped by addition of 1 ml
of 0.1M ammonium sulfamate.'® Glass-stoppered
brown test tubes were used for all nitrite treat-
ments.
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Fig. 1. a. Mutagenicity of nitrite-treated soy sauce after irradiation for 0-3 hr with several light
sources. Samples were placed in the dark (@), at 2 m under a 40-W yellow lamp (O), at 0.5 m
under a 20-W fluorescent lamp ( 2 ) and in daylight { 4 ) and the mutation assays were performed
at 2 m under a 40-W yellow lamp. b. Mutagenicity of soy sauce treated with nitrite in the pH

range of 1.01-5.12.
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Mutation Test Mutation of Salmonella typhi-
murium strain TA100 was assayed in duplicate by
the procedure of Maron and Ames®® with the
modification of preincubation (at 37° for 20
min)*” in the absence of 89 mix. Mutagens in soy
sauce treated with nitrite were found to be stable
under a yellow lamp (FL 408.Y-F, Matsushita
Electric Industrial Co., Ltd., Osaka) as well as in
the dark, although their mutagenicity decreased
rapidly within a few hours in the daylight and
under a fluorescent lamp, as shown in Fig. la.
Therefore all operations involving the reaction
mixture were performed under a yellow lamp as the
only illumination, Brown test tubes were used for
the mutation assays except for the examination for
photosensitivity. The number of spontaneous
revertants from strain TA100 in the absence of §9
mix was between 107 and 152 (average 130 13)
per plate and this number was subtracted in all the
data on mutagenicity. As a positive control 2-(2-
furyl}-3- (5 -nitro- 2-furyl) -acrylamide (AF-2, 10
ng) was used and induced 429+ 82 His™ revertants
per plate from strain TA100 in the absence of 89
mix.

Determination of Tyramine, MTCCA and MTC in
Soy Sauce Each soy sauce sample was diluted
tenfold with methanol, centrifuged for 5 min at
3,000 rpm and passed through a membrane filter
(pore size, 0.45 #m). The filtrate was analyzed by
HPLC using system 1 for tyramine and system 2
for MTCCA, which may contain (—)-(18, 35)-
MTCCA and (—)-(1R, 35)-MTCCA. The MTC
content was determined by gas chromatography.'”
Fractionation of Mutagen Precursors in Soy Sauce
Soy sauce passed through a membrane filter (pore
size, 0.45 pm)} was subjected to HPLC and
fractionated (system 3). Each fraction was treated
with nitrite and assayed for mutagenicity. The
compounds in the fraction showing mutagen-
precursor activity were further analyzed.
Charcoal Treatment of Soy Sauce Ten grams of
activated charcoal was added to 100 ml of soy
sauce, and the sample was shaken slowly for 3 hr
and centrifuged at 3,000 rpm for 30 min. Three
grams of activated charcoal was added to the su-
pernatant, which was then shaken and centrifuged
as noted above. The supernatant was passed
through a membrane filter (pore size, 0.45 um),
The filtrate, so-called charcoal-treated soy sauce
(CS8), contained neither tyramine, MTCCA, nor
MTC, but contained 1.2 times more NaCl than the
original soy sauce.

Identification of the Augmentable Mutagen Pro-
duced in Nitrite-treated Soy Sauce The nitrite-
treated soy sauce (20 ul of original sauce equiva-
lent), nitrite-treated tyramine (20 ug of tyramine
equivalent) and 3-diazotyramine were subjected to
HPLC and eluted at a flow rate of 2 ml per min
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(system 4). Each eluate was fractionated and 0.1
ml of each fraction (2 ml) was assayed for muta-
genicity with or without 1 g of CSS per plate. The
peak fractions showing mutagenicity were ana-
lyzed with a UV-VIS spectrophotometer and their
spectra were compared,

REsuLTs

Mutagenicity of Nitrite-treated Soy Sauce
Preliminary studies on the nitrite treatment of
soy sauce indicated that the optimum pH of
the reaction was in the range of 1.2-2.4 as
shown in Fig. 1b, and that the mutagenicity of
the reaction mixture was highest at a soy
sauce concentration of 5%, which was in
agreement with the findings of Tahira et gl.'
The nitrite treatment was therefore carried
out at pH 2 and soy sauce was treated at a
concentration of 5%.

