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Studies on the Shoyu Anticeptics

(IIT) On the Antifungal Actions of Sodium Benzoate for Tamari and White Soy Sauce

Tokuo Takeuchi, Takeo Amano and Hisao Yoshii
(Food Research Institute of Aichi, Nagoya)

The authors studied antifungal actions of sodium benzoate in Tamari and White
Soy Sauce that have a different constitution and quality in comparison with common

soy sauce.

The results obtained were as follows:

(1) A quantitative determination of the amount of sodium benzoate in Tamari
was made by the use of ultra-violet absorption at 225mu. And it was considered that
the soluble state of sodium benzoate was stable in Tamari.

(2) In Tamari and White-Soy Sauce, the antifungal activities of sodium benzoate
were about 1/25 as compared with p-hydroxybenzoic acid-n-butyl ester.

(3) Antifungal effects of sodium benzoate were intensified ingeometricaly by the

addition of sodium chloride.

(4) The antifungal activity of sodium benzoate is greatly influenced by the medium
pH, because 2.6 times as much as sodium benzoate were necessary in Tamari and White-
Soy Sauce having high pH (about 5.20) as for common soy sauce (pH :about 4.70).

(5) The antifungal activity of sodium benzoate was confirmed to be due to the

undissociated amounts of benzoic acid.
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BfE, BEETLIIHMREAINTVIARRERNR S T3 REBRTF v 251 (POBB) &%
DD =27 Vi, BREBREZODF bY v uatE BA, SB), v42 312 Ky (VKy) O3ETH B, ik,
HHEOED 5, EBEIKiZ P.O.BB. OEMAIKESZ LD TNS,

Ud U, POBB. T\ Td, ZOBMBAE, 50N, LI >HO REFHRIL TS TH 5D LIZVAIN,
T30 b, BT, BESOCLVWIEED 2BEE L, BE#IZ, LI>HoECRE >, BREER2EISEL
», POBB MNEBEOREARKATIE, & JICEAMYTH D MRS L BHCREYIO, EERSTIZY ~
TEBPO—RE 725, Tz, BEMDEFET 2 esterase LI DOTHEY I N, WHZERL, RECKET
AR IV Y ,

V.Ks 3EEEFORERR, PN —FBOBERETH Y, »o, LEISMROT NI LT
KIED X IIIE LN E 5 ThH 3,

PlED XS IRU & 5 DB #EIT DOV TIZENIERITE U,

FEOLIX, 3&IT, POBB. OFHEARICONVTHREIO LT, R TEASBLBBETHH, RinS
EVBHEBICEBDTH DD, BN, X, L5NCHEBECHNT, SBLLIOSMET e, BE/s e
BOFE UL, HOL SHM~DSB.OGH LW ) BN TEBNSHEBRZ LIRS OVTHRET 5.

¥ B F X%

I S
L UAREHEA, IKHROERREE LT, —BLL5H, ENRERETRSMIUIZE O,

c BUXO M : YRS, EBTEEBLIZE O,

. S.B.: REAABFKKEGE, RHRICHETS 0,

. P.O.B.B. : B/ LB, RRASE, n-butyl ester,

. TS

. RO BEERZ, L& 5 MORED itk

. SB.ORIE : ERMEICRTHETREEQR-50REE I LE T THE.

3. FEMEEERE (FHEEURD> O M U7 Zygosaccharomyces salusus HE5ERE) OREMHILRER : sV URREIC
Lo,

4. BERE (Zygosaccharomyces major, Saccharomyces rouxii BFHFERFN-8 #F) WGEBORE : IFER»Z DT &,
b USIRMRUT, BB EPO-BR Y 4 b4 ~FOEEMEER CHIE, 660muDO.DITTRL, HEIIFARITS
MBL2ROWEHEEITTRT.

N = N W 00 N~

= B & B
I. BEO—BIFER
AEBTHERUZE, HUL S MO—M0HEIE Table 1 iTRTRODS DT, WHL L S MEHELT,
PHEIZHE & 3 1@,
. #EAOSB.OEEE
S.B. DRI,

Table 1. Chemical compositions of samples.

