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lactic acid bacterium isolated from fish sauce
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Abstract

We examined histamine formation in cultures ofTetragenococcus muriaticus, a halophilic lactic acid bacterium isolated
Ž .from fish sauce.T. muriaticus formed histamine in low acidity pH 5.8 , O limiting conditions with optimal NaCl and2

Ž .glucose concentrations of 5–7% wrv and above 1%, respectively. Histamine formation could not be prevented even at
Ž .20% wrv NaCl, indicating that NaCl could not prevent histamine formation by this bacterium. A conspicuous amount of

histamine accumulated only during the late stationary phase regardless of the growth conditions. Studies of cell suspension
experiments confirmed the results obtained from cultured cells.q2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Biogenic amines are formed in meat, fish, cheese
Žand wine products Rice et al., 1976; ten Brink et al.,

.1990; Stratton et al., 1991; Halasz et al., 1994 . High´
levels of histamine in foods can have important

Žvasoactive effects in humans Taylor, 1985; Lehane
.and Olley, 2000 . Accordingly, the presence of

histamine in these products has been extensively
Žstudied Omura et al., 1978; Sumner et al., 1990;

Lonvaud-Funel and Joyeux, 1994; Lopez-Sabater´
et al., 1996; Roig-Sagues et al., 1997; Kim et al.,´

.2000 . Histamine can also be formed in salted foods,
such as sardines salted and fermented with rice-
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Ž .bran Yatsunami and Echigo, 1992, 1993a,b , fish
Ž .sauce Sato et al., 1995 and salted anchovies

Ž .Hernandez–Herrero et al., 1999 . Although inci-´
dents of histamine poisoning following the consump-
tion of these salted and fermented products have not
been reported, they may have occurred but went
unnoticed because histamine poisoning closely re-
sembles a food allergy. Fish and soy sauces are
standard sources of seasoning of fish in Japan that
has been the cause of many instances of histamine
poisoning. Thus, amines present in soy and fish
sauces may contribute to the toxicity of consumed
fish. Standards or guidelines for permissible concen-
trations of histamine in fish sauce or other salted and
fermented products have not been established. How-
ever, high concentrations of histamine in these salted
and fermented products should be avoided from the
viewpoints of product safety and of good manufac-
turing practices.
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Fish and soy sauces or other salted–fermented
Ž .products generally contain over 10% wrv NaCl,

and thus the types of bacteria responsible for his-
tamine formation in these products differ from those
in non-salted products. However, only few halophilic

Žhistamine formers have been isolated Yatsunami
and Echigo, 1991; Okuzumi et al., 1994; Sato et al.,
1995; Satomi et al., 1997; Hernandez-Herrero et al.,´

.1999; Kimura et al., 2000 and very little is known
about the effects of factors such as pH, NaCl, glu-
cose, and growth stage on histamine formation by
halophilic histamine formers. Recently, Hernandez-´

Ž .Herrero et al. 1999 isolated halotolerant and
halophilic histamine-forming bacteria from ripening
salted anchovies and the effect of NaCl on histamine
formation has been studied in these bacteria.

Tetragenococcus muriaticus is a halophilic lactic
acid bacterium that is phylogenically closely related
to T. halophilus, a typical lactic acid fermenter in

Žsoy sauce Sakaguchi, 1958; Roling and van Verse-¨
. Ž .veld, 1996 and in fish sauce Ito et al., 1985 . This

bacterium can thrive at NaCl concentration as high
Ž . Ž .as 25% wrv Satomi et al., 1997 . It has been

isolated as a potent halophilic histamine former from
ŽJapanese traditional fermented fish sauce squid liver

.sauce and added into the genusTetragenococcus as
Ž .a new species Satomi et al. 1997 . Kobayashi et al.

Ž .2000 recently studied the distribution of this spe-
cies in other fermented products and found thatT.
muriaticus is widely distributed in mixed popula-
tions with T. halophilus in fermented products like
Japanese fermented puffer fish ovaries. The same
study also found that the ability of this organism to

Ž .produce histamine was strain specific. Karnop 1988
isolated a halophilic bacterium as the main histamine
former in semi-preserved anchovies and identified it
as Pediococcus halophilus, which is T. halophilus

Žaccording to the current classification Anonymous,
.1994 . Thus, it is likely that histamine-forming strains

of either T. halophilus or T. muriaticus are ubiqui-
tous in salted food products and that they play
important roles in histamine formation.