The 25 kinds of soy sauce were treated with
S0mM NaNQ, (pH 2) at 37° for 60 min. As
shown in Fig. 2 the reaction mixtures induced
34-834 (mean*SD, 3681228) His™ rever-
tants per 1 of original soy sauce from strain
TAI100 in the absence of S9 mix. The soy
sauce showing the weakest mutagenicity was
homemade, while the mutagenicity of the other
homemade sample was very high (554 His*
revertants per il).

A kind of soy sauce (3.3 1) treated with 1,
2.5 or 5mM NaNOQ, (pH 2} at 37° for 60 min

Revertants/pl of soy sauce equivalent

Tyramine (ug/ul of soy sauce)

Fig. 2. Correlation of the tyramine content of
25 kinds of soy sauce and the mutagenicity of
the nitrite-treated sauce. Y =513X+ 86.9, r=0.960,
n=23.
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induced 98, 274 or 495 His' revertants per
plate, respectively. These mutagenicities were
roughly proportional to that induced with 50
mM NaNOQ,.

Amounts of Tyramine, MTCCA and MTC in
Soy Sauce and Their Contribution to the
Mutagenicity of Nitrite-treated Soy Sauce
All the kinds of soy sauce contained tyramine,
MTCCA and MTC at concentrations of 10-
1,443 (mean £ SD, 548 £427), 37-774 (487 &
186) and 0-252 (61.271.2) ng per 4], re-
spectively. The amount of tyramine, MTCCA
or MTC and the mutagenicity of soy sauce
treated with nitrite were statistically examined
for correlation. Tyramine content showed a
good correlation (r=0.960, P<0.01) with the
mutagenicity of the nitrite-treated soy sauce,
as shown in Fig. 2, and the MTC content
also had a significant positive correlation
{(r=0.767, P<0.01). However, the MTCCA
content showed no correlation with the
mutagenicity of the nitrite-treated soy sauce
(r=—0.150).

Authentic tyramine, MTCCA and MTC
treated with nitrite induced 101, 17.6 and 6.9
His" revertants per pg, respectively, from
strain TA100 without S9 mix. The contribu-
tions of tyramine, MTCCA and MTC in each
soy sauce sample to the mutagenicity of
nitrite-treated soy sauce were in the ranges of
1.2-20.4 (mean=XSD, 12.9%438), 0.1-24.4
(5.316.8) and 0-0.29% (0.10X£0.07), re-
spectively, and the sum of the three was 10.8—
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Fig. 3. Mutagenicity of nitrite-treated tyramine

(5ug, O), MTCCA (30 ug, ~) and MTC (73 ug,
A} after irradiation for 0-3 hr with a 20-W fiuo-
rescent lamp from a distance of 0.5 m,
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31.7% (18.415.0). When the nitrite-treated
tyramine, MTCCA and MTC were allowed to
stand under a fluorescent lamp, the muta-
genicity of nitrite-treated tyramine decreased
markedly, as shown in Fig. 3, similarly to that
of the nitrite-treated soy sauce in Fig. la,
whereas that of the nitrite-treated MTCCA
and MTC decreased only a little. Therefore
the tyramine seemed to have a closer relation-
ship to the mutagenicity of nitrite-treated soy
sauce than the other two precursors, although
the contribution of the nitrite-treated tyra-
mine to the mutagenicity was not enough to
account for all the mutagenicity.

