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Studies on Preservation of Soy Sauce

(VID Enzymic Decomposition of L-Glutamic
Acid and L-Aspartic Acid in Soy Sauce by Lactobacilli

Yoshio Hanaoka
(Central Research Institute of Kikkoman Shoyu Co., Itd., Noda)

The decreases of L-glutamic and vL-aspartic acids in soy sauce were studied and it
was found that these decreases were caused mainly by the amino acids decomposing
enzymes produced by holo torelant lactic acid bacteria grown in soy sauce.

And it was also found that the amount of these two amino acids utilized by
Saccharomyces rouxii var. halomembranis, a common yeast of soy sauce, was found to
be small. These conclusions were obtained from the following experimental results.

1) Sixty five strains of lactic acid bacteria were isolated from rancid soy sauce
containing 9% NaCl.

Among them, strains number 2,7 and 17 were found to be capable of decomposing
L-glutamate, L-aspartate and both amino acids respectively.

2) Four strains chosen as representatives of L-glutamate, L-aspartate, and both amino
acids decomposing strains and non decomposing strains, were studied taxonomically. They
were all Lactobacillus Beijerinck, homofermenter producing pL-lactic acid.

3) The cell-free extracts from these cells produced CO; and L-a-alanine and L-y-amino
butyric acid from vL-aspartate or L-glutamate respectively. No liberation of NH," was
detected. These results suggested that the enzyme catalyzing the above reactions are
L-aspartate-4-decarboxylase or L-glutamate-1-decarboxylase.

4) The optimum pH value of these enzymes was 5.0, and they were stable at 3°C
in a pH 5.0 acetate buffer solution over a period of 90 days.

5) These enzyme reactions were inhibited by the presence of sodium chloride in
acetate buffer solution and soy sauce.

6) The L-glutamate-1-decarboxylase was almost inactivated by heating at 80°C for
10 minutes and L-aspartate 4-decarboxylase was inactivated at 70~60°C for 10 minutes.

7) The intact-cell of No. 30 strain decomposed L-glutamic and r-aspartic acids, but in

the cell-free extract only of L-aspartic acid decarboxylation activity was detected.
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E. coli®, Clostridium welchii®, Rhodotorula glutinis® 123 -7 v I VERL D Lva 73 ) Kik:t,

% 7o Clostridium welchii®, Nocardia globerula®, Pseudomycobacterium®, Pseudomonas sp. st—42% %
LT EVEED La 75 = v EhRT A RREBHELEET 2 CEBRESN TS, KL
BimEDIC L 2BMbhO ISV g I VBOME, EARICOVTHEL T A,

UL, WE 7 Lactobacillus 137w s I VB, TR ¥ VBORRBEBEREEET 3 ETHOMERTL.
AOEEFREAERMICHEME L oMLY X Lactobacillus #4238 L, YABELBHMPO I v E I VEE, T
285 X VEEABRIICRKRET 2 XY, 2, SOMREZOTHET 3.

xR KB &K

1. RERHRTOER

) 7/ Bu$ KLASHE 73/ BEBMREHERAY, EBETE- k.

2) IS IVE, TANRSFEURE g 2 VRIS E. coli, T A5 ¥ VERIT Pseudomonas sp. st—42
OHEEL D znENHE L RREEBERERLFERL, Warburg BFEsHckD, £KT2 CO: 2B ICAE
L, @73/ BEEELE.

3) AB BESVOHEAERALK

4) ZOMO—BES  —BREHMTRICX DT 5 e

2. BOAM, AE

BB L 7o f3E6, 9 WA HRE, FRbC, FAEEHRICID OFOEMAFER LT, 30°C, 4 HREE
LTAzau=—XDEADH L. iy (Bllg10°) &4 %Em (T.N.1.6%) 2ZBRAL,
pH 6.0icFH, 15lb, ISRE L - dOE2FEA L. FAFHFKELTR, T FY¥1%, B +20.1%
BLURES, I%EEFDODOERRICREREML /2.

