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Effect of Different Salt Concentrations and Temperatures
on the Lactic Acid Fermentation of Radish Juice
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Abstract

The characteristics of natural lactic acid fermentation of radish juice were investigated at different salt concen-
trations (1 2 %) and temperatures (10— 30°C). Major lactic acid bacteria isolated from the radish juice fermented
at 2% salt concentration were Leuconostoc mesenteroides, Lactobacillus plantarum, and Lactobacillus brevis. The
percentage of lactic acid bacteria against total microbe in the fermented radish juice was over 80% at 0~1%
salt concentrations, suggesting the possibility of fermentation even at low salt concentrations. The growth rate
of lactic acid bacteria increased with the increase of temperature at 1% salt concentration, but was still active
even at 10°C. The time to reach pH 4.0 during fermentation of juice of 1% salt concentration was 281~301 hrs
at 10°C and 50~73 hrs at 30°C. The concentrations of sucrose and glucose in the fermented juice were low
at high temperatures and were the lowest at a 1.0% salt concentration. However, the content of manmitol showed
the opposite trend. Although sour taste, ripened taste, and acidic odor of the fermented juice showed no significant
differences among various temperatures and salt concentrations, sensory valoes of ripened taste and sour acidic
were high at high temperatures. The overall guality was the best at 1.0% salt concentration, irrespective of the

temperature,

Key words: fermentation, radish, lactic acid bacteria, salt concentration, temperature

INTRODUCTION

Kimchi is a fermented food made by mixing salted vege-
tables with red pepper, garlic, ginger and other ingredients,
and normal fermentation of kimchi is difficult withowt sait.
By treating vegetlables with salt, their cell structures become
damaged, and the nutrients necessary for the growth of lactic
acid bacteria were released. Thus, the size of kimchi material
has a close relationship with the fermentation raie : the
bigger the size of the material, the less damage to cell structure
is done by salt, and the fermentation rate, as a result, is
slower (1,2). In nalural fermentation of kimchi, increasing
the sall concentration is important because putrefaction can
be induced if the fermentation rate is too slow. Thus, to
prevent induction of putrefaction at lower sall concentration,
promoting the laclic acid fermentation rate together with
making the material size smaller or crushing the tissue are
needed. Since kimchi is fermented paturally by bacteria such
as Achromobacter, Flavobacterium and Psendomonas present
in soil or water (3), fungi and yeasis other than lactic acid
bacteria are also found. Since kimchi is a food that causes
people to ingest an excess amount of salt, lowering the salt
concentration in kimchi is being emphasized more than ever
before. Thus, in order to prepare kimchi that is more hygienic
with less salt content, employment of a controlled fermen-
tation system thal uses a starter might be necessary. Until now,
few studies has been done with radishes used to make kimchi
or for lactic acid fermentation; however, various studies have
been reported on the fermentation characteristics of radish
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varieties (4), on the changes in enzymes, microorganisms
and physiochemical properties during the salting of “Kakdugi”
made with radish (3,6), on the antimitagenic activities of rad-
ish juice (7), and on the characteristics of odor (8) and taste
of “Kakdugi” made with different varieties of radish.

In this siudy, for the purpose of the possible use of radish
containing growth promoting factor for a lactic acid bacteria
as a medium of lactic acid bacteria during &imefi fermenta-
tion (9) in controlled fermentation system, the characteristics
of the natural lactic acid fermentation of radish juice were
investigated.

MATERIALS AND METHODS

Materials

Radishes (Raphanus sativus L.) weighing about | kg (har-
vested in fall, 1999), and Chunil salt were purchased from
a local market.

Fermentation

Five hundred grams of the washed radish was shredded
and crushed in a mixer (Goldstar GFM-5401, Korea). The
crushed radish (radish juice) was fermented at salt concen-
trations of 0, 0.5, 1.0 and 2.0% in | L fermentation jars at
10, 20 and 30°C.