B L> 5 B.A X HIMA

Bé T.N. | NaCl ‘Pure Ex| pH ‘ TS. | DS. FITHIH, FS8LT,

Tamari 22.93 | 1.37 { 19.82’ 16.47 | 5.05 — — TN TRES A%
White shoyu | 26.48 | 0.70 | 21,16 | 24.44 | 5.25 17.74 | 15.46 ERBECRINE S

¥, FeCl, CuSO, 5

ure Ex. : Dry matter at 95°C eliminated NaCl.
P Y 8, W BHES

T.N. : Total nitrogen by Kjeldahl method. e . ;
T.S Total : 1 yl Jd 1 (2hrs. hydrolysis) EVHE. LIIL
.S. : Tot t s glucose 5. olysis).
otal sugar calculated as glu rs. hydrolysis BY DB AT b 7
D.S. : Direct sugar calculated as glucose.

e, EFEHELIZSB.OD
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Fig. 2. Ultraviolet absorption spectrum of 5.B.
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Fig. 2 DT &<,

Fig. L.

Sample (4ml)
lAddition of nH SO,
(lower than pH 2.0)
Extracts with Et O
} (25ml. twice)
Wash with 20% NaCl (20ml)

|
Wash with HO (ab. 5ml)

4

Extracts B.A. with n/10 NaOH
1 (25ml 3 times)

Fill up to 100ml with HO

i
Measure O.D. at 225mu by
spcetrophotometer
Determination of S.B. by

spectrophotometric method.

(&) Tamari4-S.B.

(1] - e
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and Tamari.

BRI & 2 BB DWW TRE L2, 53, LE 5 HAHDOBADEBREX DWTIIEHRS OBREVBH 5.

1) SNFEROKE : Fig. 1 {WRTHET, SBeHBL, RAROEREITET 5 RN 2RIE LIRS
S.B. (NA@®) i3'225mu iTH{ADPTIN 2R L, MOEETIRMITER2HPT 2. HEPE
BICHELULERE (KF®) 3 220mp O ZHBAE UT, BEETRWA0hBL 21T, BMCABED
SBRBRLHAE LR (MF®) 35X 5 ERAPOE@DOD.2MELIZEEICIZ LA E—HL, Fig. 10D
BVEFET, EAROSB.ORIEIITETH 3.

L L, EOoMEXicd, SBORNEEILENT, »hORRERL, 2, IBFKHFR I DTFg 30
TEL, BREE L RUE EAAN) OREITHUT, BARNPENTIDT, KBTI DHETIHEIZ
23, SBORMEFOF 2NEE UTERTALENDH S,

2) S.BspEiENediy : SB.OEMEKK % Fig. | OFETUMEL, 225mp, 230my, 235mu0% i EOEEH

WMPENIERIE Fig. 4 TR30LL, RELRERHH
UTERITTRENS,

3) EMXERBE : WP OS.B. DEIRFRT OFERIE Table 2
WRTTEL, BIFS%LUARDRETHET2 5. IHAER
B2, FORETHIHRETH 505, RERICIEZITULIINDT,
BORTRERYSE S, RESRS 25D T22mui TH
ETED LN,

. SB.o@ETxd % EEfpEE

THHRET, SBOBMOBEEFIFPR2HARLI.

TInE

S.B. 200g % ¥7k#y 500ml |TPEME, #5000 iz Fmns 5.  S.B.
Nz TY=R 8 Cic 2y AT () U THAM®ESB.
BE2HFELUIFEES Table 3 1R,
Table 3 5L LS, SBREICLBERETH
2T, KANWREICHE L, FLBBTE, EXAN
FHTHERTRETHS. UL, BB, SB. 25mML

T, KANWBEZBDIIHE,

60, 70, 80°C Til i&f#

S.B. BRI U, FIARIZETT S, ZOH%E, SB.O
BOBEIEOERBD LB TH Y, SB. 3&8SH
DEITHEIND EHET 5.

0.D.

0.5}

! /\Wllitc-shoyu

Room temp.

e,

T g o

L

—

220 230 240 250 260 270 280 290 300 310

Wave length (mg)

Fig. 3. Changes of UV absorption spectrum by heating.
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IV. S.B.+ P.O.B.B. OFi#h, B5EHe:
B, ALX >80 CkANDELETP.O.
225 BB, SB. 2525 (BELISMH) LU,
' / EEic, P.OBB, S.B. BEEHIL TR
L oMb A—RHTAKANT S, DT,
BEELL S WmeMRAEL L SHT 2ml HE
TRRL, @71, EREE2ALUL5HMT
235ma 1 Saccharomycess rouxii N-8 2.3, 59> L3R
0.51 ERE TR Ut B 0. Iml DR,
BMRELT, mBE2RAET, 30CFrEic
ANT, EBREBERORERE, 250N N-

