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METHOD FOR REDUCING THE
PRECURSOR OF ETHYL CARBAMATE IN

SOY SAUCE
[0001] CROSS-REFERENCES AND RELATED APPLI-
CATIONS
[0002] This application claims the benefit of priority to

Chinese Application No. 201410132103.3, entitled “A
method for reducing the precursor of ethyl carbamate in soy
sauce”, filed Apr. 2, 2014, which is herein incorporated by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to the field of micro-
bial production. In particular, it relates to a method of using a
novel microorgarnism to reduce the precursor of ethyl car-
bamate in soy sauce.

[0005] 2. Description of the Related Art

[0006] Ethyl carbamate (EC) widely exists in fermented
products such as rice wine, wine, soy sauce and soybean
paste. EC is classified as a class 2A carcinogen by the World
Health Organization (WHO). It has been reported that EC
could induce lung cancer, liver cancer, skin cancer and other
cancers. It has aroused widespread concerns as to the food
safety issue caused by EC in fermented products. However,
there is no effective way to remove the EC in soy sauce. EC
generated from precursors during soy sauce sterilization pro-
cess is extremely hard to be degraded.

[0007] An effective way to remove EC in soy sauce is
reducing the amount of EC precursors. Studies have shown
that ethanol, citrulline and urea are the main precursors for
producing EC in soy sauce. The amount of ethanol, citrulline
and urea in soy sauce is 2.5%, 2.2 g/l and 57 mg/L., respec-
tively. 80% of EC in soy sauce is made by reaction of ethanol
and citrulline. Since ethanol is a primary flavoring compound
in soy sauce, reducing citrulline accumulation in soy sauce is
an effective way to decrease the amount of EC without affect-
ing soy sauce flavor.

[0008] Tetragenococcus halophilus belongs to genus Lac-
tobacillus, which is formerly classified as halophilic Pedio-
coccus, and is now classified as a Tetragenococcus. It exists
widely in salted products, such as Japanese soy sauce, salted
anchovies and Indonesia soy sauce. Adding Tetragenococcus
halophilus in the production of soy sauce can improve the
flavor and quality of the soy sauce. It has no report that
addition of Tetragenococcus halophilus can decrease the
accumulation of EC in soy sauce. It is the goal of the present
invention to provide a method of reducing the amount of EC
precursors in soy sauce by use of a novel strain of Tetrageno-
coccus halophilus.

DETAILED DESCRIPTION

[0009] The goal of the present invention is to provide a
novel microorganism, Tetragenococcus halophilus (T. halo-
philus) BBE R23, which can use arginine, but does not accu-
mulate citrulline.

[0010] In a preferred embodiment, the 7. halophilus BBE
R23 was conserved at China Center for Type Culture Collec-
tion (CCTCC) on October 20, 2013 with an accession No. of
CCTCC NO: M2013480.
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[0011] In another embodiment, the present invention pro-
vides a method for reducing precursors of ethyl carbamate in
soy sauce by artificially inoculating 7. halophilus during soy
sauce fermentation.

[0012] In a preferred embodiment, the precursor of ethyl
carbamate is citrulline.

[0013] Inapreferred embodiment, 7. halophilus inoculated
during soy sauce fermentation is Tetragenococcus halophilus
BBE R23.

[0014] In a preferred embodiment, 7. halophilus is artifi-
cially inoculated when koji and salted water are mixed.
[0015] In a preferred embodiment, the inoculation amount
of T. kalophilus is 10°~10” CFU/mL.

[0016] In a preferred embodiment, the inoculation amount
of T kalophilus is 10° CFU/mL.

[0017] In a preferred embodiment, the present invention
provides a method of reducing the amount of EC precursors in
soy sauce, comprising the steps for preparation of koji: 1),
soaking defatted soybean and parched wheat in water for 8
hours, and sterilizing at 121° C. for 8 minutes; 2), mixing the
soaked soybean, parched wheat, bran and flour according to a
mass ratio of (15-25):(10-20):1:1, and inoculating the mix-
ture with Aspergillus oryzae spore to obtain a preliminary
koji; 3) fermenting until the color of the preliminary koji
turned light green to obtain a mature koji.

[0018] In a preferred embodiment, the present invention
provides a method of reducing the amount of EC precursors in
soy sauce, further comprising the steps of: 1), mixing the
mature koji and 20% salted water (e.g. 20% NaCl solution)
with a mass ratio of 1: (1.0-2.0) and simultaneously inoculat-
ing 10°~107 CFU/mL T. halophilus BBE R23; 2), cultivating
the mixture at 10-15° C. for 7 days; 3), inoculating Zygosac-
charomyces rouxii on the seventh and the fourteenth day
separately, and continuing fermentation at room temperature
until 80th-120th day.