Isolation and identification of Lactobacilli

Lactlic acid bacteria was isolated from radish juice samples
containing 2% salt concentration at 10°C from fermeniation
day 2, 6, 10, and 14 using MRS agar (10) redinm with 0.02%
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sodium azide. Identification of isolated sirains was done by
investigating their morphological, physiological and bioche-
mical characteristics according to the methods of Bergey’s
Manuals (11,12).

Measurement of pH and titratable acidity

The juice was filtered with 3-ply cheese cloihs. The pH
of the filtrate was measured with a pH meter. The acidity
of the filtrate was determined by a titration method using
a 0.1IN NaOH soluticn and expressed as a percentage of lactic
acid (13).

Determination of free sugar

Fermented radish juice was centrifuged at 3,000 mpm for 20
min, and after fillering the supernatant with a 0.2 Jim membrane
filler, the juice was passed through a Sep-Pak C)z cartridge
and analyzed with an HPLC (14}. The conditions for analysis
were waters associates (U6K Injector, M410 Rl detector,
M7435 B data module), using carbohydrate column (3.9 mm i.d.
¥ 30 cm) with the solvent of acetonitrile : water (78 : 22, v/v)
at a speed of L.5 ml/min with the injection volume of 3 pl.

Microbial analysis

Plate count agar (Difco) was used for determining the total
viable counts. Lactic acid bacteria were determined on MRS
agar {Difco) with 0.002% bromophenol blue (15). All plates
were triplicates and incubated at 37°C for 48 hrs. The colony
with dark blue in the center and an overall light bluye color
was presumptively identified as a Laciobacillius strain, and
the colony with a dark blue color without a circle was iden-
tiffed as a Lenconosioc strain (16). Viable cell numbers were
counted as colony forming umits (cfu) per ml. The ratio of
lactic acid bacteria was calculated as the percentage of lactic
acid bacieria againsi total viable counts.

Sensory tests

Sensory tests were performed by 10 well-trained panels
using a five points hedonic scale test method (17). The degrees
of sour taste, ripened taste, and acidic odor were evaluated
from very low (1 point) to very sirong (5 point). Gverall taste
was evaluated from very poor (1 point) to very good (5 point).

RESULTS AND DISCUSSION

Lactobacilli of fermented radish juice

During fermmentation of radish juice with 2% salt concen-
tration, 2~ 5 sirains showing the best growth in MRS media
were isolated from the fermentation juice at 2, 6, 10 and 14
days. The general characteristics of these strains and the resulis
of identification are shown in Table 1 and 2. As lactic acid
bacteria related to the fermentation of radish juice, Leuconostor
mesenteroides, Lactobacillus plantarum, and Lactobaciilus
brevis were identified. Among these, Lenconostoc mesen-
teroides was seen from 2 days to 10 days of fermentation
but was not observed at the 14ith day. Lactobacillus plantarum
was observed during the entire period of fermentation, but
Lactobacillus brevis was observed from the 6th day to the
14th day of fermenration. These lactic acid bacteria are report-
ed to be present in regular kimchies and different kinds of

pickles (2,18). Besides these bacteria, Pediococcus cerevisiae
and Sireptococcus faecalis have been teported to be isolated
from kimchi. In different kinds of Fmehi prepared from rad-
ish with red pepper and garlic, Lactobaciilus plantarum, Lac-
tobacillus pentosus, Leuconostoc citrum, Leuconostoc mesen-
teroides, Streptococcus facium and Lactobacillus brevis were
identified (19). However, somewhat different tesults were
seen in the present study where ouly radish juice was used.
Mheen and Kwon (2) reported that the major lactic acid bac-
leria in the fermentation of kimchi is Leuconostoc mesen-
teroides, and Lactobacillus planiarum has a close relation-
ship with acidification {18). But Lactobacillus plantarum has
the most strong antimicrobial activity, so it is the lactic acid
bacteria that can raise the hygienic effect in kimchi (18).