8 DIBERE 2B, HELI
ZOiEEIT Fig. 5, 6 1Tik3TEL, SB
‘ . . _ ‘ DIEOFEMER LR 172 5 OV BERF OIFEIE IE
0 100 200 300 400  500.g/ml BA3ha{, POBB. DI3T1/BBET

0 4 8 12 16 20,.g/ml (Final) b5

Fig. 4. Standard curves of S.B. determination V. SB.OSTCES L33 A0
A%, UL EBaEREORMI,

O.D.
1.0

230myt

Table 2. Recovery of added S.B. ANEGOET BRBLIC LD
T, s OB DB, T
No. Added S.B. ug/ml 1 Detned S.B. ug/ml | Recovery % DL BBEEERET 5
i 500 | 492.0 98.4 BRI 5 &, —f
2 400 | 427.2 105.8 M9 Z DIFEERIZEI S 5.
3 300 ) 297.8 99.3 S.B. OHMIEAVEIRIZ LD,
4 300 j 305.1 101.7 Wi ATERT, 2 LT EOR
> 400 | 1190 10.6 FEMRE A RS L &K
) 6 500 | 492.0 98.4 FlLED 5 & B30 5.
LEROBE»SL, —EEODOH
Ud s iz saEBmEcmiy,
Table 3. Method of S.B. addition and its recovery. SB. ZiEM, S0CTHEL, BEOMERLH
EUNKERIE Fig. 7-1 o@BYThb, 7.2%
No. Heat condition pg/ml | Kecovery (%) DAKBEITISIT 5@@%%5&&3“5’? 0&L
H- 1 50~52°C 4223 100 T, RAEBETIY 2HEIEELHEL, SB.
H-2 60°C | 385.4 100 DHEHICH T A 2 BREOHRZ2HRT 5 &,
H-3 70~72°C L414.1 100 Fig. 7-2c &<, &3 S.B OHEEVER
H-4 o8IC | 4% 100 TR UT, AR L, B ORI
R-1 | non (22.5C) 414.1 100 REBEDS.
o mmelmeadiC ) S 100 $70, SEAEBEICS 2 SBOMMEER
- : 4 at 40° 18.2 100 — .
R-4 at 50°g 426.5 100 AR, Fie 75 orIl, SBOREC
R-5 | , at 60°C | 410.0 96.8 LBy (FEDNAY) (B OBIERmE I B .
R-6 | 2 70C | 3854 91.0 VI. S.B.OZAICHs KT pHORME
R-7 | P at 80°C | 340.3 80.3 TE L L OMITHE LT, pHOBEWVE, &

Ud Mz 2S.B. OFEIHEB L L 3
IZDOWTERUIZHA S OFE VYR h/hS

L
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484 wR WE, XE R, §H A# (BT £ 41 3%, 1963 &
f‘ﬁﬁ;’ﬁa:rd Observation (days)*! Innibition of P |p a1 1o the
Dilution ng/ml 1 2 3 4 5 6 7 8 "9 10 compared with efficacy of M g
shoyu

0:20 | 0 | + + + + H H H H H H
Control 0:20‘01i++++++++++i—+++1- — —

M* | 2:18 | 4 | — & 4+ + + H H H H H

M, 4:16 8 - - - = 4+ + + 4+ H H

M, 6: 14 12 - - - = = - - -~ 4 4+

M, 8~12 16 - = = = = = = = = = R —_—

M, 10: 10 20 - - - - = - = - -

{ T l 4 4

M,, 20: 0 40 - - - = - - - - - -

Po¥  2:18 | 40 | = + + + H H H H H H S —

P, 4:16 | 80 | £ + + 4+ + H H H H H — —

Py 6:14 | 120 -+ + 4+ + 4+ H H H H P, <M, 30=—

P, 8:12 | 160 - - £ + + 4+ H H H H M,>P,>M, 40>—20

P, 10:10 1200 | — — + £ + + + + H H P,<M, —=25

P, 12: 8 | 240 - = - - & + 4+ + + + M,;>P,>M, 30>~—>20

P, 14: 6 | 280 - - = - = = = - = = _— _—

4 P { ” ”

P,, 20: 0 {400 | — — — — — — — - _— _ — —

*] — : Film yeasts were not observed by the naked eye.

+ : Film yeasts were not observed clearly.

+ : Some film yeasts were observed.