[0019] In a preferred embodiment, the present invention
provides a method of reducing the amount of EC precursors in
soy sauce, comprising the steps of: 1), soaking defatted soy-
bean and parched wheat in water for 8 hours, and sterilizing at
121° C. for 8 minutes; 2), mixing the soaked soybean,
parched wheat, bran and flour according to a mass ratio of
(15-25):(10-20):1:1, and inoculating the mixture with
Aspergillus oryzae spore (inoculation rate: 300 gram microbe
per ton of mature koji) to obtain a preliminary koji; 3) fer-
menting at 30° C. for 46-48 hours until the color of the
preliminary koji turned light green to obtain a mature koji; 4),
mixing the mature koji and 20% salted water with a mass ratio
of 1:1.7 and simultaneously inoculating 10°~10” CFU/mL T.
halophilus BBE R23; 5), cultivating the mixture at 10-15° C.
for 7 days; 6), inoculating Zygosaccharomyces rouxii (107
CFU/mL) on the seventh and the fourteenth day separately,
and continuing fermentation at room temperature until 90th
day.

[0020] The present invention provides a method for reduc-
ing EC precursor citrulline in soy sauce by inoculating 7
halophilus BBE R23 during soy sauce fermentation. Com-
paring to the control, citrulline and EC in soy sauce is
decreased by 86% and 50%, respectively. In addition, addi-
tion of 10° CFU/mL 7. halophilus BBE R23 also increases the
amount of volatile flavoring compounds and free fatty acids in
the final product. It is noteworthy that -ethyl benzene etha-
nol, glycerol, (S)-1-phenyl-1,2-glycol, methyl acprylate,
elaidic acid ethyl ester, methyl linoleate, 2,3-acetyl caproyl
and 3-hydroxyl-2,6-dimethylpyran-4-ketone are new aroma
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compounds detected only in soy sauce inoculated with 7
halophilus BBE R23. In summary, the soy sauce made by the
present invention has not only reduced EC and its precursor
citrulline, but also improved flavor of the final soy sauce
product.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1. Comparison of distribution of flavoring
compounds in soy sauce made by different methods.
[0022] FIG. 2. Comparison of concentration of flavoring
compounds in soy sauce made by different methods.

EXAMPLES

[0023] The following examples are provided for illustra-
tion purposes, are not intended to limit the scope of the
invention, which is limited only by the claims.

Materials and Methods
[0024] 1. Determination of EC by GC/MS
[0025] (1) Sample pretreatment: 10 g liquid soy sauce

sample, 1 m[. N-amino propyl formate (internal standard) and
distilled water were mixed to get 40 g mixture. The liquid
mixture was injected into solid phase extraction column with
Extrelut QE celite as the stationary phase and eluted with 80
mL dichloromethane. The eluent was concentrated to 2-3 mL
by a rotatory evaporator at 30° C. and further concentrated to
1 mL by a nitrogen concentrator.

[0026] (2) Conditions for GC/MS analysis: The column,
J&W DB-WAX Quartz Capillary (30 mx0.25 mm, ID 0.25
um), was held at 40° C. for 0.75 min and then heated to 60° C.
at 10° C./min, to 150° C. at 3° C./min, and to 220° C. as
quickly as possible. The final temperature was held constant
for 4.25 min. Helium was used as the carrier gas at a flow rate
of 1 mL/min. 1 pL. well-prepared sample together with inter-
nal standard was injected into the column The injection mode
was splitless. General profiles of the pyrolysates were carried
out using electron impact (EI) mode: electron energy, tem-
perature of the transmission line and ion source temperature
were heldat 70 eV, 180° C. and 200° C., respectively. Specific
m/z characteristics were selected, for instance, m/z 62, m/z 74
and m/z 89 for qualitative analysis, and m/z 62 for quantita-
tive measurement.

[0027] (3) Data analysis: m/z=62 was chosen to represent
EC and the concentration of EC was calculated based on an
internal standard method.

[0028] 2. The concentration of flavoring compounds in soy
sauce was determined by gas chromatography.

[0029] 5 ml of soy sauce was preheated at 45° C. for 15
minutes and extracted in a solid phase micro-extractor for 40
minutes. The soy sauce extract was loaded in a gas chroma-
tography for analysis of the flavoring compounds.

[0030] 3. The concentration of citrulline in soy sauce was
measured using HPLC.