EOEE IR & ki LTI - .

3. TNEIVE, TARSEUEBHRREBESHONEE

B, AREFEEME L TR, KEHCER (BE4%, TN 1.6%) %210%, 7L i I VB, TAS53FEFVE
£ 1 BAEEML, pH 6. 0IC AR RE®RERL .

WEEHIC BRI Z R L, 30°C, 48BFHRTSEAL, ChZAIEBOMICT RN, 30°C, 48HHEHEHE
Ufe. COEEWAZRILL, ZBEEEEBEREKCTHREE, BBREHE (pH 5.0) BBX¢, B3k
(20KC) Tw1ormEEl, BkX B e U, MEBEERILL, SERBEEE LU THERL. TBC0®
fEIZ TN TECLTIRTITRY, & ABRBEBIZICICREL 2.

COBRIEBEROEAITKE Y — & -Folin E6EICIVAIEL, BFERSE%5mg/ml KEEL, th%
BRERE L.

4. FI/BOR—R—-HAIPIFTT 4=~

% & LT te BuOH, Formic acid, Water (75, 15, 15) A FUWT40RFIREAL, 0.2% =k NV VIKKE
CTT I/ BORARy P EREBLU. TI/BEBII5~10ug 75X 5CARy b LT

5. BERS

HELLTRIVE I VBT T A5 X VElmg 2ErEEEK (pH 5.0) 2.5ml it L-%%E, BE
BE LTI EE O 5ml 2 AL, BRIIGIRITC, 304347780, 43 % CO: & Warburg BEZHTT
HEL, thihEBRAORKBEZHIEL /.

EBRERLER

1. FMENMEOE AT
B IFERICHARE, BhUITbLERER (F & LT Sacchromyces rouxii var. halomembranis) @
WRERICHY 2 BHORSE(E Table 1-a, b IK/RL 1.
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Table 1. Component of soy sauce after the growth of lactic acid bacteria and S. rouxii var.
halomembranis.
(a) (b)
Sample A B C Amino acid A B C
component
NaCl 9.35%| 9.45% 9.30% Tryptophan 1.5 1.5 | 0 mMol
pH 4.85 5.15 4.30 Lysine 33.0 32.0 49.0
R.S.D 3.84 1.79 1.17 Histidine 5.5 6.0 0
T.AD 1.24 1.17 3.37 Ammonia 30.0 35.0 55.0
Vo.A® 0.13 0.10 0.18 Arginine 9.0 8.5 0
EtOH 0.89 0.68 0.82 Cysteic acid 0 0 0
Phenol® 0.79 0.79 0.78 Aspartic acid 33.5 34.5 0.5
T.A. 1.24 1.15 1.22 Threonine 16.0 18.0 22.5
Serine 31.5 26.5 34.5
1) % of reducing sugar as glucose Glutamic acid 77.0 77.0 0
2) % of total acid as lactic acid Proline 31.5 31.0 34.5
3) % of volalile acid as acetic acid Glycine 26.0 22.0 30.0
4) mg/ml as vanilin Alanine 45.0 | 32.0 | 76.0
A: Control Cysteic acid 0 0 0
B: After the growth of S. rouxii Valine 28.5 24.0 32.0
var. halomembranis Methionine 6.5 5.0 6.0
C: After the growth of lactic acid Isoleucine 24.5 20.5 26.5
bacteria Tyrosine 4.0 3.5 0
Phenylalanine 17.5 14.5 18.0
Leucine 39.5 31.5 40.5

COE LD EHSDRERITERPOBITEORY, CO: 04K, pH O R SN B, ORI
ENGERAME EDEIREEAER LNV, Ui U FLBREHERERICE BEORD, CO. AROLER, pH
DIETHE SN ZMIC, TryE=TENDORKA, 73/ BESOENL, EIKINVEIVE, TANNTIF/RO
BLETS=vORMMBRONE. FE OB CABEMEHL 72BE, BT OmT 3/ BoBRES
-t

