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Content and pH on the Growth of Lactic
Acid Bacteria Isolated from Salted
“Daikon” (Raphanus sativus)
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The effects of salt (6.3~8.3%), ethanol (0~
2%), glucose (0.3~2.3%) and pH (4.0~5.0)
on the growth of 6species of lactic acid
bacteria (Lactobacillus plantarum, L. brevis,
L. bavaricus, L. coryniformis subsp.
torquens, L. coryniformis subsp. corynifor-
mis, and Lactobacillus sp. 1), which were
isolated from salted “Daikon”, were studied
by using fractional factorial experimental
design for factors at three levels. L. planta-
rum and L. brevis grew in the presence of
6.3~8.3% sodium chloride, while no growth
of the other 4 species was observed in the
medium containing over 7.3% salt. The
growth of L. plantarum and L. brevis was
inhibited when the concentration of sodium
chloride was increased and when the
medium pH was decreased. Ethanol had an
inhibitory effect at increased concentrations
on the growth of L. brevis, but not on the
growth of L. plantarum. Inhibition of
growth of L. plantarum and L. brevis was
most marked by pH, followed by sodium
chloride and ethanol. Effects of glucose on
the growth of these lactic acid bacteria (6
species) were not clearcut.

During the storage of salted “Daikon”
(Raphanus sativus) in 5~6% NaCl (low salt
concentration) with the newly developed
nitrogen gas packing system, the growth of
Debaryomyces hansenii was inhibited and
Saccharomyces cervazzii grew dominantly in
the cover brine. After growth of Sacch.
servazzii it has been found that the cover brine
shows the increased pH of 4.3 and contains 2%

ethanol and 0% reducing suger. By using the
nitrogen gas packing system, it is possible to
maintain these conditions for extended period
of time, which inhibits growth of harmful
microorganisms. The salted “Daikon” may be
kept in good condition for a long period of
storage by the nitrogen gas packing systemV.
However, when the ambient temperature is
over 20°C, putrefaction may occur due to
acidification as the result of accumulation of
excess amounts of lactic acid owing to growth
of lactic acid bacteria?.

In general, the growth of lactic acid bacteria
may be inhibited by decreasing the pH, increas-
ing the salt and ethanol content, and decreasing
the reducing sugar content. However, the
relationship between the growth of lactic acid
bacteria and the above-mentioned 4 factors
have not been reported.

We have studied the effects of 4 factors ; pH,
NaCl, ethanol and reducing sugar on the
growth of lactic acid bacteria isolated from
salted “Daikon”.

1. Materials and method

Bacterial strains : The lactic acid bacteria
used in this study were Lactobacillus planta-
rum, L. brevis, L. bavaricus, L. coryniformis
subsp. torquens, L. coryniformis subsp. coryni-
formis, Lactobacillus sp. 1. All the strains
were isolated from salted “Daikon” and stored
at ~80°C.

Experimental design : Fractional factorial
experimental design for factors at three levels
was used. The factors (pH, NaCl, ethanol,
and reducing sugar content) were assigned to
the orthogonal table (L (3'%)) as described in
Table 2. The levels, which were the quantita-
tive conditions of the factors were three as
follows : pH ; 4.0, 4.5, 5.0, NaCl ; 6.3%, 7.3%,
8.3%, ethanol; 0%, 1.0%, 2.0% , reducing
sugar (glucose) ; 0.3%, 0.8%, 2.3% (Table1).
Appropriate levels were determined on the
basis of changes in constituents in cover brine
observed during the storage of salted
“Daikon”?.

Cultivation medium : GAM broth (Nissui
Tokyo) was used as the basal medium. It was
prepared to get various combinations of pH,



(81) Karo et al. : Factors on the Growth of Lactobacilli Isolated from “Takuan” 963

Table 1 Influences of salt, suger, ethanol, and pH on the growth of six species of
lactic acid bacteria in GAM broth media

(Factors) Increment of optical density at 660 nm in
the media after cultivation for 10 days
Exp. NaCl Sugar pH Ethanol L.pla L.bre L.bav L.cor L.cor L.sp.l
No (%) (%) (%) tor cor

