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

Akihiro IBE', Setsuko TABATA, Yuki SApaMAsU, Akiko YAsUL,
Toshiko SHiMoI, Miyoko ENDOH and Kazuo SAITO

(Tokyo Metropolitan Institute of Public Health: 3-24—1, Hyakunin-cho, Shinjuku-ku,
Tokyo 169-0073, Japan; f 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 liquid 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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Raw materials
Steamed soybeans
Roast wheat
“Koji” fungus

cultivate
25°C, 3 days

“Koji”
salt water
“Moromi” mash

ferment 1-2 years
squeeze, filter
pasteurize

Soy sauce
Scheme 1. The manufacturing process of soy sauce
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Table 1.
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Y s B 2R, FRES X CBGRBIORE 5 6 5
AD7T I VHHEHE%A Table 1 1R L7, Bihoslds
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o, Wo/NZE, FEEES 53 Tym, Him, Phm 34 < #
H& 4, Cad, Put, Spd, Spm 2t ntz, £/, b
AHDLABITIZE, HKTH BHAAKER NS,
HIABIKDRD DITH W SN BB TS 5, BlEE X
VB b A A EHEICTRTO T 3 vESRES
fo. BTHRETH ZRE, NErSOHREEDONE T
Ivatia ., ol LRSI SN Tym,
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AHIAARFITINA 2 E5 Ik T 2 LTS hc.
W HIAAKE L THEAKERITNA A A EHIAL &2 A
Z, YT Tym, Him B9 cicgETn v 3 E o4
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T7 3 VHOERETHEST S ENTEED - 1.
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A&k E LTHKEZ D EINA 12 b A A EHAR, HEihz
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8% Table 2 IR L 7.

Contents of Amines in Soy Sauce and Its Raw Material

Contents of amines (ug/g)

Sample

Tym Him Phm Cad Put Spd Spm

Soy sauce

Product 129 66 15.4 1.9 9.1 11.8 1.3

“Moromi” mash (for 0 day) 91.6 108 6.9 1.1 16.9 25.5 3.1

“Moromi” mash (for 4 months) 137 158 32.8 1.5 29.7 14.3 2.0

“Moromi” mash (for 10 months) 119 124 28.5 14 30.1 12.6 15
Raw material

Steamed soybean — — — 6.3 5.8 64.2 17.1

Roast wheat — — — — 1.4 6.5 3.0

“Koji” fungus — — — — — 2.4 0.4
Material of “moromi”

“Koji™* — — — 2.2 2.7 31.1 6.5

Raw soy sauce (“Kiage shoyu”) 100 156 5.3 0.7 16.2 15.7 1.9

Detection limits <5 <20 <2 <1 <1 <1 <1

* Mixture of steamed soybean, roast wheat and “koji” fungus cultivated for 25°C for 3 days.
Tym: tyramine; Him: histamine; Phm: phenethylamine; Cad: cadaverine; Put: putrescine; Spd: spermidine; Spm: spermine
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Table 2. Concentration of Amines during “Moromi”

Fermentation
Fermentation Concentrations of amines (u#g/g)
days Tym Him Phm Put Cad Spd Spm
0 - — — 20 — 6.0 —
3 - — — 26 — 5.6 —
4 - — — 19 — 6.6 —
6 - — — 37 — 5.7 —
7 — — — 51 — 7.2 —
11 - — — 80 — 7.8 —
19 - — 1.1 88 — 7.4 —
27 1.8 — 25 83 — 106 15
35 20 — 29 81 — 94 14
55 72 — 6.0 139 — 104 16
75 126 — 96 134 — 105 15
111 136 — 9.2 187 — 141 23
217 189 — 98 203 — 171 26
285 188 — 99 204 — 168 23
503 179 — 86 231 — 195 24
Detection limits <1 <5 <1 <1 <l <1 <1
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SnricEEZA NI, bALPOERENFERIOZ0 -
fcPut iz oW TlF—#AEkas i EsEZ onfk. &
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PRI 285 HE TREFEORMAE L & iz, Bl
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Table 3. Growth of Microorganisms and Production of Amines after Culture of “Moromi” Mash in Salt-supplemented