Number of microorganisms

For radish juices fermented until pH dropped to 4.0 at dif-
ferent salt concentrations and fermentation temperatures, the
numbers of total microbes and the lactic acid bacteria are
shown in Table 3. Regardless of salt concentrations, the
numbers of total microbes and the lactic acid bacteria all
showed an increasing tendency with increasing temperatures.
At temperatures of [0°C, 20°C, and 30°C, the numbers of
total microbes and the lactic acid bacteria were the highest
at a 1% salt concentration, and were the lowest in case of
(0% sali concentration at [0°C and in case of 2% salt con-
centration at 20°C and 30°C.. The ratjo of lactic acid bacteria
10 tatal microbes was 87.9~95.1% at 10°C at 0.5~2.0% salt
concentrations, showing a higher value than that 80.2% of
the control (no salt), and at 20°C, the values were beiween
80.0~89.9% even in case of no salt, showing no significant
difference. The ratio of lactic acid bactetia to total viable
counts was higher in the case of salt concentrations between
0.5~-2.0% compared to when no salt was added at 30°C.
Even when no salt was added or a small amount of salt was
added with the salt concentrations of 0.5~ 1.0%, when fer-
mented in the range between 10~20°C, a high rate of lactic
acid bacteria with more than 80% was shown, suggesting
that the growth promoting factars of lactic acid bactetia are
present in the radish juice (9). The numbers of Lactobacilius
and Leuconostoc, the major laciic acid bacteria present in
the fermented radish juice, are shown in Table 4. The number
of Lactobacillus and Leuconostoc was highest at a 1.0% salt
concentration regardless of the temperatare. However as the
{emperature increased from 10°C to 30°C, the number of
the bacteria tended to increase. The matio of Leuconostoc to
Lactebacillus was higher at 10°C than 20°C or 30°C regard-
less of the salt concentrations, and in comparison of salt con-
centrations, it was the highest at 1.0% salt concentration. The
results reported by Ahn (20) and Pederson and Margaret (21)
indicated that at a salt conlent below 3%, compared to when
the sall content is higher, acid production was high and growth
was active in Leuconostoc mesenteroides, and in Lactoba-
cillus plantarum, even at salt concentrations of 3~8%,
growth and acid production were active; and also in the
present study, Leuconostoc showed higher a growth rate than
Lactobacillus at a low temperature and salt concentration,
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Table 1. The general characteristics of lactic acid bacteria {solated from fermented radish juice

Strain Mo

Characteristics
B-2 B-6 B-7 F-3

B-5

B-7 F-8 F-9 A3 A-3 A-8 P-1 P-6

Cell form cocci rod  cecci rod

Spherical + - + -

Cell arragement + + + +

(pairs and chains}

Gram stain + + + +

Mobility - - - -

Spore formation - - -

Facultative anaerobic

Catalase - - - -

Oxtdase

Gas formation from glucose

NH; from arginine

Dextran form sucrose

Growth at 107

Growth at 457

Growth at pH 3.6

Growth at pH 9.6

Growth in 6.5% NaCl

Growth in 10% ethanol

Acid from amygdalin
arabinose
arbutin
cellobiose
esculin
fructose
galactose
glucose
lactose
manmniiol
mannose
raffinose
thamnose
ribose
salicin
SuCIose
trehalsoe
xylose
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Symbols : +, positive ; -, negative

Table 2. Identification of lactic acid bacteria isolated from fer-
mented radish juice

Fermentation Strain
davs No

B-2
2 B-6
B-7

F-3

F-5

& E-7
F-8

F-9

A3

10 A-5
A-8
P-1
P-6

{deniification

Leuconostoc mesenteroides subsp. mesenteroides
Lactobacillus plantarum
Leuconostoc mesenteroides subsp. mesenteroides

Lactobacillus plantarum

Lactobacillus brevis

Lactobactifus plantarum

Leuconostoc mesenterordes subsp, mesenteroides
Lactobacillus plontarem

Lactobacillus brevis
Leuconastoc mesenteroides subsp. mesenteloides
Lactobacillus plantarum