1 6.3 2.3 5.0 0.0 +++ +++ +++ ++ +++ ++
2 6.3 2.3 4.5 1.0 +++ 4+

3 6.3 2.3 4.0 2.0

4 6.3 0.8 5.0 1.0 +++ +++ +++ +++ +4++ +++
5 6.3 0.8 4.5 2.0 ++ ++

6 6.3 0.8 4.0 0.0

7 6.3 0.3 2.0 2.0 +++ ++

8 6.3 0.3 4,5 0.0 +++ +++

9 6.3 0.3 4.0 1.0

10 7.3 2.3 5.0 1.0 +++ ++

1 7.3 2.3 4.5 2.0 +

12 7.3 2.3 4.0 0.0

13 7.3 0.8 5.0 2.0 ++-+ ++

14 7.3 0.8 4.5 0.0 +++ +++

15 7.3 0.8 4.0 1.0

16 7.3 0.3 5.0 0.0 +++ +++

17 7.3 0.3 4.5 1.0 ++

18 7.3 0.3 4.0 2.0

19 8.3 2.3 5.0 2.0
20 8.3 2.3 4.5 0.0 +
21 8.3 2.3 4.0 1.0
22 8.3 0.8 5.0 0.0 ++ ++
23 8.3 0.8 4,5 1.0 +
24 8.3 0.8 4,0 2.0
25 8.3 0.3 5.0 1.0 ++ ++
26 8.3 0.3 4.5 2.0
2 8.3 0.3 4.0 0.0

The abbreviations used are as follows: L. pla, Lactobacillus plantarum ; L. bre, Lactobacillus
brevis; L. bav, Lactobacillus bavaricus; L. cor. tor, Lactobacillus coryniformis subsp.
torquens ; L. cor. cor; Lactobacillus coryniformis subsp. coryniformis; L. sp. 1; Lactobacillus
sp. 1

Symbols : +++, grow actively (Increment of 0.D. was more than 0.40) ; ++, grow (Increment of
0.D. was between 0.20 and 0.39) ; +, grow weakly (Increment of 0.D. was between 0.10 and 0.19).
Bacterial growth was measured as increment of optical density at 660 nm. GAM (Nissui) broth
media were prepared under various conditions in each experiment.
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NaCl, ethanol and reducing sugar at different
levels (Table 1), as follows : first, salt and
sugar was added to GAM broth and dissolved.

After it had been adjusted to get the required -

pH, the broth was autoclaved for 15 min, at
15 pounds pressure' (121°C), and ethanol was
added to it under aseptic conditions. - After
the various broths were left for 2~3 days, 4 ml
of the upper part of the broths were
transferred into test tubes with plugs (10 ml
with 14 mm 1.d.).

Fermentation test : Actively growing cul-
tures were suspended into approx. 7ml of
physiological saline solution (0.85% sodium
chloride) in 10 m/ plugged test tubes (14 mm
1.d.). The transmittance of the suspension was
adjusted to 60% at 660 nm by adding sterilized
physiological saline. The suspension (0.2 ml)
was transferred into 4 ml of the cultivation
medium in the plugged tubes.

Each strain in the medium was cultivated

under non-agitated atmospheric conditions at
35°C for 10 days. ‘
Measurement of cellular growth : Cellular

growth was judged by the increment of optical
density at 660 nm after 10 days cultivation,
Its O.D. was measured with a Shimazu spec-
tronic 70 spectrometer (Shimazu, Kyoto).

2. Result and discussion

The effects of increasing the salt level from
6.3% to 8.3% and the ethanol content from 0.0
% to 2.0%, as well as decreasing the pH value
from 5.0 to 4.0 and the reducing sugar (gluéose)
content from 2.3% to 0.3% on the growth of
6 species lactic acid bacteria (L. plantarum, L.
brevis L. bavaricus, L. coryniformis subsp.
torquens, L. coryniformis subsp. coryniformis,
and Lactobacillus sp. 1) in GAM broth media
are shown Table 1. :

L. plantarum and L. brevis grew under the
conditions of salt concentration ranging from
6.3 to 8.3%. However, the 4 other species did

Table 2 Analysis of variance table for the effects of salt, sugar, ethanol and pH on
the growth of Lactobacillus plantarum

Level means

Array No. Factors 1 » 3 D.F. S.S. F Ratio
1 A 0.17 0.01 —0.18 2 10.57 4.69* 22.65
2 B -0.03  0.02  0.01 2 0.01 0.10 0.48
5 C 0.25 —0.00 -0.25 2 1.10 9.05** 43.67
9 D 0.08 0.02 —0.10 2 0.14 1.17 5. 65
3 0.02 —0.03 0.0l
0 A B 00 00 00 4 0.07 0.30 2.93
8 -0.02  0.00  0.02
11} B C 0.0l —0.01 0,02 4 0.01 0.05 0.48
6 -0.03  0.14 -—0.11
7 0.05 0.01 —0.06

