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Isolation and Characterization of Lactic Acid Bacteria Producing Antimutagenic Substance from
Korean Kimchi. Rhee, Chang-Ho and Heui-Dong Park®*. Deparfment of Food Science and
Technology. Kyungpook National University, Taegu 701-702, Korea - Various lactic acid bacteria
were isolated from Korean Kimchi in order to study their antimutagenic substances. Ames test using
Salmonella typhimurium TA98 and TA100 showed the strain KI.AB21 to have the highest antimut-
agenic activity among the 230 isolated strains against MNNG (N-methyl-N'-nitro-N-nitrosoguanidine),
NPD (4-nitro-O-phenylenediamine), NQO (4-nitrosoquinoline-1-oxide) and AFB1 (aflatoxin B1). The
strain was identified as Lactobacillus plantarum based on its morphological, cultural and physiological
characteristics. Antimutagenic activity of L. plantarum KIL.AB21 was found in culture supernatant sug-
gesting the bacterium secrete antimutagenic substance in the media. No mutagenic activity was found
in the culture supernatant. The isolated strain L. plantarum KLAB21 showed much higher antimut-
agenic activity than L. plantarum 1AM1261 which is being used industrially for fermented milk pro-
duction. The antimutagenic activity of L. plantarum KI.AB21 was reconfirmed by the spore-rec assay
using spores of Bacillus subtilis H17(Rec) and M45(Rec).
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Table 1. Antimutagenic activities of various bacteria isolated
from Kimchi on Salmonella typhimurium TA100 and TA98

Strains Inhibition ratio(%)*
TA100 TA98

MNNG NPD NPD NQO
KLAB17 92.98 46.92 23.50 37.67
KLAB21 94.69 54.78 39.35 38.14
DLABS 93.63 42.18 30.55 28.37
DLAB16 95.18 48.82 21.83 46.05
KLAB325 90.37 4597 35.39 25.58
KLAB346 90.55 32.70 423 0.93
KIL.AB408 90.22 44.55 32.75 13.49
KLAB421 90.13 36.49 12.24 372
KLABA433 90.04 45.50 21.92 19.07
KLABS504 90.66 30.81 14.97 1.40
KLABS06 90.31 49.76 26.23 6.05
KLABS07 90.48 41.71 15.23 16.28
KLABS508 90.31 40.28 4.84 3.26
KLAB519 90.63 38.39 15.23 3.72

*Significantly different from the control at the P<0.05 level. An-
timutagenic activity is expressed as inhibition ratio(%) of His"
reversion of Salmonella typhimurium which is described in de-
tail by Maron and Ames[29].
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Fig. 1. Scanning electron micrograph of L. plantarum KILAB
21.
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Table 2. Morphological and Physiological characteristics of
the isolated strain KLAB21

Classification KLAB21
Morphological characteristics
Form Rod
Gram stain +
Motility -

Spore formation -
Facultative anaerobic +
Physiological characteristics
Catalase -
Methy red test +
V-P test -
V-P test(below pH 7.0) -
Indole production -
Starch hydrolysis -
Utilization of citrate -
Hydrogen sulfide production +
Gas from glucose -
Urease test +
Pigment production -
Oxidase test -
Nitrate reduction -

Growth at 157 +
Growth at 45T -
Growth at pH 3.6 +
Growth at pH 9.6 +
Growth in 6.5% NaCl +

Growth in 10% ethanol -
+: positive, -: negative

rium TA100-% ©]-8-3F A3 o4 Wo]9l MNNG, NPD
2 AFBlell digt &AL wllof A5 100 pi/plate A7}
Al 47t 98.42%, 73.95%, 82.52%% 7VA =A eyt
o}, =3} frame shift mutantQ! S. fyphimurium TA9SE
0]-4-3 AFellx WHeld NPD, NQO ¥ AFBle]| ohgt
AL v A 100 pi/plate H7HA 22t 62.78%,
57.21%, 78.53%% 7V =4 Jyebgdt}(Table 5). 4t
o wieF AFde] sEgdwoe] FAL S typhimurium
TA100 QloAA] S. typhimurium TA9SR T} eFA Mol
of thated 73t A4S et o]9} 2ho] FEdH
o] Aol F FFZkoll AolE vehile IS S
typhimurium TA1002 hisG 32F2] point mutante] 2
S. typhimurium TA98L hisD2] AL frame shift
mutant2A] BHFdwe]e] 7izte] A= cl=27) wjiagl
AR FEHc) A7 YEF 2 f4HEY dEd
HolA o Fsled= A9 ARt glov Iy
o et B A7) QlvH1, 2, 17-19]. 19754
Bogdanovell 93] Wi fo] Ao HAdsl= Lactoba-

Table 3. Carbon utilization of the isolated strain KLAB21

Carbon source

KLAB21

Glycerol
Erythritol
D-Arabinose
L-Arabinose
Ribose

D-Xylose
L-Xylose
Adonitol
B-Methyl-xyloside
Galactose
Glucose

Fructose
Mannose
Sorbose
Rhamnose
Dulcitol

Inositol
Mannitol
Sorbitol
o-Methyl-D-mannoside
a-Methyl-D-glucoside
N-acetyl glucosamine
Amygdaline
Arbutine
Esculine