DEFRINOOAUBEEHR LA 6 ~18% D%
Eific 5x10°/ml #HEL, BEIC/ v I VR,
TANRGFVBEEERL, TOHKEE Fig. 1 i
RlLfe. ChXVET I/ BESEEBEOREM
E L BITHBRIFLT S, THLABEIIRE
15% L L3 Eimhic B0 THEBLEOLIC S b

mg/ml

Aspartic - acid

bo¥, AKIS, 1BFORMNOTT { / BbsH g
DT HERID, HOEFOLHICHT I/ &Y é
HEINZOTIEEL, BENOBRICK D7k 2
INZHOEHRL .

2. HMEOMESEEONR Days

TR IVER, TANSEUVBORBA LB Fig. 1. Relation between concentration of NaCl
S L D ISR B LT o O EIEED in soy sauce and decrease of glutamic acid
. . .- o aen e and aspartic acid by lactic acid  bacteria
SHLINVE IV, TANRTFVR, BLXURT cells.
I/ BEENTNET HHET, 17, 2KREZ . — . NaCl 18% ——+——: NaCl 12%
DRI T I / BB ALEL - 2. —.—: NaCl 15% — — —: NaCl 9%
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7272 UMBRBIIOMEASEIOREmicERE L, 30°C, 10HMEERSITETRE -0 TH 3. HREEAET
ZEHD LD, DMEEOHNID, THHERLT 27T I/ BARBRICAEL, SHECRL s 28kErZ
NENIEE, SH3HESMELZELLOVE 1 KRIC OO TUBRORESER ST - /2. BkO& No. 13-o¥0Di#

DTHA5.
T a I VEBRREE BT B No. 29
T ARG EUER ” No. 51
W7/ ” No. 30

T/ BEBSREEEE LITVEK  No. 24

N OHEBO—BRIUEIZ>EDOBD TH 3.

Description of four strains.

Rods. 0.7 by 1.5 to 3.0 microns, occurring singly or in short chains.

Non motile. Gram positive.

Agar slant: Growth, faint. But No. 29 did not grow.

Broth: Turbid.

Gelatin stab: No. liquefaction

Litmus milk: Not changed.

Catalase negative.

Nitrites not produced from nitrates. Starch not hydrolyzed. Pigment, indole, acetylmethyl-carbinol and
hydrogen sulfide not produced.

Lactic acid produced but COs, acetic acid and ethanol not produced.

Temperature relations: Opt. 37°C, Max. 42°C Facultative anaerobe.

P EOHERITBE OB AEMIC No. 29 BEEBAEST FHSELE 45 heart infusion broth (H.1.B.) 2 %% &R
MUTITIE 72, 8% No. 20WHIZBEFOAMBEAEMICIAEB S, H.LB. 7035 L LOEmARMT
BHLEMBEBTELETS S, 12 L0 BRIV Th b EEOLBE AEMICEE T 25, #HBIZT~<T No.
298 & Rl— DA A U .

OEFICEm (A4 %, T.N. 1.6%) 10%, 7 Fo¥ET7 BEMOBIEROIBAERIEH %A, 30°C, 108
IR OEEEICH T 2 LB ARREZ No.24 : 81.8%, No.29 : 80.8%, No.30 : 77.2%, Nobl : 81.9%Tdh
O, FAERFERIL Zn HOBEKIVTNT L BTH -7, FoEMe UEBHEROES, £REI212
FAEETH-TH, No. 24 EKLUAME CO: DAERDR DN, TR vE L VB, T2 ¥ VBESENR
WEHIE D3 CO: ZERUISNCEDSHT I/ BOBRBICE DERT 200D T, BIOERT 2 60T
RO EHEREIN .