Laciobacilius plantaram

14 Lactobacillus brevis

Fermentation hours
‘When radish juice was fermented at different salt concen-
trations and temperatures, the time required to reach pH 4.0

is shown in Table 5. Resulls showed that the time period
is longer as the fermentation temperature is lower and the
salt concentration is higher. The fermentation period at 10°C
was shorter by adding salt than by adding no sali, and no
definite difference was shown between salt concentrarions.
At 20°C, fermentation time 0 teach pH 4.0 was (he shortest
at 1.0% salt concentration (74.0 tws). In no salt group and
0.5% salt group, the lime was between 82.3~83.5 hrs, and
in 2.0% salt group, the time took 10L.4 hrs. However, at
30°C the time taok between 50.4~59.2 hrs at 0~ 1.0% salt
concentrations, showing no definite difference, but was 73.6
hrs at 2.0% salt concentration,

These tesults suggested that fermentation is achieved nor-
mally even in the case of tadish juice with no salt. Especially,
fermentation was faster at 1.0% than at 0.5% or 2.0% salt con-
centration. In the case of fermentation of vegetables including
kimnchi, the appropriate salt concentration is known to be 3%
{22), and the edible limit in pH is about 4,0 (2). It was
reported that the time period to reach this pH level is different
according to sall concentrations and temperatures (2,22). With
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Table 3. Total viable counts and lactic acid bacteria counts for radish juice fermented until the pH dropped to 4.0

239

(log cfufml)

Microbial counts Concentration of salt

Fermentation tempetature (°C)

(%) 10 20 30
0 7.5+0.6 9.14+0.1% 9.6+0.1%
Total viable counts (T) 0.5 78E0.6™ 9.3+0.2% 97+0.0%
i.0 8.1+0.0™ g4+00"" 9.8+0.0%
2.0 7.6 +0.0™ 8.7+0.0% 9.1+00™
0 7.4=0. 12‘1 9.0 to_oit’ 9.4+0,1 i
. . 05 77=02% 9.2+0.0% 96+0.1%
Lact d bacteria (L
aetic acid bacteria (L) 10 §0-0.0™ 0.4 0.0 9.7+00%
20 7600 8701 9.0--0.0"
0 £0.2 ::7.4-:; 80.0 tS.Q:b 6.3 14.92"
0.5 89.4+87" 86.0+6.9™ 84367 "
f L/T
% of Lf 10 9513 4% 80.0+ 4. 7% 88.1+7.1%
2.0 §79=7.2 85.8:12.3M g25+t3, 1%

Data represent mean + SD of three replicates. Different supetsceripts in the same column (A ~D) and the same row (a~c) indicates a

significant difference at p<(.05.

Tahle 4. Viable counls ol Lactobacillus and Leuconostoc of radish

Table 6. Free sugar content of radish juice fermented until the

juice termented until the pH dropped to 4.0 pH dropped 10 4.0 {mg %)
Micrabial Concentration  Fermentation temperature {°C) Organic Conceniration Fermentation temperature (°C)
COLIIS of salt (%) 10 20 30 acids  of salt (%) 10 20 30
0 69202 85+00" 90+00™ 0 116.83+2.7% 8201230 106209
Lactobacillus 0.5 72:0.1% 87007 92007 Glucose 0.5 8751277 283x19% go*0s5™
(Lac.) 1.0 75201 89=x00™ o93-+00™ 1.0 532430% [150X13% 41x07™
2.0 71201 82--00" 86101 2.0 78.5+26™ 172416 55x09™
0 70-02" 86+0.1% 90x00% 0 1.0+02% 072019 03=00™
Leuconostoc 0.5 7.4+03% 89+00" 931005 Gucrose 0.5 08+0.1" 07x00" 0.1=00™
(Lew.) 1.0 77+01% 914200 94-+00™ " 1.0 040017 0.1+00™ 0.1x00™
2.0 7.2-02" 8301 87100 2.0 0.7+0.1% 03+00% 04%£0.1°
g 1.410.1:‘: 1.2¢0.1': 1.120.0? 0 o.5io.1;~1 8.1i0.1;§ 10.5i1.0§:
5 15205 15+00* 13+00° . 05 07+01% 99+07" 195=13
w/Lac 1.0 1.6202" 16400 13=00 Mamitol 10 0.7+02™ 11.3x08% 70.1z3.8%
2.0 L5014 1201 12200% 2.0 05+0.1% 72+06" 153312

Values were represented mean=SD of three replicates. Differcnt
superscripts in same column {A ~D} and same row (a—~c) indicates
significanily difference at p<0.05.