Salicine
Cellobiose
Maltose

Lactose
Melibiose
Saccharose
Trehalose
Inuline
Melezetose
D-Raffinose
Amidon
Glycogen
Xylitol
B-Gentiobiose
D-Turanose
D-Lyxose
D-Tagatose
D-Fucose
L-Fucose
D-Arabitol
L-Arabitol
Gluconate
2-keto-gluconate
5-keto-gluconate

+ +

+ 4+ 4+

+ 4+ + + + + + o+ + o+ o+

+ +

+: positive, -: negative
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Table 4. Mutagenic tests of L. plantarum KLAB21 culture
supernatant on Salmonella typhimurium TA100 and TA98

Dose TA100 TA98
(Wiplate) His*(CFU) Mutation ratio* His'(CFU) Mutation ratio*
0 78 1.000 51 1.000
25 76 0.974 53 1.039
50 85 1.089 51 1.000
75 82 1.051 52 1.020
100 79 1.013 50 0.980
125 89 1.141 47 0.922
150 92 1.180 49 0.961

*Significantly different from the control at the P<0.05 level. Mu-
tagenic activity is expressed as mutation ratio(%) of His™ rev-
ersion of Salmonella typhimurium which is described in detail
by Maron and Ames[29].

cillus bulgaricus’} 8] sarcomacl] tisted 3t azs
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Table 5. Antimutagenic activities of L. plantarum KLLAB21 culture supernatant on Salmonella typhimurium TA100 and TA98

Inhibition ratio(%)*

Dose TA100 TA98

(ulfplate) MNNG NPD AFB, NPD NQO AFB,
(5 ug/plate) (15 pg/plate) (1 pg/plate) (2.5 ug/plate) (0.25 pg/plate) (1 ug/plate)

25 93.46 39.38 57.59 34.52 3221 48.29
50 95.72 54.79 69.83 39.30 37.98 54.11
75 96.60 65.75 75.87 51.59 52.88 65.53
100 98.42 73.95 82.52 62.78 5721 78.54
125 96.33 64.38 80.04 59.46 51.44 76.60
150 94.20 44.86 77.02 55.11 45.67 71.12

*Significantly different from the control at the P<0.01 level. Antimutagenic activity is expressed as inhibition ratio(%) of His+ rev-
ersion of Salmonella typhimurium which is described in detail by Maron and Ames[29].

Table 6. Comparison in the antimutagenic activities of culture supernatant between the isolated strain L. plantarum KLAB21

and the industrial strain L. plantarum 1AM1261

Strains Dose Inhibition ratio(%)*
(W/plate) L. plantarum KLAB21 L. plantarum 1AM1261

TA100 MNNG NPD AFB1 MNNG NPD AFB1
(5 ug/plate) (15 pg/plate) (1 pg/plate) (5 pg/plate) (15 pg/plate) (1 pg/plate)

50 95.72 54.79 69.83 49.58 31.25 40.59

100 98.42 73.95 82.52 25.59 39.77 28.50

156 96.38 63.26 77.02 19.81 - 10.54

TA98 NPD NQO AFB1 NPD NQO AFB1
(2.5 pg/plate)  (0.25 pg/plate) (1 pg/plate) (2.5 pug/plate)  (0.25 pg/plate) (1 ug/plate)

50 39.30 37.98 54.11 9.79 29.36 35.40

100 62.78 57.21 78.54 28.26 28.51 23.25

150 44.06 38.92 71.12 42.42 21.28 9.51

*Significantly different from the control at the P<0.05 level. Antimutagenic activity is expressed as inhibition ratio(%) of His" rever-
sion of Salmonella typhimurium which is described in detail by Maron and Ames{29].
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Table 7. Mutagenic and antimutagenic activities of the L. plantarum KLAB21 on MNNG and NQO in the spore-rec assay

Culture Inhibition zone (mm)*
Mutagen supemf:ltant Mutagenic activity Antimutagenic activity
(uidisc) Ma45 H17 Difference M45 H17 Difference
MNNG 0 39 0 39 39 0 39
(10 pg/10 ul) 50 25 25 0 32 24 6
100 33 33 0 35 31 4
150 38 37 1 38 34 4
NQO 0 40 0 40 40 0 40
(20 ng/10 pl) 50 30 30 0 31 27 4
100 34 34 0 35 33 2
150 38 38 0 39 36 3

*Mutagenic and antimutagenic activities are expressed as inhibition zone (mm) of Bacillus subtilis which is described in detail by Kada

et al {21, 22].

100 pl/plate H7}A] o] <r3lol ot dxzgFe
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Spore-rec assay(fl 2|5t 2t 28/ SHE04H0| &4
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2} Lactobacillus plantarum =5 1 FAHFo2 FAEH
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Ho| 845 ) A A o2 WA 2] AR o] 41
A+ L. plantarum 1AM1261 459 v|xg 23} -z
459 #Ao] =A epdet. =3 Bacillus subtilis®] X
28 ©] 83} spore-rec assay HWHS AHE3te] MNNG,
NQOel gt = o] &AS A&lssich
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