PDEDOKR, 48#kE b pL HEEART % homo B Lactobacillus Beijerinck KB4 26D TH 5. ¥
BEXR, WOBBUL LIV X OBRHOS ARET2ELTH 2.

INSOEKEBVTN S EMPOREMISHL L TRABRAD S, FROBAIIKCS - 1.

3. R4 FBEWEEOEHEITIL

155, 10, 15HOEEIIC Atk 5 BEMIT0C, 3 ARIFIEE L1 4 BikAE 2 hENn5x10°/ml 1C7 3 & 5
ICHEREL, 30°C, 15AMBEREEFHRIOMTEFTEY, ZOE%E Table 2 iTRL7:.

TROLIARDERBERERE OB AICE L, BKISHBOBSICRABRDERIZED SN, LhLIs
FEERIHTT TR 4R E SABRERRIVED SNT, BOOHEMIS 3ICbhhbod, vz I VEk,
TARNTF/BRESBRERKOEAKL, HERIETTIHENENRIOBED 1.

4. HHBEREBEOMR

LIEDHERE D No. 29, 30, 51OKEICIEhENS v g S VB, TR 5 XVE, 37T 3/ B
BEEAT 2BRO FESHERNSNE 10, SXCERBKL D BERMRIC L) SBELRM L. 20RE
No.20iz 7' v 2 3 VESRIEYE, No.30, 5LIZT 2,95 & VERAMREMOBEL AR L 1D T, >XiIcch Off
RBDHEEEEMET U1, 70721 No.30DBKIT intact cell TITT 3 / BAMREEA T LT s, BilkED
AFRERISHAPICIE 70 5 S VAR RIS, BN ATRE LS TS - 1o LicdinT
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Table 2. Component of soy sauce after the growth of four kinds of lactic acid bacteria.
(Incubation time: 15 days)

Strains NaCl | R.S. pH |Titrable| Acetic | Lactic | EtOH | Glutamic Aspartic
% % acidity* | acid% | acid% % acid mg/ml
No. 24 5.0 1.8 4.0 46.2 0.16 2.77 0.63 10.4 8.4
29 ” 1.2 4.2 47.0 0.14 3.22 ” 0 7.9
30 ” 1.0 o 43.2 | 0.16 | 3.16 ” 0 0
51 ” 1.5 4.1 48.8 0.13 2.94 ” 10.2 0
Cont. ” 3.5 4.8 16.0 0.15 1.50 0.71 10.3 8.3
No. 24 10.0 2.8 4.3 35.7 0.13 1.80 0.56 10.8 8.3
29 o 1.6 4.2 41.0 ” 2.52 ” 0 8.7
30 ” ” 4.4 30.3 ” 2.65 0.57 0 1.2
51 " 2.4 | 4.3 | 34.7 ” 2.13 " 10.6 0
Cont. ” 3.5 4.8 18.7 ” 1.34 0.63 10.9 8.8
No. 24 15.0 3.4 4.7 21.3 0.10 1.13 0.53 10.4 8.4
29 ” /" 4.8 19.2 0.09 1.09 0.56 7.5 8.2
30 ” 3.3 ” 19.6 ” 1.15 ” 9.5 7.7
51 ” 3.4 ” 20.0 0.08 1.00 0.52 9.4 7.4
Cont. ” 3.5 ” 20.8 1.00 1.25 0.56 10.2 8.8

*: 10 ml of soy sauce broth was titrated N/20 NaOH ml
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Fig. 2. pH activity curves of glutamic acid and A B C DO E F 6
aspartic acid decarboxylases.

——: No. 29 strain glutamic acid decarboxylase Fig. 3. Paper-chromatogram of amino acids.