10 e 0.01 0.04 ~0.05 10 0.61 24,13
12 -0.06 0.06 —0.01
13. -0.04 —0.07 0.11

Symbols : A, NaCl; B, sugar; C, pH; D, ethanol; e, error; D.F. degreés of freedom ; S.S, sumi
of squares of devitions ; F, F value
Single and double asterisks indicate significance at the 5% level (F : 4.10) and 1% level (F: 7.56),

respectively.
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Table 3 - Analysis of variance table for the effects of salt, sugar, ethanol and pH on
_ the growth of Lactobacillus brevis
‘ Level means
Array No. Factors ) . 3 D.F. S.S. F Ratio
1 A 0.07 0.03 —0.10 2 0.15 8.43** 18.68
2 B —0.01 0. 00 0.01 2 0.00 0.11 0.23
.5 C 0.11 0.06 —0.17 2 0.41 23.63** 52.36
9 D 0.06 0.01 —0.08 2 0.09 5. 03" 11.14
3 0.05 —0.04  0.00
4} A B 005 00l —0.02 4 0.05 1.36 6.01
8 0.00 —0.01 0.01
11} B C 0.01 —0.01  —0.01 4 0. 00 0.11 0.49
-0.00 0.03 -0.03
0.05 —0.01 —0.04
10 e 0.01 0.01 —0.02 10 0.09 11.08
12 —0.00 0.02 ~0.02
13 0.01 -0.04 0.03

The symbols are the same as in Table 2.

not grow in media containing more than 7.3%
salt. It seemed that L. plantarum and L.
brevis were more tolerant to salt than the 4
other species.

The effects of salt and pH on the growth of
L. plantarum and L. brevis were significant at
the 5% level. The growth of L. plantarum
and L. brevis were inhibited when salt level
was increased and the pH was decreased. The
effect of ethanol on L. brevis was significant at
the 5% level but that on L. plantarum was not
significant (Tables 2 and 3). The growth of L.
brevis was inhibited by increasing the ethanol
content but that of L. plantarum was not
inhibited. L. plantarum was more tolerant to
ethanol than L. brevis. pH (5.0~4.0) was the
most inhibitory factor to the growth of L.
plantarum and L. brevis, followed by salt (6.3
~8.3%) and then ethanol (0~2%). The effect
s of glucose (0.83~2.3%) on the growth of these
6species of lactic acid bacteria were not
significant at the 5% level.

The growth of the 6 species was inhibited
completely by the conditions consisting of

combinations of 2 or 3 of the following
factors : with 6.3% salt and pH=4.0 ; with 7.3
% salt, pH=4.5 and ethanol=22.0% ; with 8.3
% salt, pH=<5.0 and ethanol=2.0% (Table 1).

In conclusion, it seems that the growth of L.
bavaricus, L. coryniformis subsp. torquens, L.
coryniformis subsp. coryniformis, and Lactoba-
cillus sp. 1 are inhibited by the conditions of
cover brine with approx. 6% salt, pH 4.3, and
ethaonl 2.0% in the nitrogen gas packing
system for the storage of salted “Daikon”,
whereas the growth of L. plantarum and L.
brevis is not inhibited.

We consider that it is necessary to maintain
the cover brine under the above mentioned
conditions, that is, with 6.3% salt, pH=4.0;
with 7.3% salt, pH=<4.5 and ethanol=2.0% ;
with 8.3% salt, pH<5.0 and ethanol=2.0 in
order to prevent the putrefaction with
accumulation of excess amounts of lactic acid.

References
1) Karo, S. and Nakase, T.: Nippon
Shokuhin Kogyo Gakkaishi, 33, 659



966 HARRITEFSE $£38% $105 191410 A (84)
(1986 ). DHBE (Lactobacillus plantarum, L. brevis, L.
2) Karo, 8., Sex1, M., Kaneucst, C. and  pavaricus, L. coryniformis subsp. coryniformis,

Nakase, T.: Nippon Shokuhin Kogyo
Gakkaishi, 36, 357 (1989).

3) Masuvama, G. and Yosuigawa, H. : Toukei
Kaiseki Tejun-Shu, (Nikkagiren, Tokyo),
p. 98 (1977).

(Received Oct. 12, 1990)

BERABREUSBL-ABEOET CRIZTAE,
Ty /=N, Tha—-2RERU pH OXE
DOBETIER® « JLRITE=" - LA E P
REHHE"
*REEARTERRE
(F360 HEEMREATRIL 2-133)

BEAE (A 5~6%) FRPH» SOBEL 72 6 B

L. coryniformis subsp. torquens, Lactobacillus
sp. ) OEFicELZ 58K (6.3~8.3%), =5 /-u
0~2%), 7 v —z(0.3~2.3%) BEKRU pH (4.0
~5.0) DEB IO LWTERTERICKORIFL:. L
plantarum, L. brevis 12, &35 6.3~8.3% O&H#TF
THEEL 2, fho {BOARE R, 7.3% LlLETirE
B LE» 7. L. plantarum, L. brevis DEHIR,
BEBRE MM, BLU pH OETFIcL-Tilsh
fz. L. brevis DEER, =¥/ —ViBEOEMC -
T & h 148, L. plantarum Ti3, MEZR3E
B ohMd -t L plantarum, L. brevis DEEH
#%RR, pH, &, =5/ - VoOlAICKEH -1
Ihs 6 BHOAREDETF LT 527V - R BED
eI, HobTREM .