The objective of the present study was to study
the conditions under whichT. muriaticus forms his-
tamine. To our knowledge, this is the first descrip-
tion of the conditions required for histamine forma-
tion by a truly halophilic histamine former that can

Ž .thrive at NaCl concentration as high as 25% wrv .

2. Materials and methods

2.1. Bacterial strains

T. muriaticus JCM 10006T originally isolated
Žfrom traditional Japanese fermented fish sauce squid

. Ž .liver sauce Satomi et al., 1997 , was cultured in
Ž .modified GYP medium Kozaki et al., 1992

Ž .throughout this study mGYP . The medium was
composed of 0.5% Bacto Peptone, 0.2% Lab-lemco
powder, 1% yeast extract, 1% glucose, 0.2% sodium
acetate trihydrate, 0.05% Tween 80, 0.02% magne-
sium sulfate heptahydrate, 0.001% manganese sul-
fate tetrahydrate, 0.001% ferrous sulfate heptahy-
drate, 7% NaCl, 1% histidine monohydrochloride,
and 500 mM 2-morpholinoethansulfonic acid mono-

Ž .hydrate MES , adjusted to pH 6.5 before being
autoclaved. The bacterial strains were stabbed into
mGYP medium containing 1.5% agar, maintained at
room temperature, and subcultured every month.

2.2. Histamine formation in a pure culture

The test culture were 10 ml of mGYP medium in
Ž .glass tubes 150=15 mm containing different pH,

NaCl and glucose mixtures. Growth was examined in
mGYP broth at pH 5.8 and 7.6. The mGYP-7.6
medium was buffered at pH 7.6 using a final concen-
tration of 500 mM 3-morpholinopropanesulfonic acid
Ž .MOPS , and mGYP-5.8 was buffered at pH 5.8
using a final concentration of 500 mM MES. The
NaCl concentrations in the mGYP medium were 3%,
5%, 7%, 15%, and 20% NaCl and the glucose
concentrations were 0%, 1%, 2%, and 3% in mGYP.
Cultures were aerobically incubated by continuously
shaking the tubes at 140 revrmin. O -limiting condi-2

tion were achieved by statically incubating cultures
in screw-capped tubes fitted with rubber septa. The
media used for O -limiting incubation were boiled2

before inoculation to remove air, then cooled in ice
water. During O -limiting incubation, the tubes were2

gently shaken twice a day to prevent the cells from
settling.

Before testing, the strain was statically subcul-
tured twice for 2 days in 3 ml of mGYP broth
Ž . Žwithout MES at 308C in culture tubes 100=10

.mm . One hundred microliters of preculture was
Žinoculated into 10 ml of test cultures initial cell
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5 6 .concentration of about 10 –10 cfurml , then incu-
bated aerobically or under O -limiting conditions at2

308C for 10 day. During incubation under the various
conditions, a single sample tube was periodically
analyzed. Tubes that were sampled once were not
used again in this study. The cells were counted by
surface plating on mGYP agar. Histamine in each
sample was determined by high-performance liquid

Ž . Žchromatography HPLC as described Yamanaka
.and Matsumoto, 1989 and the pH of samples was

Žmeasured using a pH meter Horiba, M8, Kyoto,
.Japan .

2.3. Histidine decarboxylase actiÕity of cell suspen-
sion

T. muriaticus was grown either aerobically or
under O -limiting conditions at 308C in mGYP either2

at pH 7.6 or 5.8 as described above. Thirty milliliters
Ž .of culture three culture tubes was harvested at an

Ž .OD of approximately 0.3 exponential phase or660
Ž .of approximately 1.0 stationary phase , then sedi-

mented by centrifugation at 2190=g for 10 min
Ž . Ž48C . After two washes with PBS buffer 50 mM

.sodium phosphate, pH 6.5 containing 7.0% NaCl,
the cell pellet was resuspended in 50–100ml of the
same buffer to give an OD of 20.0. An equal660

Žvolume of a reaction buffer PBS buffer containing
.7.0% NaCl plus 10 mM histidine was then added to

the cell suspension and incubated at 308C for 4 h.
Thereafter, the reaction mixture was filtered using a

Ž .DISMIC-13CP Advantec, Tokyo, Japan . The his-
tamine concentration in the filtrate was determined
by HPLC. One unit of histidine decarboxylase was

defined as the histamine concentration in the filtrate
Ž . Ž .mM r 1000 ml=240 min=OD .660

2.4. Data analysis

The results are reported for single experiments.
All tests however, were repeated with consistent
results.