+ : Film yeasts were observed on the all over the surface.
*2 : P.O.B.B. section
*3 : S.B. section

Fig. 5. Inhibition of the film forming compared with S.B. and P.O.B.B. to the film forming yeast.

{, RITZIBLONEEHMFIOHE spectrum 2FER U, »3BOHMHIOM IS PpHITI I 83T
EERHFELTNS,

EF 5I1ISB. OBEMRIRE L M OBIR 2SIt L, SBORMULERRHTELL S & LI,

325 Table 4 IITF L L 5 M, BOPHEITI 5 BA DOIEMEEER % BA OBEEYE (K =6.67 x 10-5)18
R HHEFEL, BT HRD I,

AR RI OB A B3 HOpHIC X hIERICC &0 b, BEMITIE, BBITELEOTIN3,

Fig. 8 3B L & 5 Mm% HCl, NaOH T&pHic#is, —FED S.B. (final 415ug/ml) % FEN, Saccharomyces
rourii N-8 %30°C, 9 AR, MEELERUIERETH S,

E» 5856572 & 51T, S.B.O Growth inhibition curve & BEHifiDIEREGEO B.A. EEHTE & ORicidgE
BICEVEEEES R A LB b, T, BEROBA.CHMMEIZIIERIT/NINIOEHTEIN S, EaT S.B.
DM I P HOBE E LTR 3N, FRMOBARCIVEEINILDEEL S,

U EDEEBRER L, BT DI 10EEOME, HU L 5 HMOS.B Lk AMERER GIROTE) L0,
MHE S DEDRBEITUT, Table 5 e &, EpHiE? { oM, HU IOMOB#ITNHE S.B.E%» BA.
DFREEAR 2 EACH BT X hR LT,

RPOWLPIEE DT, TNERELELINOS.B.ERE (B.A.L L T600mg/kg, S.B.& L T697mg/kg) T

A
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O.D. OD. ~
1.0 1.0}

0.5}

0.5

or
OO 100 200 300 400 500 (ug/mal SB) 7.2% 96 120 14.4 168 19.2(NaCl conc.)
0 8 16 24 32 40(ug/ml P.O.BB) —e— Control —o— 363.6ug/ml
White-shoyu conmponents Culture : TTATT 4545 4 TTaTT 5455 4
T.N. 0.56%  9days at 30°C White-shoyu components
T.S. 14.20» T.N. 0.249; T.S. 6.03 #
P.E. 831/ Culture : 5 days at30°C

NaCl 16.93 »

Growth curves of Zyg. major in the
various sodium chloride concentra-

7-1.

tion.

o memonm
/

Fig. 6. Antifungal activities of S.B. and Fig.
P.O.B.B. to the Sacch. rourii N-8.
% % }
1001 L 100
B
/
/
[l
7
= i/ g
-8 y =
Bs0l f -E 50
< g
[=1 —
I
0

1 454.5 1

—e— : control

87 1 545.4ug/m

—o—: 363.6
Fig. 7-2. Geometrical effects on the sodium

chloride to the antifungal activity.

300 400 500 600 S.B. pg/ml
e 19.295 NaCl 12.095 NaCl

e peeee

—a— 1689% 4 —e— 9.6% y
—o— 1449 » —a— 7.29, Vi

Fig. 7-3 Antifungal activities of S.B. in
constant NaCl concentration
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486 MR %, XF RE, FHF AR (BT % 41 %, 1963 &

IITPRUITEETH 55, PHOEWE, HUXOWMTIE, »ABEPHEZ T THEATS L EMHETH S,
] ¥
SB.OFMEN RIS MPpH, REEELLICLYBEIN, ZOYIVKELEAINSODT, SBOFIER
HBELUT, ROLEMREREUTVA S,
Tisbb, ¥, AULIS>HMOBEBERL2RE{ED S LRIARAHRETH A, A—RERETHOTE, M=z
FABWEOBE VL DT, HENCAREBEIED Sh, ARCSBOYI¥ED SN, L1, RHES,
RS OZIL & oT, —B, @, AL X 5 MopHIZENS, ZOpHETI A L, &EOE»L bR

. S.B. DT,
Table 4. The amounts of undissociated benzoic acid in various pH N DERITHIZ2T

3 HEBEOBBREYTHS L

P 4.50 4.74 5.00 5.24 5.50 25
Free B.A. ®*mM| 1.02 0.68 0.4 0.25 0.14 %72, P.OBB. U & 5 M
BAM % 32.47 21.28 13.05 7.87 4.57 THFREBZHNT, 2w 4 F
g N R 5 AN VA A
3.15mM |nyicoc BA. mM | 2.13 2.47 2.74 2.90 3.0l MIZAHARIE ™ & L 5 RRE L
% 67.53 78.72 86.95 92.13 95.43 THEETHIDITRK L, BARE

BEIEL, Table 4 DT &
FERBTHEEL TS, C
D1z, SB.OHFAEIL, P.OBB.