[0031] (1) Sample preparation: 1 mL soy sauce was placed
in a 25 ml volumetric flask and trichloroacetic acid (TCA)
was added to a total volume of 25 mL. The TCA solution was
degassed for 10 minutes by ultrasound, settled for 5 minutes
and degassed for another 10 minutes. The degassed solution
was filtered through a 0.22 um filter membrane and is ready
for HPLC analysis.

[0032] (2) Conditions for HPLC analysis: O-xylene (OPA)
and 9-fluorenylmethyl chloroformate (FMOC) were used as
precolumn derivation. Citrulline in the sample was deter-
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mined by HPLC (Agilent liquid chromatography 1200 series,
Santa Clara, Calif.) with a Hypersil ODS-2 column (250
mmx4.6 mmx5 pm). The mobile phase flow rate was 1.0
mL-min~'. The column temperature was maintained at 40° C.
Citrulline was detected by a UV detector (excitation wave-
length at 338 nm, absorption at 262 nm).

[0033] Mobile phase A: 8.0 g/L. Sodium acetate trihydrate,
225 ul/L Triethylamine, 50 mI/L acetic acid, 5 mL/L. Tet-
rahydrofuran, pH 7.20+0.05.

[0034] Mobile phase B: 12.0 g Sodium acetate trihydrate
was dissolved in 400 mL ultrapure water and adjust pH to
7.20+£0.05 with acetum (5%) before mixing with 800 mL
acetonitrile and 800 mL methanol.

TABLE 1

Gradient elution procedure

Time (min) A% B% Flow rate (mL/min)

0 92 8 1.0

275 40 60 1.0

31.5 0 100 1.5

32 0 100 1.5

34 0 100 1.0

35.5 92 8 1.0
[0035] 4. Cultivation conditions for 7. halophilus BBE
R23.
[0036] T halophilus BBE R23 was cultivated on a MRS

agar plate containing 100 g/I. NaCl at 30° C. for 4 days and
then transferred to MRS liquid medium containing 10% NaCl
at 30° C. for 4 days. MRS medium (g/L): Peptone 8, Beef
extract 4, Yeast extract 4, Glucose 20, Sodium acetate 5,
Ammonium citrate 2, MgSO,.7H,0 0.2, K,HPO,, 2, MgSO,.
4H,0 0.05, sorbic acid 1 ml, pH7.0.

EXAMPLE 1

Determination of the Precursors of EC in Soy Sauce

[0037] Sterilization process, the final step before people get
the end products, is the step that generates most of the EC in
soy sauce because. It was measured earlier that Japanese soy
sauce contains 57.7 mg/L urea, 2.2 g/L. citrulline before ster-
ilization and 40 pg/I. EC after sterilization. In order to study
the reaction kinetics between EC and its precursors, different
concentrations of the precursors were mixed as shown Reac-
tion 1-3 below and sterilized at 95° C. for 30 min.

[0038] Reaction 1: urea 0 mg/L, citrulline 2 g/I., ethanol
2% (viv).
[0039] Reaction 2: urea 50 mg/L, citrulline 0 g/T, ethanol
2% (viv).
[0040] Reaction 3: urea 50 mg/L, citrulline 2 g/T., ethanol
0% (v/v).
TABLE 2
Concentrations of EC (After sterilization)
and its precursors (Before sterilization)
Compounds Urea (mg/L) Citrulline (g/L) Ethanol (%) EC (ng/L)
Raw soy sauce 57.7 2.2 2-2.5 40
Reaction 1 50 0 2 10.2
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TABLE 2-continued

Concentrations of EC (After sterilization)
and its precursors (Before sterilization)

Compounds Urea (mg/L) Citrulline (g/L) Ethanol (%) EC (ug/L)
Reaction 2 0 2 2 323
Reaction 3 50 2 0 ND

Note:
ND, not detected.

[0041] As it can been seen from Table 2, only 10.2 ng/I. EC
was synthesized without citrulline. No EC was synthesized
without ethanol. It is confirmed that citrulline and ethanol are
major precursors for EC production.

EXAMPLE 2

Procedure of Making Soy Sauce with Addition of 70
halophilus BBE R23

[0042] Preparation of koji: defatted soybean and parched
wheat were soaked in water for 8 hours and sterilized at 121°
C. for 8 minutes. The cooled soybean, parched wheat, bran
and flour were mixed according to a mass ratio of 20:15:1:1,
and the mixture was inoculated with Aspergillus oryzae spore
(inoculation rate: 300 gram microbe per ton of mature koji) to
obtain a preliminary koji. The preliminary koji was incubated
at 30° C. for 46-48 hours, with occasional mixing every 6-8
hours, until the color of the preliminary koji turned light green
to obtain a mature koji.