3. Results

3.1. Histamine formation in a pure culture

Histamine formation in a pure culture at various
pH values is shown in Table 1. Overall growth rates
were similar in mGYP-7.6 and mGYP-5.8 media.
The amounts of histamine formed significantly dif-
fered at pH values of 5.8 and 7.6. After 4 days at pH
5.8, 152.5 mgrl of histamine was determined that
continued to increase until day 10 when it reached
668.6 mg of histaminerl. In contrast, the concentra-
tion of histamine was-20 mgrl throughout the
incubation period at pH 7.6.

Histamine formation in a pure culture under aero-
bic and O -limiting conditions is shown in Table 2.2

Growth rates were similar under both conditions.
However, histamine formation was conspicuous only
in O -limiting cultures, reaching 1153.4 mgrl on2

day 10. In contrast,-25 mgrl of histamine accu-
mulated throughout the incubation period under aer-
obic conditions. To minimize pH changes under
aerobic or O -limiting conditions, we initially ad-2

justed the pH of the medium to 6.5 using 500 mM

Table 1
Effect of pH on growth and histamine formation byT. muriaticus inoculated into 10 ml of either mGYP-7.6 or mGYP-5.8 and incubated at
308C

Incubation p H7.6 p H5.8
Ž .period days Growth pH Histamine Growth pH Histamine

Ž . Ž . Ž . Ž .Log cfurml mgrl Log cfurml mgrl

0 5.8 7.6 1.3 6.1 5.8 2.4
2 8.4 7.3 1.5 7.9 5.7 7.1
4 8.3 7.2 8.2 8.3 5.1 152.5
7 8.0 7.2 13.2 7.5 5.2 474.4

10 7.4 7.1 15.8 7.2 5.2 668.6



( )B. Kimura et al.r International Journal of Food Microbiology 70 2001 71–7774

Table 2
Histamine formation byT. muriaticus inoculated into 10 ml of mGYP and incubated at 308C under either aerobic or O -limiting conditionsa

2

Incubation Aerobic O -limiting2
Ž .period days Growth pH Histamine Growth pH Histamine

Ž . Ž . Ž . Ž .Log cfurml mgrl Log cfurml mgrl
b0 6.2 6.5 ND 6.2 6.5 ND

2 9.0 6.4 11.2 8.6 6.4 34.6
4 8.5 6.1 2.5 8.7 6.1 253.0
7 8.9 6.1 8.6 7.9 6.2 534.0

10 7.9 6.1 22.3 7.5 6.2 1153.4

aCells were grown as described in Materials and methods.
bND: not detected.

MES. Therefore, the pH of the culture did not signif-
icantly change throughout the incubation periods
Ž .Table 2 , indicating that the difference in histamine
formation was not due to pH.

Histamine formation in a pure culture at various
NaCl concentrations is shown in Table 3. The bac-
terium proliferated in the medium at NaCl concentra-
tions ranging from 3.0% to 20%. Histamine forma-
tion was optimal at a NaCl concentration of 5–7%.
However, 428.3 mlrl of histamine also accumulated
at 15% NaCl by day 10. Histamine formation was
significantly, but not totally inhibited by 20% NaCl.

Ž .With prolonged incubation after 20 days , 1200

Table 3
Effect of NaCl on growth and histamine formation byT. muriati-
cus inoculated into 10 ml of mGYP containing various concentra-
tions of NaCl and incubated at 308C

Ž .Parameters Incubation NaCl concentration %
period 3 5 7 15 20
Ž .days

Growth 0 5.5 5.6 5.6 5.3 5.5
Ž .Log cfurml 2 7.5 7.5 7.8 7.9 7.1

4 7.4 8.5 8.5 8.8 8.2
7 8.1 8.2 8.1 9.0 8.6

10 8.0 7.6 7.7 9.0 8.4
pH 0 6.5 6.5 6.5 6.5 6.5

2 6.3 6.3 6.3 6.3 6.3
4 6.4 6.1 6.1 6.1 6.4
7 6.0 6.0 6.0 5.8 6.0

10 5.9 6.0 6.0 5.9 5.9
aHistamine 0 ND ND ND ND ND

Ž .mgrl 2 ND ND ND ND ND
4 0.4 14.2 37.4 ND ND
7 159.7 344.0 235.9 76.8 5.0

10 249.2 537.0 418.0 428.3 42.0

aND: not detected.