Fractionation of Mutagen-precursors in Soy
Sauce A small amount of soy sauce was
fractionated by HPLC using system 3. The
eluate with retention time of 3 to 20 min was
divided into six portions, A-F, as shown in
Fig. 4a. Each fraction was evaporated to
reduce the volume, treated with nitrite and
assayed for mutagenic activity. The muta-
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Fig. 4. HPLC profile of soy sauce and mutage-
nicity of nitrite-treated eluates. System 3 was used
for HPLC analysis (a). Eluates from 3 to 20 min
were divided into six fractions and each fraction
was evaporated. Single (b) or mixed (¢) samples
were treated with nitrite and their mutagenicity
was assayed with strain TA 100 without $9 mix.
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Table I.

Mutagenicity of Nitrite-treated Samples of Soy Sauce, Charcoal-treated Soy Sauce and

Charcoal-treated Soy Sauce Containing Tyramine

Revertants/plate/izl of soy sauce equivalent?

Charcoal-treated soy

S:f;ze Soy sauce+ NaNOQ, Sg’h:ﬁzzljﬁzi\?& sauce+ tyf;l;lll\? O( 1.27 ug)®
3
A 1060 16 1210
B 864 0 1130
¢ 616 17 1100
D 433 15 1250
E 377 0 948
F 275 2 1070
G 75 0 1320
H 60 0 1450
I 49 6 1120
I 28 0 496
Mean*+SD 384+364 5.6£74 1110+257

a) Mutagenicity was assayed with strain TA100 without S9 mix.

b} Soy sauce A contained 1.27 g of tyramine per ul.

Table IL.  Effect of Charcoal-treated Soy Sauce on the Mutagenicity of Nitrite-treated Tyramine
Revertants,/
Treatment plate/ut of %
SOy sauce
equivalent?
Soy sauce + NaNQ, 827 100
Tyramine (1.27 gg)? +NaNOQ, 85 10
Charcoal-treated soy sauce + NaNO, 25 3
Tyramine + Charcoal-treated soy sauce +NaNO, 1060 128
(Tyramine+NaNQ,) + (Charcoal-treated soy sauce+ NaNQ;) 1060 128
Tyramine + (Charcoal-treated soy sauce+NaNO,) 8 1
(Tyramine + NaNQ,) + Charcoal-treated soy sauce 994 120

a) Mutagenicity was assayed with strain TA 100 without $9 mix.
b) Soy sauce used in this experiment was soy sauce A in Table I and it contained 1.27 ug of tyramine per pl.

genicity of nitrite-treated fraction D was
16.7% of the mutagenicity of nitrite-treated
soy sauce, and those of fractions E and F were
3.6 and 4.8%, respectively (Fig. 4b). There
was no mutagenicity in fractions A, B and C
after nitrite treatment. Therefore, the total
recovery of mutagenicity was 25.1%. In con-
trast, when these six fractions were mixed and
treated with nitrite, the mutagenicity of the
mixture was 61.5% of that of the nitrite-
treated soy sauce, suggesting that the soy
sauce contained some mutagenicity-augment-
ing factor(s) (MAF). To find the fraction

1288

containing the MAF, pairs of fractions were
mixed, treated with nitrite and assayed for
mutagenicity. It was then found that the
nitrite-treated mixture of fractions A and D
had 96.2% of the mutagenicity of nitrite-
treated soy sauce (Fig. 4c). Authentic tyra-
mine was eluted in fraction D and authentic
MTCCA and MTC in fraction F. These
results suggested that the mutagenicity of
nitrite-treated tyramine or other nitrite-
treated components in fraction D was aug-
mented by components or nonmutagenic
nitrite-treated components in fraction A.

