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Production of Tyramine in “Moromi” Mash during Soy Sauce Fermentation

Akihiro I7:�, Setsuko T676I6, Yuki S696B6HJ, Akiko Y6HJ>,
Toshiko S=>BD>, Miyoko EC9D= and Kazuo S6>ID

(Tokyo Metropolitan Institute of Public Health: 3�24�1, Hyakunin-cho, Shinjuku-ku,
Tokyo 169�0073, Japan; � Corresponding author)

The concentrations of 7 non-volatile amines, tyramine (Tym), histamine (Him), phenethyl-
amine (Phm), putrescine (Put), cadaverine (Cad), spermidine (Spd) and spermine (Spm) in the liquid
part of “moromi” mash during soy sauce fermentation were studied.

These amines, except for Him and Cad, were detected during fermentation by the convention-
al production method in the laboratory. Put and Spd were detected at the beginning, and Tym,
Phm and Spm appeared later; these 5 amines increased gradually during the fermentation. Put,
Spd, Spm and Cad were present in the raw starting material for soy sauce; thus, Tym and Phm
were produced by the fermentation.

When “moromi” mash was added to 1iquid medium and cultivated, Tym was detected in some
“moromi” mash and the other amines were not detected. Tym-producing bacterial strains were
isolated from the liquid culture media of Tym-positive “moromi” mash. The Tym-producing strain
was a gram-positive coccus.

The conditions for production of amines by Tym-producing bacterial strains were examined.
These strains grew and produced tyramine under various conditions, which may occur during soy
sauce fermentation. Namely, Tym was produced at pH 5�10, at salt concentrations of less than
8(, under either aerobic or anaerobic conditions.

During soy sauce fermentation, it is assumed that Tym would be produced by these strains
during the early stages of soy sauce aging within a short period when the salt concentration and
pH conditions are optimal for growth.

Based on the bacteriological properties, the strains were identified as Enterococcus faecium.
With the exception of Phm and Him, which did not exist in the starting raw material,

non-volatile amines (including Put, Cad, Spd and Spm) were not produced and microorganisms
producing them are not believed to be present during “moromi” fermentation.
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1. � �
1) ��	� 78���,*a Y9��':��C

��\;�<Ab=>� ?�@A6�7�cM�B?C 
2) 
 Y9��<Ab=>6�7?�@AC �d

We�cM�fg� 25h3DiEF� j,AC 
3) ���� c 1.9 L �kCG�lm3Hn�o

�� 22p (w/v)�qI 2.28 L �fgJr!ZA� sJK
t� 503DiLMN�AC N�ui�Ov� 1 Jwi
!Jr!Zex� 9y!P 1Qz�� 1 {� 6�7��
�L$^4B�2;�|�+2�}�	S�Jr!ZA
C F6� 2;!RMHn�o�A~80h��	.AC 
"C� N�ui��Kt! 12D34h���C 

2. � �
)�.�� �5��,2��� }*�O3 8S�TU�

a8�;, ��;� .����.�� 8S�TU�a8�;,
1 �;� ����2�3+-O 8S�TU�a8�;, VW
���,}m&B;� 4+,� (DIFCO)� �XY 8S�T
U�a8�;, RMEZB;� MRS ���� (UNIPATH)�
-�|�MC[��, (REMEL Inc., RapID STR

System) 6�7<�!2U!2U���B?C 
3. � �
��EF\M!�(���� 8�]l3��8�;;� I
^�_���,}m&! TRI ROTAR VI 8D/'�
8�;;� VW`! Silicagel 60 HPTLC +-O, 8Merck

9;� a�bc�!��,��25p�����I (9 : 1) �
B?C 

4. � �
1) ���������� 4+,� 5 g, #d��3

3 g, }*�O3 1 g, �5��,2�� 10 mg 6�7.�
���.�� 10 mg �I 1 L �bXA� 1, 3, 5p�F	
�$q��,2���fg� @2 ¡� 2 mL x>'ey
¢O,�-O��RMAC 