[0043] Fermentation process: the mature koji and 20%
salted water were mixed with amass ratio of 1:1.7. 10, 10% or
107 CFU/mL T. halophilus BBE R23 was simultaneously
inoculated into the koji mixture and cultivated at 10-15° C. for
7 days. The koji fermentation without inoculation of 7. kalo-
philus BBE R23 was used as the control. Zygosaccharomyces
rouxii (107 CFU/mL) was inoculated into the koji fermenta-
tion broth on the seventh and the fourteenth day separately,
and the fermentation continued at room temperature until the
90th day.

EXAMPLE 3

Effects of Inoculation of 7. halophilus BBE R23 on
EC and Amino Acid Concentrations of Soy Sauce

[0044] 1. Preparation of Concentrated 1. halophilic
[0045] 1% T. halophilic was inoculated into the MRS cul-
ture medium (pH=7.0) with 10% NaCl and cultured at 30° C.
for 3 days until the cell concentration reached the maximum
(ODgq 15 3.95). The cells were collected by centrifugation at
10,000 rpm for 5 minutes, and resuspended in 1% saline to
obtain a concentrated suspension of T kalophilic.

[0046] 2. Culture of Mature Koji and 7. halophilic BBE
R23
[0047] Inthe process of soy sauce brewing, the mature koji

mixed with 20% saline was inoculated with different concen-
trations of 7. kalophilic BBE R23. The final inoculation con-
centration of 7. halophilic BBE R23 is 10°, 10° or 107 CFU/
ml. The koji fermentation without inoculation of 7
halophilus BBE R23 was used as the control. Each sample
was repeated for three times.

[0048] 3. Measurement of EC and Free Amino Acid Con-
centration in Soy Sauce
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[0049] The concentrations of citrulline, EC and free amino
acids in soy sauce products that were inoculated with difter-
ent concentrations of 7. halophilus BBE R23 during the brew-
ing process were measured by HPLC and/or GC/MS.

[0050] As shown in Table 3, the soy sauce in the control
group contained 3.19 g/L citrulline, and inoculation of 10°
and 107 CFU/mL T. halophilus BBE R23 decreased citrulline
content in soy sauce to 0.46 g/LL (14.4% of the control). It was
clear that addition of 7. halophilus BBE R23 during the soy
sauce brewing process helped decrease the amount of citrul-
line in the soy sauce before sterilization.

[0051] After sterilization, EC concentration will increase
due to high temperature treatment, for example, the EC con-
tent in the control group increased 54.68%. The EC concen-
tration in the final soy sauce product was lowered to 31.3%
and 49.5% of the control level when the brewing process was
inoculated with 107 and 10° CFU/mL T. halophilus BBER23,
respectively. It is shown that the amount of the EC precursor,
ethanol, does not change significantly among different
groups, and that only the amount of citrulline is significantly
decreased in the group treated with 7 halophilus BBE R23.
These results indicated that addition of 7. kalophilus BBE
R23 to the soy sauce brewing process is an effective way to
reduce accumulation of EC precursor, citrulline, and thus EC
content in the final product.

[0052] Free amino acid contents in different groups of soy
sauce products were shown in Table 4. The free amino acid
contents in soy sauce products inoculated with 107, 10°, 10°
and zero CFU/mL T. halophilus BBE R23 are 40.85, 58.81,
53.29 and 43.16 g/L, respectively. Addition of 10’ CFU/mL T,
halophilus BBE R23 can greatly reduce citrulline concentra-
tion. But it had a negative effect on amino acid content in the
soy sauce. The optimum inoculation rate is 10° CFU/mL T.
halophilus BBE R23, which resulted in reduced citrulline
accumulation and increased amount of amino acids in the
final soy sauce product.

TABLE 3

Concentration of EC and its precursors in soy sauce

EC ng/L EC pg/LL

Ethanol % Urea Citrulline (Before (After

Sample WiV mg/L g/l sterilization)  sterilization)
1 0.74 20.9 3.19 50.72 044 111.91 £12.90
2 0.58 26.6 0.46 3622151 5512275
3 0.64 15.6 0.46 2777052 3531 +1.85

Note:

sample 1, control; sample 2, soy sauce prepared with 10 CFU/mL T halophilus BBE R23;
sample 3, soy sauce prepared with I. halophilus BBE R23 107 CFU/mL.