——: No. 30 ~ aspartic acid ” . L-Aspartic acid

...... : No. 51 ” ” ”

L-Glutamic acid
L-a-Alanine

No. 30 HOBERARIIVBAEEE L TR T R/% : L-y-Amino butylic acid
S EVBOAEER L. After enzymtic reaction by

Towy

. E: No. 29 strain extracts (Substrate G.A.)
1) opt. pH, pH ZEt: —ROT 2/ Bt F: No. 30 ” ( » AA.,G.A)
IREREER & 12U ARICT T opt. pH i35.0TH G: No. 51 ” ( » AA)

o, DXRT I/RICHTIRT I BEEY
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% pH6.5~8. 5[] TRE LicB ST ik b 2 OERERY I, - .

F 103 DOMRBIIFBREEHER (pPH6.0) thT, 3°C, OAMRE LK, HEHOEBETIRESKLH» -,

2) ERER  HBRERICREEZ I/ VvE IVE, FRRTANIFVRE L TEBRKEITC, 2RHE
ARk, BOUEATFEY, FAL, PRICOVTR—S— . 70 5 7 4 —iC& D USRS ERET L
7o ZDFEIT Fig. 3 IGRTTEL, LoV I VBED vy 73/ BEE, LLTANNSEFVRID L-a-T 7
= VEERT A CENESHELL 7. LichHi- T No. 29 B@ikkk D8 7-BE# (3 L-glutamate 1-decarboxylase T
B0, ftho 2 GEDOEEEIT L-aspartate 4-decarboxylase TH 2 T EMH LM EN - 1z,

3) AKRKEIOBECBLIIIHE BREEERRNT 2AEOGHEES pHb. 0 OFREE K, Bihh
THRETL, #OE%4 Fig. 4, Table 4 itzhEhRlL k.

THHLLEREHEDICET 2 BKAEBEL 0~20% & L, SKIZ37TC, 30T VARKT 2 CO: XX
ISP ERARS 7. F I RIGEIC BT 2R ERIIN0.8mg/ml TH 5. S ICEHBDICED 28481, SRE
BE 3 ~15% DA BMCERAREZBEERIN0. 8mg/ml 1223 XS KEML, X S5IKEZEFREHKD BT,
2x10°Mol 12723 EH5HINL7z. ChoDE %30 CITIREL, BENICEET T I/ BAEERDICE
Bl

Klein 520 SN ZEAERIZT 3/ BBRIBEAENTHIEERELTOVS. LhB-> TFHRABRE LTE
BER, 2moREEMTH 23 n-buthyl-p-hydroxy-benzoate 1€\ T EEH A FMIBH KD CTRET L 7o RIZ
Table 3 IKRT T &L, BEMFHICEREELSIRNOL T EHBEL K.

Table 3. Effects of benzoic acid and n-buthyl p-

hydroxy benzoic acid on the amino acid decar- 100
boxylase.
Inhibition ratio (%) *
Reagents | Conc. substrate Glutamic Aspartic acid -
Mol. No.20 No.30  No.51 =
B.A. 2x1073 95.8 94.2 101.4 o
y ~5
’ 2X10 . 99.7 98. 4 103.3 o 50
BH.B. |2x10°° 92.8 98.9 103.5 =
o]
©
o~

Fig. 4 THoRITEL, AEBEOBIME LDICEE
FEEAREELSZF, No.5l, No. 0DXERIIAIELS,
20% CRUREREEIZIZITSEAITIER T 5 0%, No. 2008 %13
BIE20%DIEHERIC BT bxRics L20% O BAFEE: . .
AR L7 5 O 15 20

NS, . Conc. of NaCL (%)

OXICEMDICEBT 2 atEick ARERERREIR Table
5 CRLK. & D intact cell ZHWKIBAITIELSS Fig. 4. Effects of NaCl in acetate buffer solution
AEBEOEMIIC BT, 7/ BROMEAED S (pH 5.0) on glutamic acid and aspartic

’ b ; acid decarboxylases.
NI L, MHEEED BAKIE No.5l, 30 DE#R
BaE12%, No.29 OBEFRIZ 9B ThRARBRERRBL Sk,

CORBRKERLD 2HWHRO T A5 ¥ VB EBERIZIIREA—OREDREZT 5 b0 LBOND. FNT A
5 X VBAMRBRR SV E L VESEBRICKL, FRBERP TREIK X VIEELZY 505, BllibTidd
DORERERL .