Jpn. J. Cancer Res. (Gann)
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Fig. 5. Mutagenicity of nitrite-treated tyramine (a), MTCCA (b) and MTC (c) with (®)
and without () charcoal-treated soy sauce A (1 ul/plate).
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Fig. 6. HPLC profiles of nitrite-treated soy sauce (a—d) and nitrite-treated tyramine (e-h) before (a
and e) and after (d and h) light irradiation and mutagenicity of eluates (shown in panels a and ¢) in
the absence (b and ) and presence {c and g) of charcoal-treated soy sauce A (1 ¢l per plate). System
4 was used for HPLC analysis. Eluates from 0 to 30 min were fractionated every minute and their
mutagenicity was assayed with strain TA100 without $9 mix. Nitrite-treated tyramine (inducing 133
His* revertants per plate from strain TA100) was subjected to HPLC (e and f) and the peak at 13.7
min showed 149 His™ revertants per plate (recovery 1089). Samples (d and h) were irradiated with
a 20-W fluorescent lamp from a distance of 20 cm for one hour. Peak 1, 3-diazotyramine; peak 2,
tyramine; peak 3, unknown product induced by light irradiation.

Mutagenicity-augmenting Action of Ten
Kinds of Soy Sauce Ten kinds of soy sauce,
which induced 28-1,060 His' revertants per
1 from strain TA100 without §9 mix after

79(12) 1988

nitrite treatment, were treated with activated
charcoal. The CS8S contained neither tyra-
mine, MTCCA, nor MTC and showed little
mutagenicity after nitrite treatment (Table I),
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However, when 1.27 gg of tyramine, which
was present in 1zl of soy sauce A, was added
to each CSS and the mixture was treated with
nitrite, the mutagenicity of almost all samples
showed the same high levels as that of nitrite-
treated soy sauce A (Table I), indicating that
all the kinds of soy sauce tested contained
high levels of mutagenicity-augmenting com-
pound(s) after nitrite treatment.

The mutagenicity of a mixture of CS8 and
nitrite-treated tyramine was as high as that of
a mixture of nitrite-treated CS88 and nitrite-
treated tyramine (Table I1). This finding indi-
cates that the MAF in CSS was able without
nitrite treatment to augment the mutagenicity
of nitrite-treated tyramine.

The effect of the MAF in charcoal-treated
soy sauce A on the mutagen-precursors in soy
sauce was determined as shown in Fig. 5.
Addition of 1 gl of the CSS increased the
mutagenicity of nitrite-treated MTCCA and
MTC 1.7-fold and 1.4-fold, respectively, at a
concentration of 25 gg. On the other hand,
addition of the same amount of CSS increased
the mutagenicity of 1 g of tyramine after
nitrite treatment 9.1-fold. The decrease in the
mutagenicity of nitrite-treated tyramine at
concentrations of more than 2 g in the pres-
ence of CSS was probably due to killing of the
test bacteria which was observed with a light
microscope.

The mutagenicity-augmenting activity of
the MAF was stable to light irradiation for a
long time and also did not decrease after
heating of MAF at 100° for 10 min (data not
shown).

Identification of the Augmentable Mutagen
Produced in Nitrite-treated Soy Sauce
Nitrite-treated soy sauce (inducing 830 His"*
revertants per plate per ul of original soy
sauce equivalent from strain TA100 in the
absence of 89 mix) was subjected to HPLC
and fractionated by using system 4 as de-
scribed in “Materials and Methods™ (Fig. 6a).
Each one-minute fraction was assayed for
mutagenicity. Only the fraction with a peak
appearing at 13.7 min showed weak muta-
genicity (44 His™ revertants per plate, recovery
3.3%) (Fig. 6b). However, the mutagenicity
of the fraction was markedly augmented by
addition of the CSS (808 His™ revertants per
plate, recovery 97%) (Fig. 6c). No other
mutagenic fraction with or without CSS was
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detected in this system. When nitrite-treated
soy sauce was irradiated with a 20-W fluo-
rescent lamp at a distance of 20 ¢cm for 60 min,
the sample showed almost no mutagenicity
(data not shown). At the same time, the area
of the peak at 13.7 min (peak 1 in Fig. 6a
and d) was reduced significantly and a new
broad peak (peak 3 in Fig. 6d) appeared.
The peak that appeared at 13.7 min in the
HPLC chromatogram of nitrite-ireated soy
sauce (peak 1 in Fig. 6a) was identified as 3-
diazotyramine because the retention time and
the UV spectrum (data not shown) were the
same as those of nitrite-treated tyramine (Fig.
6e) and those of authentic 3-diazotyramine
(data not shown). In addition the muta-
genicity of the peak of nitrite-treated tyramine
(Fig. 6f and g) and authentic 3-diazotyramine
was increased more than tenfold by addition
of CSS. Moreover, the peak of nitrite-treated
tyramine disappeared after light irradiation
(Fig. 6h).