Medium

Medium

“Moromi” mash
1% NaCl

3% NaCl 5% NaCl

Fermentation Amines

Growth
days Tym

Others

Growth

Amines Amines

Growth

Tym Others Tym Others

I +=F= 1 ++=+1 + |
\

75
111
217
285

e e e =
HOH O HHHH R

[

\
HH+HH+H++HFF+HFH A+

[

[

Growth: +, growth; =, marginal growth

Amines: —, not detected; +, detected; #, detected in large amount
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DT ENDS, bAAFICIE Tym EAELGFEL, Table 4. Production of Tyramine by a Tyramine-
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NS Tym Ot & - 8#& %2, Tym ORIRYIE
Th5F v v UIIPEREE NI RS, BELE A,
Fl—TEROZ DT v v vifEan =—nkhsni. =
CTTymEAERDOEZh -6 HHD S AAD 1% BIEE
FEEEEE, 27T HEHD b AAD 1, 3, 5% O RIGEE g
ZEBRLIZZE L I oEONcF oy viEE T D = —
PORIE L, BICHEERE A F o v v BRI ARE 2 VT
BEHELK. £ 5o0EHERKICH>WT TLC 2 W Tym &
AN EC A, WIhOae=—% Tym 2pEAT
5T EHHAL 72,

5. Tym EHEHEICELS Tym EAERHE

Bk oREABEE LT, DBEL /2 Tym FEEARZ
MOWTEEMEFIcB ) % Tym OFEEREEZRET L 2.

1) pHELUF, BITICEITIEE b A5
i, AAEZOH I PHE»EATE I ELK
L. CORbALONIBIIESHIISETH S T VT
Manrk., 27T, FovyiafkEElzEH T Tym
FEAERIC & 5 Tym DOFEEAZBKIN S L CIFKIIEET T
g U e, RIERICE o pH I & 2528 4 fF 8 TRRETL
Table 4 IZT/R L 7z,

FRIC2HMKE L L X, pH4H» 5 10 £ TOHSE
HBo5b, pHE L ETHEHEBARL, HFRH, KAV
NOEMTFTH Tym 2EA L, TR, BKISEETT
BpHSGLL ETLwWdIhnd, ThEns Lz 140 ug/mL,
190 pg/mL Fitk & pH ICh b S Pk ICEEdT 2 T &
Doinotc. L LRSS, B FOmEZL~RS &
LS N O BHETEEENZ VSR Sz, 4lnl

producing Strain under Aerobic and Anaerobic

Conditions
pH.of Growth! Concentration of Tym (zg/mL)?
medium Aerobic Anaerobic
4 J— — —
5 + 145 186
6 + 148 208
7 + 144 168
8 + 143 206
10 + 137 168
D —:no growth; +: growth
2 Values are means of data from 3 samples; —: below 10

ug/mL

O FEECE o ARMRD, &A% 0 pH WA A RO
5P ORRIED A8 TH- Tl EE2EZHDESLE, L
FHOWRITBWT S Tym 2FEAT 254103 T
W3 LMo 1.

2) EHEBE bAAEMAAN, FEHC 22% &IEK
EINA TR ABAA L 7 hs, Bk 285 HIL ORIAH O &
IR 165% TH - 7o AR AR 5 I [E IR 1T
RBENELARS LT L, SN o AR 13
12~16% Th A Lo, AEEE1~12%D0F o vy
P A A2 O CEAROAF & Tym EAEICO L
TR 2772, 4. TR HAA X NBEL HEARS &
UHBHREO 2THHO b AA 1 A&HARE L XD
fE5% Table 5 1Tk L7z,

% Tym EAREIRIEERE 8% £ THIZART AIRETV S
N Tym ZEEA L. FICEBORMGEAET 5 EEbN
52T HHDO & AAHTIRIED 12% T TIXRTCOREEICE
WTHOEBNEE SN, TymMBEEINDI
7% £ TT, TNL LOESREETIE Tym QLIRS

Table 5. Growth and Tyramine Production of Tyramine-producing Strains in Salt-supplemented Medium
Strain and Salt concentration of medium (%)

“moromi” mash 1 2 3 4 5 6 7 8 9 10 11 12
6-1-1 Strain”  Growth + + + + + + + + - — - —
Production + + + + + + + + — — — _

27-1-1 Strain Growth + + + + + + + + — — — —
Production + + + + + + + + — — — —

27-3-1 Strain?  Growth + + + + + + + + — - - _
Production + + + + + + + + - — — —

27-5-4 Strain Growth + + + + + + + + — — — —
Production + + + + + + + + — — — —

27-5-5 Strain Growth + + + + + + + + — — — —
Production + + + + + + + + - — — —

27 days Growth + + + + =+ =+ + + + + + +
“Moromi” mash  Production + + + + + + + — — — — —