2) ���������� 4+,� 5 g, #d��3
3 g, }*�O3 1 g �)�.�fSI 1 L �bXA� 1D
12p (w/v) �F	�$g£q��,2���fg� �	
?!I&��,2��b�6�7q&� pH 4D10 ��h
ARMyB?C 

3) ���� !"�� �¤¥� 8i 2-39240� �
#�¦ 8j§k;14) �l¨C �FW% MRS ����
52.1 g, .����.�� 10 mg, �X 15 g � 1 L �bX
A� 10 mL x>@2 ¡�'eARMAC mBn�
50h�ftA�EZ�bXA� �J¨v 160h 2ni
RMAC)�.� 50 mg �opr©SA� q%�.ªO
-�rAi`EZ�j,AC 

5. ����#$%&'(
�« 4.3) �+-O,�M�EFy� ���Ost�E
Z�u#�F�C���O�)�.�vwM�x[AC 
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�C 
7. * + �
1) ,*-.&/( 2;�I�g£®zACb��¯

$2 {°eX�|��}[A15)� qo~�Jq��,
2���A�±²AC 

2) ���0/(HPLC���1�&23 ��5) �
|�C C�A� EZ�>?�! 100 mL � 10 mL �³
�2 ¡�o�� 0.1 mol/L q&� 2 mL �ACy� 9:
C���jA HPLCB2 b��AC 

3) HPLC&/(45 /m�¦ Cosmosil 5C18 MS

4.6 i.d.´150 mm 8�/m�µ3�8�;;¶ /m�t�¦
40h¶ ·��¦ ��,�,2*�I (50 : 50)¸80 : 20/65

'¶ r^¦ 0.7 mL/min; }[��¦ Ex. 325 nm, Em. 525

nm

4) TLC678���0&(9 ¯$2 {°eX16)

�|�C �FW%EF� 10 mL �VW`�3¹�,A
a�y�ºA� ����2�3+-O2U���� �l�
�C Rf ���3¹�,��3�»¼AC 
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cus faecium, Him ����� Lactobacillus �� 2��
	
����� ������������������
����� ���������� !�"#� pH$%
&� '�(�� Tym)*+� Him���,*�-.
� 8)/ 01�2���3456��7�	� ��8

� Tym9:; Him���456��<=> 01��
?@�'�(� 484, 203 mg/g�)A9) '���BC
�D��:AE>F�GH,<I�J�K�BCL� /
��456D7�	 BC��D�����<I2��:
AE+MN�O� /

Scheme 1 �2��JP��O� / 2��QRD��
�FS8TU��VWI+*��K� BCL� Tym,

Him, Phm����8
 XY����,*D��Z[�
� / �K� ��\�2���456����],*�
^�F�GH_���+/ ���J��2���`�ab
�)*�� c��de9:;f�g�hA�>> ij
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w2�JPxyzy Y{�9+IoP��D|}�7s
~6��6������ ��K� Y{�2�JPa
b�9�*������ /

Y{�9�*J� U�9:;�������*D|
}�456�7�	� Table 1 �O� / 2��J�9
:;��}�� �0�� 4K� 10K������D|
}K�+��D3456�BCL� Tym, Him��
100 mg/g�� Cad, Spm�����456D 10�30

mg/g��BCL� / �����IU��)*���
� �Ade �f�K�� Tym, Him, Phm ��>B
CL�� Cad, Put, Spd, Spm �BCL� / \  D
|}���}��f� !��)*��}���+*�
��}���uA��+�� �� 2�K� J�9:
;����D|}�8
�,<I�456��BCL�
 / f��U��)*�� deK�����tu�*4
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Him, Phm �JP����� �+q:A ¡�|D|
}��}¢�£[*�� 2����,*�¤¥L� /
¦§��}���I!��f�£[D|}���¡��|
� Y{�� Tym, Him �,��7\�I+*¨J��
� 2���+I+  sJ�K�BCL� ���¤�
� / �� s�kl�� Y{���G©D|}�VW
I456�������,*������KW /