Žmgrl of histamine accumulated at 20% NaCl data
.not shown .

Histamine formation in a pure culture at various
glucose concentrations is shown in Table 4. Al-
though the initial increase ofT. muriaticus was

Žsimilar regardless of the presence of glucose)3
.log increase in 2-day incubation , populations in

cultures with 0% glucose declined more rapidly than
Ž .those with 1%, 2%, and 3% glucose Table 4 .

Although a considerable amount of histamine accu-
Ž .mulated in cultures with 0% glucose-85 mgrl ,

the amount was significant only at 1%, 2%, and 3%
Ž .glucose )400 mgrl . At 2% and 3% glucose, the

Table 4
Effect of glucose on growth and histamine formation byT.
muriaticus inoculated into 10 ml of mGYP containing various
concentrations of NaCl and incubated at 308C

Ž .Parameters Incubation Glucose concentration % wrv
period 0 1 2 3
Ž .days

Growth 0 4.7 5.1 5.1 5.0
Ž .Log cfurml 2 8.4 8.9 9.1 8.8

4 8.0 9.1 9.2 9.2
7 6.8 8.6 9.1 9.5

10 6.6 7.9 8.2 8.3
pH 0 6.5 6.5 6.5 6.5

2 6.5 6.3 6.3 6.3
4 6.4 6.2 5.8 5.9
7 6.4 6.2 5.8 5.4

10 6.4 6.1 5.7 5.3
aHistamine 0 ND ND ND ND

Ž .mgrl 2 2.7 3.6 2.1 1.8
4 55.3 116.5 118.8 100.3
7 83.5 304.6 471.5 553.8

10 82.1 410.6 604.7 773.0

aND: not detected.
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Table 5
Effect of culture conditions on histidine decarboxylase activity of
T. muriaticus cells at exponential and stationary phase. Values are

Ž .given as specific activitymmol histaminermlrminrOD660

Exponential Stationary

pH 5.8 pH 7.6 pH 5.8 pH 7.6
y6 a y4 y6Aerobic 8.3=10 ND 1.3=10 8.3=10
y5 y4 y5O -limiting 6.7=10 ND 1.6=10 4.2=102

aND: not detected.

pH of the medium significantly dropped in the later
Ž .period of the incubation-pH 6.0 after 4 days , and

thus the histamine accumulation seemed to be partly
due to the low pH in these cultures.

Throughout the experiments, histamine formation
was not associated with exponential growth of the
organism. Histamine accumulation was significant
only during the late stationary phase when the popu-
lation of T. muriaticus remained essentially un-

Ž .changed or was gradually declining Tables 1–4 .

3.2. Histamine formation in cell suspension

Table 5 shows the results of the cell suspension
experiment. The histidine decarboxylase activity of
T. muriaticus cells at the stationary phase was higher
than that of cells at the exponential phase regardless
of the culture conditions. Histidine decarboxylase
was also induced at low-pH regardless of cultural
conditions. Histidine decarboxylase was induced un-
der O -limited conditions at the exponential phase at2

pH 5.8 and at the stationary phase at pH 7.6. Since
histidine decarboxylase activity was undetectable at
the exponential phase at pH 7.6, the effect of O -2

limitation on its induction could not be determined.
The cells at the stationary phase at pH 5.8 did not
induce significant amounts of histidine decarboxyl-
ase under O -limiting conditions.2

4. Discussion

The results of this study indicated thatT. muriati-
cus formed histamine at low-pH under O -limiting2

conditions during the stationary growth phase. Find-
ings regarding the relationship between growth phase

Žand bacterial histamine formation have varied Omura
et al., 1978; Yoshinaga and Frank, 1982; Allison and
MacFarlane, 1989; Halasz et al., 1994; Kim et al.,´

.2000 . While histamine formation by some bacteria
appears to be maximal at the middle of the exponen-

Žtial growth phase Omura et al., 1978; Yoshinaga
.and Frank, 1982; Allison and MacFarlane, 1989 ,

others have indicated that histamine is formed during
Žthe stationary phase Halasz et al., 1994; Kim et al.,´

.2000 . These differences were probably due to the
type of bacteria and the growth conditions. On the
other hand, histamine induction by many other bacte-
ria at low pH has been documented by several

