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Table 1 General analysis of various vinegars

Concentration (%, w/v)

Components Spirit Grain Rice
vinegar  vinegar  vinegar

acidity vinegar 10 4.2 4.5
acetic acid 10 3.8 4.1
non-volatile acids ND* 0.4 0.4
reducing sugar 0.058 1.191 7.387
amino acid nitrogen 0.003 0.007 0.012
NaCl ND* 0.01 0.02
ethanol 0.134 0.083 0.205

Table 2 Bacteriostatic action of spirit vinegar

Vinegar acidity (%,w/v)

Strains

(=]

Escherichia coli 0157 : H7 HGY-10
. coli O157 : H7 NGY-11

. coli 0157 : H7 RIMD 0509861
coli 0157 : H7 RIMD 0509881
. coli 0157 © H7 RIMD 0509890
. coli 0157 : H7 RIMD 0509891
. coli 026 : H11 NGY-9688

. coli O111 : K58 : H~

. coli IFO 3208

Citorobacter freundii 1ID 976
Enterobacter aerogenes MK

E. cloacae TAM 1221

Serratia marcescens MK
Salmonella enteritidis 11D 604

S. typhimurium NCI 17024
Proteus vulgaris IFO 3851
Morganella morganii IFO 3848
Vibrio parahaemolyticus IFO 12711
Aeromonas hydrophila TFO 3820
Alcaligenes faecalis IAM-B-141-1
Pseudomonas aeruginosa 11D 1031
P. fluorescens IFO 3081
Micrococcus luteus TFO 3763

M. roseus IFO 3764
Staphylococcus anreus IFO 3060
Rhodococcus equi TAM 1038
Bacillus subtilis TFO 3007

. cereus MK

. pumilus TFO 3030

. licheniformis TAM 11054

. megaterium MK

. circulans IFO 3329

. brevis IFO 3331

. sphaericus IFO 3525
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No growth occured within 4 days (—).
Inoculated media were incubated at 30°C.
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Fig. 1 Time necessary for five log decrease in
bacterial number of cells of Escherichia coli
0157 : H7 NGY-10 in rice, grain, and spirit vine-
gars at 30°C

104

Time (min)

®m rice vinegar
A grain vinegar
® spirit vinegar

0.5 0.751.0 2.5 5.0 7.510.0

Acidity (%, w/v)

0.1 0.25

Fe2EH L 7eBa 0 b {5 <, pH 5.05CH -7z
23, [A] pH (2 HEEE CHREE U o kst it Bk o
EFRHIEE AR T2,

2. REFOREEIC X 2% E o=

Fig. 112, #FEEFEOFEERS X CHHRE 2 F v
725 E OWRERE &, B8 M KB 0157 :
H7 NGY-10D#E 1 F 9 2 B (EEE%2.0X
10°CFU/ml o 5 <2.0x10'CFU/ml iz £ T F
5DICET ) L ORfRER LU, Mt
WICET 2RO E L > Th B0, 22 TR
SN D & S I [A—HERREREE C I\ R IE > B E >
KEEDIETHRE 05 <, FREICE T 20
DNETHE - 7z,

3. BB I RS B 0D B IR 0D T S R IR ST 1k
D7

HE D 572 2R F M KB B 0157 @ HT 6 #%,
026 : H11, O111 : K58 : H & 1 #:m30°C, [Heks
IRE2 5% OWEREREAR U T O3 iR % Fig.
2WRLTz, 2ZTREND X2, BE L
BB 0157 © H7, 026 : H110 7 £ i3 HLig i Fa bl
LB EE CTHo1 0, BEREEREE
Ol11 : K588 :H id 2 h & Dk 3B S o i ks
W (WElE) X9 2 2D 0 - 7,

4. PRBEEORE I BT T VIF A Rk D

it

Fig. 2 Bactericidal activity of spirit vinegar with
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30°C
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Fig. 3 Effect of initial number of cells on bacter-
icidal activity of spirit vinegar with 2.5% (w/v)
acidity against Escherichia coli 0157 : H7 NGY-
10 at 30°C
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Fig. 4 Effect of temperature on bactericidal activ-
ity of spirit vinegar with 2.5% (w/v) acidity
against Escherichia coli 0157 : H7 NGY-10
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Fig. 5 Arrhenius plots derived from Fig. 4
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Table 3 Thermal death time of Escherichia coli
0157 : H7 NGY-10 in spirit vinegar with 2.5%
(w/v) acidity

Thermal death time (min)

Temp(°’C) k(min™?)
10—73* 1076* 1079* 10-712*

10 1.53X107* 4,516 9,031 13,547 18,063
15 3.84x107° 1,799 3,598 5,398 7,197
20 9.35%x107° 739 1,478 2,217 2,956
25 2.21X107? 313 625 938 1,250
30 5.06x107* 137 273 410 546
35 1.13x107* 61.1 122 183 245
40 0.480 14.4 28.7 43.2 57.6
45 2.03 3.40 6.81 10.2 13.6
50 8.24 0.84 1.68 2.52 3.35

*Decrease number of bacterial cells.

Fig. 6 Effect of growth phase on bactericidal
activity of spirit vinegar with 2.5% (w/v) acid-
ity against Escherichia coli 0157 : H7 NGY-10 at
30°C
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Antibacterial Action of Vinegar against Food-Borne Pathogenic Bacteria
Including Escherichia coli O157:H7 (Part 1) Examination of
Bacteriostatic and Bactericidal Activities

Etsuzo ENTANIY, Mito ASAIV, Shigetomo TSUJIHATAPY,
Yoshinori TSUKAMOTO"Y & Michio OHTA?
UNakano Central Research Institute of Nakano Vinegar Co. Ltd.
#Department of Bacteriology, Nagoya University School of Medicine

Bacteriostatic and bactericidal activities of vingar products against food-borne pathogenic
bacteria including enterohemorrhagic Escherichia coli (EHEC) O157:H7, and other bacteria were
examined.

By the presence of spirit vinegar at 0.19% acidity, the growth of 34 strains of bacteria was
completely inhibited. Grain and rice vinegars also inhibited the growth of bacteria at the same
acidity. These results suggest that vinegars have strong bacteriostatic activity.

Bactericidal activity of vinegar products was measured. The order of their activities against
E. coli O157:H7 strains was spirit vinegar >grain vinegar >rice vinegar.

Susceptibility of 7 EHEC strains (6 E. coli O157:H7 isolated from 3 outbreaks and 1 E. coli
026:H11 from a sporadic case) to spirit vinegar was similar to each other, and much lower than
that of an enteropathogenic E. coli O111:K58:H~ strain. It indicates that these EHEC strains are
rather acid-tolerant. The bactericidal activities of vinegars were independent of bacterial
inoculum sizes, but were dependent of growth phase. Bacteria of logarithmic growth phase were
more sensitive than those of stationary phase. Bactericidal activity of spirit vinegar profoundly
depended on the reaction temperature. At higher temperatures, spirt vinegar killed bacteria much
more rapidly. In 2.5% acidity vinegar, the times for the log3 reduction of cells were 4,516 min at
10°C, 739 min at 20°C, 137 min at 30°C, 14.4 min at 40°C, and 0.84 min at 50°C, respectively. These
results suggest that treatment with vinegar solution at handy temperatures ranged 40-50°C may
be one of the useful methods to prevent bacerial food poisoning.
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