2. ��������	
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��}���I!�©��£[ D|}���} 2��
JP,*���� / Y{����}�«WI 4��D
|}���}kl���� / D|}� 503���¬�
�� '���®¯���°±�������456�
7�	�²³� / 1´�K� 2�µp+�¶�@�?
@K�7�	�·C� / D|}������456��
7�	� Table 2 �O� /

Raw materialsRaw materials
Steamed soybeans

Roast wheat
“Koji” fungus

cultivate
25¸, 3 days

“Koji”

salt water

“Moromi” mash

ferment 1�2 years
squeeze, filter
pasteurize

Soy sauce

Scheme 1. The manufacturing process of soy sauce

Table 1. Contents of Amines in Soy Sauce and Its Raw Material

Sample
Contents of amines ( mg/g)

Tym Him Phm Cad Put Spd Spm

Soy sauce
Product
“Moromi” mash (for 0 day)
“Moromi” mash (for 4 months)
“Moromi” mash (for 10 months)

129
91.6

137
119

66
108
158
124

15.4
6.9

32.8
28.5

1.9
1.1
1.5
1.4

9.1
16.9
29.7
30.1

11.8
25.5
14.3
12.6

1.3
3.1
2.0
1.5

Raw material
Steamed soybean
Roast wheat
“Koji” fungus

�
�
�

�
�
�

�
�
�

6.3
�
�

5.8
1.4
�

64.2
6.5
2.4

17.1
3.0
0.4

Material of “moromi”
“Koji”�
Raw soy sauce (“Kiage shoyu”)

�
100

�
156

�
5.3

2.2
0.7

2.7
16.2

31.1
15.7

6.5
1.9

Detection limits ¹5 ¹20 ¹2 ¹1 ¹1 ¹1 ¹1

� Mixture of steamed soybean, roast wheat and “koji” fungus cultivated for 25¸ for 3 days.
Tym: tyramine; Him: histamine; Phm: phenethylamine; Cad: cadaverine; Put: putrescine; Spd: spermidine; Spm: spermine
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Cad �./ 503�%�������"#$- 0�1��
 !2�34 Put, Spd, Spm ���56��0�"1�
78��$���9�"1:�,;<$'��=>1�
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T Tym, Phm ���56,�Q0�"1U8V�78
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���$\� !2�34 Tym, Phm � 217�&]'*
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0�1�0�"1� bcd�'A�V�� TymeZf

Phmg�Q� PutDh7��ij���56,� 0��
Z#;78���0��kl��$-

3. �������� Tym	

U8mnV 285����WXY�op��'�� q�
rs,tuvw,;eQ$'A�� 1xyzDrG� {
�|� 1, 3, 5}~�DW�LM����� (20�25�) 4

�n����,� j�7��� !278�X�Dop,
$- {���D Table 3 ��,$- ���~����P
Q;�� �������� 22}��g��� {�V�7
���j��1��0�� �O��M��������n
�'U8���#;Q�[9�j� �����j�56�
��=>1�$$�� 5}�����D��,$-
Q_��'A��eQ;'\~����j�7���l
��$- � !2�78�X�D TLC�ZG�#$�0
A� Q_��~����eQ;' 27�%�'A��
Tym��Q� ¡¢£¤�¥�1�$- 1}~�����
�L�� 6 �%�'A���Q� ¡¢£¤D¥�� 2, 4,

7, 11, 55�%�'A�"1' Tym�¡¢£¤�����
$- Q_�� Tym'¦§LM¨©ª¤«¬®�'¯¥
��$- ,",{���� !�Q_�'�����"#
$- �$ 75�%&]�'A�"1�� j�7��¥�1
�$�'""�1_� � !2�78��9^1��"#
$- 0��� !h7j�56,;Q;'� {�&°�±
�²g�Q���²�j�³´��#$$�����$-