) Rk BKE  BREASng/ml OBEEERREICT, 50~80COKRB TION MBEETTIRL, BAF
EHARE LR % Fig. 5 ICRL .

+THbbEIVE I VERMRBRIZT A9 F VEBMERRICHL, BERERA SV, 80C, 105 0OEMLE

L DEE L. 2EKROT 297 £ VEBMRELRBNEICH LIZIZRROEDNZRL .
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Table 4. Effects of NaCl concentration in soy sauce on glutamic acid and aspartic acid decar-
boxylase.
NaCl(%)
Strains Substrate Days
, 3 6 9 12 15
No. 29 Glutamic acid 5 1. 0% 1.1 90.0 | Not decreased
10 0 0 46.1 ”
20 ” ” 1.0 ”
No. 30 Aspartic acid 5 80. 98.9 | 100.0 ”
10 40. 60.3 ” ”
20 0 0 ” ”
No. 51 ” 5 ” 40.1 ” ”
10 ” 0.9 70.3 ”
20 ” 0 1.0 p
- 3 3] 100
EEEBRORIER, BhhOosrvi IVR, TANT _
FVBOEARED DIV, LBEBIEEROBRIE &
o7 3/ BEBWPSHICEDT Z. COREICDOOTH 2
BAETENDOEORRAEZ Tz, %
1. BB U7 EEEEE hrh & 0 48 U 7o FLEREE65FR O o
CoE VB, TARS R VBB ROWT 3 B o V0T
T2HDETNENT, 175 L0 2 EHRED 2. 5
2. &7/ BAMREOROEK THDLIVE Y iz
BB No.29, 7 A/¢5 ¥ VB @itk No.5l,
7 3 BB No.30, BXUmMEL (AL
Bi¥k No.24 3L d oo UM% 4ART 5 homo MO No.30 7
Lactobacillus Beijerinck KB3 2H Th - 7. 56 70 80
3. IS 4 EMRIIAEIEUEOBHM TIRAEBT TS Temp. (°C)

F, FHERERTD, YEHCEABED intact cell 2
Bnd s, FVvEgIVER, TANTEFVER, F03@7T
I/ BBRBOTECEND, BHOABIRIDET 3/ BH
BT 20T, BENCORESY, YUSGEETE

RO REBEORKAL L BICET T2 EHBHOHER - 1.

Fig. 5. Loss in activity of glutamic
acid and aspartic acid decarboxyl-
ases at various temperature.

4, 3EHOBRIVEMELHRHL, COBERICOVTO2X¥DCELEUEEET 2 C &R IN.
) MEBZIZOINROBREBEETH, LIVEIVEERD Ly T/ BB, LTRAIFVRED La
75 = VIR Ltz 7272 L No. 30 @itk intact cell TIIM 7 3/ BADHE L71chs, MBBERICZIvE 1Y

ERMERERFAE LIS A - T2,

i) MEEEOMEAZEE pH 35.0TH 0, MEEREIC, WAMORFICK DEROETRR SN - 7.

i) MEERICERBT IZERRELEL- .

iv) MEEERFREEE, BhbhoRBIckVEISEESZD . i LR I VERSREERIS0C, T
28T ¥ VEAHBERITOC  70i360°CHL03 DEMIIC K D KTE L7,

ABELRT TN, BERrBbF L SHRTEREEL, TRRE AREORRLITINE UIoRHEIH
BELL, T BMTETE-TFIOE LABREAXE, BOoCKAZBRCHEBNICE & LpBETE, K EEBE

CEEARLETET.
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