TABLE 4

Influence of different inoculation amount
on free amino acids content in soy sauce

Inoculation amount (CFU/mL)

107 106 10° 0

Free amino acids (g/L) 40.85 58.81 53.29 43.16

Note:

the free amino acids in the table includes Asp, Glu, Ser, His, Gly, Thr, Cit, Arg, Ala, Tyr, Cys,
Val, Met, Phe, Ile, O, Leu, Lys and Pro.
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EXAMPLE 4

Effects of Inoculation of 7. halophilus BBE R23 on
Flavor Substances of Soy Sauce

[0053] Main flavorings of Japanese soy sauce are alcohols,
aldehydes and esters. As shown in FIG. 1, there were 10
alcohols, 10 aldehydes, 10 ketones, 3 acids, 3 phenols, 20
esters and 3 pyrazines detected in control group soy sauce.
Eight new flavoring compounds, including f-ethyl benzene
ethanol, glycerol, (S)-1-phenyl-1,2-glycol, methyl acprylate,
elaidic acid ethyl ester, methyl linoleate, 2,3-acetyl caproyl
and 3-hydroxyl-2,6-dimethylpyran-4-ketone, were detected
in soy sauce prepared with 10° CFU/mL T. halophilus BBE
R23.
[0054] As regards to the content of flavoring compounds in
soy sauce products, soy sauce prepared with 10° CFU/mL T.
halophilus BBE R23 has concentrations of alcohols (except
ethanol), aldehydes, ketones, acids, phenols and esters
increased by 24.73%, 6.64%, 7.02%, 20.61%, 6.53% and
5.25%, respectively. Pyrazines concentration is decreased by
13.67% compared to that of the control group, which had very
little effect on soy sauce flavor. As shown from FIGS. 1 and 2,
the quality of soy sauce prepared with 107 CFU/mL T, halo-
philus BBE R23 is inferior to the ones prepared with 10°
CFU/mL T. halophilus BBE R23 in terms of the number of
species and total amount of flavoring compounds in the final
products.
[0055] While the present invention has been described in
some detail for purposes of clarity and understanding, one
skilled in the art will appreciate that various changes in form
and detail can be made without departing from the true scope
of the invention. All figures, tables, appendices, patents,
patent applications and publications, referred to above, are
hereby incorporated by reference.

What is claimed is:

1. A method for reducing a precursor of ethyl carbamate in
a soy sauce product, comprising artificially inoculating 7et-
ragenococcus halophilus (1. halophilus) during soy sauce
fermentation.

2. The method of claim 1, wherein said precursor of ethyl
carbamate is citrulline.

3. The method of claim 1, wherein said 1. halophilus is
Tetragenococcus halophilus BBE R23 which was conserved
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in China Center for Type Culture Collection on Oct. 20, 2013
with an accession No. of CCTCC NO: M 2013480.

4. The method of claim 1, wherein said 7. kalophilus is
inoculated into the soy sauce fermentation when koji is mixed
with salted water.

5. The method of claim 1, the inoculation amount of 7.
halophilus is 10°~107 CFU/mL.

6. The method of claim 4, the inoculation amount of 7.
halophilus is 10°~107 CFU/mL.

7. The method of claim 1, the inoculation amount of 7.
halophilus is 10° CFU/mL.

8. The method of claim 4, the inoculation amount of 7.
halophilus is 10° CFU/mL.

9. The method of claim 1, further comprising the steps for
preparation of koji:

1), soaking defatted soybean and parched wheat in water

for 8 hours, and sterilizing at 121° C. for 8 minutes;

2), mixing the soaked soybean, parched wheat, bran and
flour according to a mass ratio of (15-25):(10-20):1:1,
and inoculating the mixture with Aspergillus oryzae
spore to obtain a preliminary koji; and

3) fermenting until the color of the preliminary koji turned
light green to obtain a mature koji.

10. A method of claim 1, further comprising the steps of:

1), mixing the mature koji and 20% salted water with a
mass ratio of 1:(1.0-2.0) and simultaneously inoculating
10°~10’CFU/mL T. halophilus BBE R23;

2), cultivating the mixture at 10-15° C. for 7 days;

3), inoculating Zygosaccharomyces rouxii on the 7th and
the 14th day separately; and

4), continuing fermentation at room temperature until
80th-120th day.

11. A method of claim 9, further comprising the steps of:

1), mixing the mature koji and 20% salted water with a
mass ratio of 1:(1.0-2.0) and simultaneously inoculating
105~10°CFU/mL T. halophilus BBE R23;

2), cultivating the mixture at 10-15° C. for 7 days;

3), inoculating Zygosaccharomyces rouxii on the 7th and
the 14th day separately; and

4), continuing fermentation at room temperature until
80th-120th day.

12. A method of claim 11, wherein 10° CFU/mL T: halo-

philus BBE R23 is inoculated simultaneously when koji is
mixed with the salted water.
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