*] 416mg S.B./l=3.15mM
(H*]
(H)+K

*2 (B.A.) =C-

Table 5. The relation of the antifungal requirements of

O.D. S.B. to the medium pH.

B0 e i{rfttiif(:u?;aihzc- Antifungal requirements
pH tivit

R (4.70 = 1,000) pg/ml g/180L

£ 4.50 1.393 287.2 51.7

2 4.55 1.278 312.8 56.3

A 4.60 1.174 340.8 61.3

- 4.65 1.081 370.0 66.6

0.5 50 e 4.70 1.000 400.0 72.0

4.75 0.919 435.2 78.3

4.80 0.843 474 .4 85.4

4.85 0.762 524.8 9.5

4.90 0.696 574.4 103.4

4.95 0.629 635.6 114.4

5.00 0.577 1693.2 124.8

4.50 4.75 5.00 5.25 5.50 pH 3.05 0.522 766.0 137.9

@ : Control OD. --C 5.10 0.469 852.8 153.5

5.15 0.423 945.6 170.2

®: 8.B. added. O.D.-T 5.20 0.376 |  1063.6 191.4

® : Growth Inhib. % "'EE:_—T" 100 5.25 0.338 . 1183.2 213.0

5.30 0.299 1337.6 240.8

@ : Undissociated Benzoic acid % 5.35 0.264 1514.8 9272.7

Fig. 8. The relation of the antifungal curve 5.40 0.240 1666. 4 ‘ 299.9

to the undissociated B.A. Concentration 3.45 0.214 1868.8 } 336.4

curve. 5.50 0.197 | 2030.4 | 365.5

: show the legal use limits of S.B. (697mg/kg,
125.5g/1801) .
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DS E UTHBIT 2 ARFMOVSR[BBNEHESINS,

72, SB.OOHMEI EHpHIC X b BEIN 55, Conway5'™ |3 yeast cell DPHR2RZET 2 L HBIRT,
FEERDIEMBE S T D AD3, veast KIIPICRIRAITILE, BT 2 L L, Barron5 '™ T.C.A. cycle [TBERT
ZEBREPHLEL LT, yeast (D intact cell DEKAERREL, BEMHTBREARNYG A LD 5H, AETIX
FONKFHINDN L L 2BEL, COREISHREESTOMBEOBRNMBBYICH S /LTS, X
77 Horsfall 593, benzothiazol-2 thioglycolic acid O#E % Z D ester HH, BWIF bV o A EHEL,
BEEL TV 5 b Db, MEREOZEBEDENC & 2HRLTVE. EEL SB.OBE, BA OREEE S,
U 5 HOpHE CHEICHEE) C s h, pHIZX 2HMEORILS, FBBEOREERS FOMBEOZRER
HBEBYICRRTIEDEEL S,

E #

ROHER, SBEEICEBE UL OMEC LA HE, UL IMiTxd 5, S.B. DR, BHEICERT % ZBaIaT
TR,

1, SMR (225mu) TiUT & 3, BHOSBERERIEYL, SB.OENDOBRALE, BEFBAREZREL,
S.B.0M, UL 5 HMHATOBRBRBICONWTERLIL.

2. SB.o#, AU X > MOVi#, BiEX/E P.OBB. Di3iFl/25BETH 3.

3. BHEIES.B.OFMIR 2 ERENVTEY, EREBRHPTOSB.OFNIBET TS,

4 S.B. DS HpH T b b, EMEROBARICIYIESINS, WA, pHOSZW, & HU
L 5H (pPH5.2081%%) TiX, HBUL L 5H (pPH4. 708188 R, ViBLERO2.6EEE2NEL TS,

BhicoFEH, ¥k, HHES, GERTISIRIUNE, BEXRERLHE, IVE, REECEELET,
FALVIY BOBEZZUITUAREBESESHEL PR EEER Y MY U 2OHREAE O IZIIV I KRB AR
KK.icE{ B uv ETETd,

(R 51219635: 5 H25H, AEBEAFEXIRTEIFLAZTARLI, )

X 8
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