Table 5. Fermentation hours for radish juice umril the pH dropped
o 4.0

Concentration Fermentation tcmperature {°C)
of salt (%) 1o 20 30
0 301.3554% 835+25% 510154
0.3 2862 41" 823=35%  502451%
1.0 281 4+43%  740+30" 5042424
2.0 289.7+39% 1014142 T7igt50%

Data represent mean = SD of three replicates. Differcnt superscripts
in the same column (A~C} and the same row (a—c) indicates a
significant difference at p<0.03,

regular “Dongchimi”, the time period to reach pH 4.0 with 0~
1.5% sall concentration at 10°C is knowt to be 144 lrs (23).

Changes in sugars

Table 6 shows the contenis of sucrose, glucose, and man-
nitol of the radish juice fermented until pH 4.0 (24). The su-
crose and glucose contents were lower at higher fermentation

Dhata represent mean = SD of three replicates. Diffcrent superscripis
in the same colummn (A~D) and the same row {a-c) indicates a
significant difference at p<0.05.

temperature, and at [.0% salt concentration, the contents ten-
ded io be low. Also, the conient of mannitol was higher at
highe: temperature and at 1.0% salt concentration. Considering
that the contents of residual sugars have a close relationship
with the degree of fermentation, these results suggested that
af the time of tadish juice fermentation, differsnt varietics of
lactic acid bacteria show different growth rates according (o
temperature and salt concentration. At the salt concentration
of 1.0% especially, the residnal sugar contents were low prab-
ably due to the promotion of fermentation. Although the con-
tents of fermentable sugars in radish juice were different with
the varieties of radish, in the case of fall radish, a study
reported (4) that the conteni reaches to 4.0--5.3%, and the
contents of reducing sugar in “Kakdug” made with different
vareties of radish were reporied (8) to be higher in fall radish.
However, no study was reported on changes ih sugar types
according to fenmentation conditions.

Sensory quality
Table 7 shows the results of sensory qualily until the fer-
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Table 7. Sensory quality of the radish juice fermented until the
pH dropped to 4.0

) Sale Fermentation temperature (°C)
Attributes concentration
(%) 10 20 30
0 2.9::1.0:3 2.3i0.8i: 3.1i1.0:‘:
0.5 31=05™ 27+08% 32404
Sour taste 10 32705 35+05% 40t07
2.0 26--04™ 33H12% 204050
0 L6072 210027 144047
. 0.5 26405 3.1+05% 32+04
Ripened ste 19 32206 30+10" 33002°
20 32+05% 23+08™ 28405
0 3.0t0.8i‘1 2.6i0.5f 3.1i1.0':“
. 0.5 310074 30407 2.8+02%
Acidic odor 10 27406 25107 3.1+03"
2.0 24406 224000 32+02%
0 2.6i0.4:: 2.43&0.52 2.3i1.1i:h
. 05 2.3+0.1% 2.7+05% 29+02
Overall quality —17g 375042 54106 33403
2.0 234030 (2403 25:03%

Data tepresent mean -+ 8D of threc replicates. Different superscripts
in the same column (A~C) and the same row (a~h} indicales a
significant difference at p<0.05. Degree of sour taste, ripened
taste and acidic odor were evaluated from very low (1 point) to
very strong {5 point) and overall quality was evaluated from very
poor (1 point) to very good (5 point).

mented radish juice reached pH 4.0. Sour taste, ripening taste,
and acidic odor did not show significant differences with
changes in temperatures and salt concentrations. However, on
the average, sour taste was higher in the groups with salt
concentrations of 0.5 ~1.0% and at higher temperature; ripe-
ned taste and acidic odor were higher at higher temperatures
in the no salt group, at 20°C in the group with 0.5% salt con-
tent, and at higher temperatres in the 1.0~2.0% salt added
group. The overall quality was the best at 1.0% salt concenira-
tion regardless of temperatures. In the case of the no salt and
the 2.0% salt added groups, the evaluated scores were low.
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