Žauthors Allison and MacFarlane, 1989; Chander et
.al., 1989; Halasz et al., 1994 . In general, bacterial´

amino acid decarboxylases such as lysine, arginine
and glutamine decarboxylases are induced at acidic

ŽpH andror under anaerobic conditions Olson, 1993;
.Bearson et al., 1997 , and it is now clear that these

amino acid decarboxylase systems play important
roles in bacterial survival under acidic conditions
Ž .Bearson et al., 1997 . Among the lactic acid bac-
teria, Lactobacillus buchneri ST2A supposedly ge-
nerates a proton motive force from histidine decar-
boxylase through a histidinerhistamine antiporter
Ž .Molenaar et al., 1993 . WhyT. muriaticus induced
histamine formation under O -limiting conditions in2

the present study remains unknown. In facultatively
anaerobic bacteria such asEscherichia coli, oxygen
limitation results in the induction of fermentative
pathways that produce organic acids, and the induc-
tion of lysine decarboxylase may help to compensate

Žfor the change in intracellular pH Meng and Ben-
.nett, 1992 . However, lactic acid bacteria such as

T. muriaticus generally do not consume oxygen,
although some evidence shows oxygen-dependent

Žmetabolism in T. halophilus Kanbe and Uchida,
.1985 . Thus, the effect of limited oxygen on the

formation of histamine byT. muriaticus must be
different from that upon other facultative anaerobic
bacteria.

The present data indicated that histamine forma-
tion by T. muriaticus was suppressed by limited
glucose supplementation of the medium. This was
apparently a result of the limited population of this
organism at the later stages of culture. Fermentable
carbohydrates such as glucose generally enhance both
growth and amino acid decarboxylase activity in

Ž .bacteria Halasz et al., 1994 . The increased his-´
tamine formation in the presence of glucose in the
present study was partly due to the reduction of the
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pH during the latter stages of the incubation, caused
Žby the end products of glucose fermentation Table

.4 .
Since low pH and anaerobiosis are unavoidable

during the fermentation of salted and fermented
products, other factors should be considered to pre-
vent histamine formation in these products. We tested
the effect of temperature on histamine formation by
T. muriaticus, and found that a large amount of

Žhistamine accumulated between 208C and 308C un-
.published data . Histamine was formed even at 10–

Ž .158 unpublished data , which is the minimal temper-
ature range at whichT. muriaticus andT. halophilus

Ž .can multiply Satomi et al., 1997 . Thus, temperature
cannot prevent histamine formation by this organism.
The most effective chemical factor for controlling
histamine formation in many salted products is

Žthought to be NaCl Chin and Koehler, 1983;
.Hernandez-Herrero et al., 1999 . In the present study,´

T. muriaticus accumulated more than 400 mgrl of
Ž .histamine at 5%, 7%, and 15% wrv NaCl in 10

days incubation periods at 308C. The halophilic na-
ture of the types of bacteria that form histamine has

Ž .also been reported by Hernandez-Herrero et al. 1999´
who showed thatStaphylococcs captis formed more

Ž . Žhistamine at 10% wrv NaCl maximum histamine
. Žformation of 398.7 mgrl than at 3% NaCl maxi-

.mum histamine formation of 63.4 mgrl in the
histamine evaluation broth incubated at 308C. The
same study revealed that NaCl in excess of 20%
Ž .wrv inhibited histamine formation significantly
Žmaximum histamine formation of 5 mgrl during 3

.days of incubation . In this study, histamine forma-
tion was significantly, but not completely inhibited

Ž .in the presence of 20% NaCl Table 3 . With pro-
Ž .longed incubation 20 days , almost the same amount

of histamine accumulated at 20% NaCl as at 5% and
Ž . Ž .7% wrv NaCl data not shown . Since fish and soy

sauces are usually fermented at least a year at room
temperature, the NaCl concentration may not be an
effective method for controlling histamine accumula-
tion in these products harboringT. muriaticus.

5. Concluding remarks

We described here the conditions required for
histamine formation by the halophilic lactic acid

bacterium,T. muriaticus. Our results revealed that
the control of histamine production by this bacterium
is difficult under the normal fermentation process of
producing salted products such as fish sauce. Thus,
the best way for preventing histamine production in
these products would be either to prevent contamina-
tion by this bacterium or to suppressT. muriaticus
by introducing non-histamine-producing strains ofT.
halophilus in these products. These aspects should
be studied in the future.
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