Table 2. Concentration of Amines during “Moromi”
Fermentation

Fermentation
days

Concentrations of amines ( mg/g)

Tym Him Phm Put Cad Spd Spm

0
3
4
6
7

11
19
27
35
55
75

111
217
285
503

�
�
�
�
�
�
�

1.8
2.0
7.2

12.6
13.6
18.9
18.8
17.9

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�

1.1
2.5
2.9
6.0
9.6
9.2
9.8
9.9
8.6

2.0
2.6
1.9
3.7
5.1
8.0
8.8
8.3
8.1

13.9
13.4
18.7
20.3
20.4
23.1

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

6.0
5.6
6.6
5.7
7.2
7.8
7.4

10.6
9.4

10.4
10.5
14.1
17.1
16.8
19.5

�
�
�
�
�
�
�

1.5
1.4
1.6
1.5
2.3
2.6
2.3
2.4

Detection limits µ1 µ5 µ1 µ1 µ1 µ1 µ1

Table 3. Growth of Microorganisms and Production of Amines after Culture of “Moromi” Mash in Salt-supplemented
Medium

“Moromi” mash“Moromi” mash
MediumMedium

1} NaCl1} NaCl 3} NaCl3} NaCl 5} NaCl5} NaCl

Fermentation
days

Growth
AminesAmines

Growth
AminesAmines

Growth
Amines

Tym Others Tym Others Tym Others

0
2
3
4
6
7

11
19
27
55
75

111
217
285

¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶
¶

·
¶
·
¶
�
¶
¶
·
�
¶
·
·
·
·

·
·
·
·
·
·
·
·
·
·
·
·
·
·

¸
¸
¸
¸
¸
¸
¸
¸
¸
¸
¸
¸
¸
¸

·
·
·
·
·
·
·
·
�
·
·
·
·
·

·
·
·
·
·
·
·
·
·
·
·
·
·
·

¸
¶
¸
¸
¸
¶
¸
¸
¶
¸
¸
¸
¸
¸

·
·
·
·
·
·
·
·
�
·
·
·
·
·

·
·
·
·
·
·
·
·
·
·
·
·
·
·

Growth: ¶, growth; ¸, marginal growth
Amines: ·, not detected; ¶, detected; �, detected in large amount
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������� ��	
�� Tym������� �
���������
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�!"

4. Tym������
��� Tym�#$��!%�&'� Tym�()*+
,-�./01234%5�678�� %��!����
9:;<�=>�./01?@A/BC�#$��!" D
�, Tym���=��! 6E����	� 1FGHI
J%�&� 27E����	� 1, 3, 5F�GHIJ%�&
'%��!KLMCN��O��!./01?@A/BC
��P��� Q�R��'./01S�&T%5'���
%��!" D���%�&�U�� TLC'�� Tym
�V'WX!���� �Y��A/BC� Tym'�Z
����[	�!"

5. Tym�����	 Tym��
�
����
�\]'^_��� `��! Tym��'
���Kabc��d� Tym��V'#e�!"

1) pH���� ������	�� ��	��f
g
� hi	jk�
 1�l��m�nZ���omp
q�!" ��g��	�rs�tuvab,-�����
^��!" D�,� ./01S�&T%5'��� Tym

����� Tym��'tuv��wxuvabc,
yz�!" 9{�%5� pH���|}�~��#e�
Table 4 ���!"
��� 2Egpq�!��� pH 4�� 10�,�%�
&���� pH 5��,������ xuv� tuv�Y
��abc,� Tym'��!" xu� tuvabc,
� pH 5��,�Y��� D�����D 140 mg/mL,

190 mg/mL(k� pH�����Y9���Z���
�`��!" ���o��xu� tuc��'yX��
tuabc��������=�������!" ��

���,�����fg
� ��	� pH�hi	{�
5.6����{� 4.8,-�!��'��-����� �
Y��fg����� Tym'�Z�ab��!���
�����`��!"