DiscussioN

The mutagenicity of nitrite-treated soy
sauce presented in this paper (Fig. 2 and
Table I) was considerably higher than that
reported in earlier papers,'®'"" presumably
not only because the conditions of nitrite
treatment were modified but also because the
mutagenicity was assayed under a yellow light
to prevent photoinactivation of the mutagens
produced. For the same reasons, the muta-
genicity of nitrite-treated tyramine was higher
than that reproted by Ochiai et al'V On the
other hand, the mutagenicity of nitrite-treated
MTCCA or MTC was not very different from
that reported in the past'®®® because it
scemed to be not particularly affected by
light (Fig. 3).

Nonmutagenic MTC present in soy sauce'®
is considered to be a mutagen-precursor in soy
sauce because it became mutagenic after ni-
trite treatment as did tyramine and MTCCA.
However, the mutagenicity of nitrite-treated
MTC was not as strong as that of nitrite-
treated tyramine or MTCCA (Fig. 5), partly
because the reaction of MTC with nitrite may
be slow.

Although no other new potent mutagen-
precursor was detected, we found a com-
pound augmenting the mutagenicity of muta-
gens produced from precursors in soy sauce

Jpn. I. Cancer Res, (Gann)



MUTAGENICITY-AUGMENTING FACTOR IN SOY SAUCE

by nitrite treatment. The MAF and three
known precursors accounted for all the
mutagenicity of nitrite-treated soy sauce. The
mutagenicity-augmenting activity was found
in all soy sauce samples tested. If the MAF is
produced by fermentation, it may also be
present in soybean paste and other foods.

Three mutagen-precursors in soy sauce, i..,
tyramine, MTCCA. and MTC, induced 101,
17.6 and 6.9 His' revertants, respectively,
from strain TA100 in the absence of 59 mix
when 1 #g of each chemical was treated with
nitrite in our system. Their average quantities
in the 25 kinds of soy sauce were 548, 487 and
61.2 ng/ul, respectively. Since 1 ul of the CSS
increased the mutagenicity of nitrite-treated
tyramineg, MTCCA and MTC by 9.1-, 1.7-
and 1.4-fold, respectively (Fig. 5), the average
contribution of the three precursors to the
mutagenicity of the 25 kinds of nitrite-treated
soy sauce was calculated to be 100:3.0:0.13,
respectively. Moreover, nine of ten kinds of
CSS seemed to have about tenfold muta-
genicity-augmenting activity for nitrite-
treated tyramine, and the mutagenicity-
augmenting activity of CSS needed no nitrite
(Tables I and II). In addition, mutagenicity
of nitrite-treated soy sauce was correlated
strongly with the tyramine content of the soy
sauce (Fig. 2). Therefore, these results sug-
gest that tyramine is the most important pre-
cursor in regard to the mutagenicity of nitrite-
treated soy sauce.

Although the mutagenic activity of nitrite-
treated tyramine is highly photosensitive (Fig.
3), the decrease in the mutagenicity must be
almost negligible in the human gastrointesti-
nal tract because of the darkness. Tyramine
occurs not only in soy sauce but also in some
soybean products, cheese and other fermenta-
tion products.” Although it has been said
that the pH of the stomach contents does not
drop below 3 until about an hour after a
meal’®® and that the nitrite level does not rise
above SmM even in extremely abnormal
cases,”” the mutagenicity of a limited amount
of direct-acting mutagens generated by nitrite
in the acidic human stomach may be aug-
mented by the MAF when foods containing it
are caten.

The structure and the mechanism of
action of MAF and the physiological action
on animal cells are currently under study,
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