U 6-1-1 Strain: strain which is colony No. 1 from 6-day “moromi” in 1% NaCl medium
2 27-3-1 Strain: strain which is colony No. 1 from 27-day “moromi” in 3% NaCl medium

Growth: —, no growth; +, growth
Production: —, negative; &=, weakly positive; +, positive
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N» -7z, T D ABICEFEEEDAAOMAEY & ILE
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hicbosEZoNt, 8% KBV TREARMEFL
Tym ZEAET 2 AN HIEHORAEICHEIE L 72 b D
LEZoNF., IO LEBRHDEHBOTTIIAETSR
Wod 2, S TEIC L EiA, B ithbh T
5 EMHEERSIN, Bukd Tym EAROEFICRWIES
IR OBE AL L, ftholHEd 2 WIidiHE ORI <
DOEBFEGFONLENC Tym #2ELET 26D EEZL SN
7.

6. EXEOHRELVEDORE

SEEL7c NS Tym FEEAR IV N @Mkl 7
7 LBMIRETH D, AF VY —¥, By T —ERl S
7 b= RESRLUBEEEL, TIT6BXU27THE
Db AHH LY SHEL 72 Tym BEEAR 3 ¥k% L v HEREEE
F v MK DREZEAAS FER A Table 6 1T/R L7, W
FNoa o =—& Enterococcus faecium & [6]TE S N7z,
D& AHPSRONTEHOMRNE L C &SRR TH
v, SEHERIL 72 b AAICEB T B Tym EADFKE X
E. faecium TH 5 EEZ 5.

FH O FATHIC B O THRIE O #GRERE I Tym, Him
MR L £ 0ERJFRKDS, Tym i E. faecium, Him 125
W Lactobacillus [EDOBEIC X 5 T EA2HE L 728, 4
[OEEHIcB VT bEREIC Tym EARE & LT E. faecium
BoBEIh, REDPERO—~REEZL SN, ThET
F—XPV —k— VB ERBERRT D ShEEs 7z Tym
EEHEEE 13 Lactbacillus, Leuconostoc, Streptococcus (Enter-
ococcus) g1 EDFLERE B IE SN TE Y, EROMESE
HickB 27 3 VAR E OBGEAHEER SN TIFWV 5708,
FEEROFRBEHICWO EA BT TELET 20 OFEIE SN
TV, RS ORI, AEoEHTEYD TN HHE
MR T AERRRR & 720 5 B T E AR L 7.
L L, Eicks T &I Tetragenococcus halophi-
lus % &% 12 Pediococcus &, Leuconostoc J&75E2% < D
HABRE DD > TB O, E. faecium LIS\ TittEM: 056
WED Tym BRI KESEb-TWwWE I EEEZI LN
5. mliEIc o3 Tym GHEEZSRIOAE & H
K95 &, ShR&AEOSHE RN 18 ug/g Wiilimo
Pl 484 pg/g? LV E BT bmn T En s, AlEls
BEL 72 E. faecium HHEKIEREO 1 D Tldd 5205, —f#%
KEHICBVWTRIOED EMIChoEAR, Fic T.
halophilus ® & 5 IEMEE T, 7> Tym EAREEZET 2
BWOAGNE D REVWT ENEZ SN,

Table 6. Bacteriological Properties of Tyramine-
producing Strains

Strains (colony No.)

6-1-3 27-1-4 27-5-5

Gram stain + + +
Cell morphology cocci  cocci cocci
Catalase — — —
Oxydase - — —
OF-test F F F
Lactose + + +
L-Arginine + + +
Esculin + + +
Mannitol + + +
Sorbitol — — —
Raffinose — — —
Inulin — — —
p-Nitrophenyl-a,d-galactoside + + +
p-Nitrophenyl-a,dD-glucoside — — Ly
p-Nitrophenyl-n-acetyl-8,b-glu- + — —
cosaminide

p-Nitrophenyl phosphate — — -
Tyrosine S-naphthylamide — — —
Hydroxyproline f-naphthylamide — — —
Lysine f-naphthylamide — — —
Pyrrolidine 8-naphthylamide + + +
Hemolysis — — —
+: positive; —: negative; F: fermentation type

* Results of RapID STR System

7. EEEORZE

A Tym EAEROHRZEFNT 2 Hiuc, #EHE %D
Y#icbWwT, "ETHEOREMES D, thh
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LTIHEDEEBL TV, EREFELTWED -
b EB b, E faecium % ST IGERE Enterococ-
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TICbARPEHRERICHBES N, TORKEE L TiEbh
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