2) ���� ��	�hi	{� ��� 22FGH�
'2����'���!�� �� 285Ek�&Ts�G
HIJ� 15.5F,-�!" ��fg
H`��Ts`�
 ¡`¢�£¤����m" ¥¦��§¨�GHIJ�
12©16F,-������ GHIJ 1©12F�./01
S�&T%5'��������� Tym�V�U�
�#e'ª�!" 4. ,K��	�«`��!����
w�¬�� 27E����	 1®¯°'%��!���
±²' Table 5 ���!"
K Tym���H`IJ 8F�,��³�´V,�Y
�� Tym'��!" �!µ>�����Z��¶��
� 27E����	,�H` 12F�,ZX��IJ��
�������· ��!�� Tym����!��
7F�,,� D����H`IJ,� Tym�����

Table 4. Production of Tyramine by a Tyramine-
producing Strain under Aerobic and Anaerobic
Conditions

pH of
medium

Growth1)
Concentration of Tym ( mg/mL)2)

Aerobic Anaerobic

4
5
6
7
8

10

¸
¹
¹
¹
¹
¹

�
145
148
144
143
137

�
186
208
168
206
168

1) ¸: no growth; ¹: growth
2) Values are means of data from 3 samples; �: below 10

mg/mL

Table 5. Growth and Tyramine Production of Tyramine-producing Strains in Salt-supplemented Medium

Strain and
“moromi” mash

Salt concentration of medium (F)

1 2 3 4 5 6 7 8 9 10 11 12

6�1�1 Strain1) Growth
Production

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¸
¸

¸
¸

¸
¸

¸
¸

27�1�1 Strain Growth
Production

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¸
¸

¸
¸

¸
¸

¸
¸

27�3�1 Strain2) Growth
Production

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¸
¸

¸
¸

¸
¸

¸
¸

27�5�4 Strain Growth
Production

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¸
¸

¸
¸

¸
¸

¸
¸

27�5�5 Strain Growth
Production

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¸
¸

¸
¸

¸
¸

¸
¸

27 days
“Moromi” mash

Growth
Production

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
¹

¹
º

¹
¸

¹
¸

¹
¸

¹
¸

¹
¸

1) 6�1�1 Strain: strain which is colony No. 1 from 6-day “moromi” in 1F NaCl medium
2) 27�3�1 Strain: strain which is colony No. 1 from 27-day “moromi” in 3F NaCl medium
Growth: ¸, no growth; ¹, growth
Production: ¸, negative; º, weakly positive; ¹, positive
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Table 6. Bacteriological Properties of Tyramine-
producing Strains

Strains (colony No.)

6�1�3 27�1�4 27�5�5

Gram stain ¹ ¹ ¹

Cell morphology cocci cocci cocci

Catalase
Oxydase
OF-test
Lactose

º
º
F
¹

º
º
F
¹

º
º
F
¹

A-Arginine
Esculin
Mannitol
Sorbitol
Ra$nose
Inulin
p-Nitrophenyl-a,9-galactoside
p-Nitrophenyl-a,9-glucoside
p-Nitrophenyl-n-acetyl-b,9-glu-

cosaminide
p-Nitrophenyl phosphate
Tyrosine b-naphthylamide
Hydroxyproline b-naphthylamide
Lysine b-naphthylamide
Pyrrolidine b-naphthylamide
Hemolysis

¹
¹
¹
º
º
º
¹
º
¹

º
º
º
º
¹
º

¹
¹
¹
º
º
º
»
º
º

º
º
º
º
¹
º

¹
¹
¹
º
º
º

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

¼

»
º
º

º
º
º
º
¹
º

¹: positive; º: negative; F: fermentation type
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