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Abstract

To select potent probiotics from lactic acid bacteria in Yulmoo Kimchi, an in vitro and stimulated human
intestinal model system (SHIMS) test were performed. One Leuconostoc mesenteroides strain from five strains
of Yulmoo Kimchi and one Lactobacillus plantarum from 12 strains of KCTC and KCCM were selected according
to survival in acidic and bile salts conditions. Between the two species, Leu. mesentroides displayed higher
survival activity in a SHIMS test. The strain was identified as Leu. mesentroides by 16S rRNA sequencing
and was designated as Leu. mesentroides KO1.
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Fig. 1. Apparatus of stimulated human intestinal model sys-—
tem (SHIMS). (1) Control system (pH & pump); (2) Peristaltic
pump; (3) Gastric & intestinal fluid, HCI, bile salt; (4) Stomach
vessel; (5) Small intestine vessel; (6) Magnetic stirrer; (7) Tem—
perature controller.
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Table 1. Bacterial strains tested for the screening of probiotics

Strains Source Reference
Isolates KO1-KO05 Yulmoo Kimchi This study
Lactobacillus plantarum KCTC 3104 Pickled cabbage KCTCY
Lactobacillus plantarum KCTC 3108 Pickled cabbage KCTC
Weissella confiisa KCTC 3499 Sugar cane KCTC
Pediococcus pentosaceus KCTC 3507 Dried American beer yeast KCTC
Leuconostoc carnosum KCTC 3525 Vacuum-packaged meats KCTC
Leuconostoc citreum KCTC 3526 Honeydew of rye ear KCTC
Lactobacillus sakei KCTC 3603 "Moto” starter of sake KCTC
Lactobacillus reuteri KCTC 3678 Human feces KCTC
Lactobacillus paracasei KCCM 32822 — KCCM?
Lactobacillus acidophilus KCCM 40265 Rat feces KCCM
Lactobacillus brevis KCCM 40399 Feces KCCM
Lactobacillus pentosus KCCM 40997 Corn silage KCCM

})KCTCZ Korean Collection for Type Culture.
YKCCM: Korea Culture Center of Microorganisms.
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Table 2. Feed composition, working volume, residence time and feed rate in stimulated human intestinal model system (SHIMS)

Vessel Pump Feed Composition Working Time Feed rate
volume
1 HCI 1 N HCI (pH 2.0) pH maintain
1 2 GF (gastric fluid) pepsine (0.1 g), mucin (3.5 g), 39.6 mL 2 hr 0.33 mL/min
NaCl (85 g), DW (1 L), pH 2.0
Transfer 3 GC-IC 144 mL 2 hr 1.2 mL/min
4 IF (intestinal fluid) trypsin (0.1 g), pancreatin (3.5 g), 79.2 mL 4 hr 0.33 mL/min
DW (1 L)
9 5 0.3 M NaHCOs 252 g, DW (1 L), pH 65 19.8 mL 1 hr 0.33 mL/min
0.1 M NaHCOs 84 g, DW (1 L) 59.4 mL 3 hr 0.33 mL/min
6 4% bile salt 40 g, DW (1 L) 15 mL 0.5 hr 0.5 mL/min
2% bile salt 20 g, DW (1 L) 105 mL 35 hr 0.5 mL/min
7 2AE o] &3t §AT & JAEF stAT 2y 9 St wjFste F4E FASIATHII)
o 4ol 27) BEe £gel F717 Ghwel o o iy
= ° T_ o °o N _ v Genomic DNA =& 4! #F9| =d
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j - A ZAF] protocold] Wl genomic DNAES F&3lgth. &
3} A BHlEE AS 2ol FFE F JEF A 2HES A _ . }
3 ) FE TA317) 938 16S rRNA 532 G714 gL B89
ST S4BT 2 4Y 5 RS AALAIG o Llo] S
M STl Ben]E Ea o] ZA7 Aol B t}. Genomic DNAE PCR 7]A(Eppendorf, Hamburg,
ol unllmh L = <5 - - .
Z;i;}mcgi1;c20mﬁ;1{mﬁ ﬁj; Germany)& AH8-8ted 525192 ™ 242-e] primer 1 uL(40
=7} 37° A EF =2 3 . H3l= AFHE
] i N b = pmol), 10X buffer 2.5 uL, dNTP 2 uL(2.5 mM, Takara,
Fote] FlstHon el At whkdE A 59 vAAES . .
ool bl %10 Mowe = Mo o Shiga, Japan), Taq polymerase(5 unit/uL, Takara) 0.1 uL
Eaes! J—Z_‘E “\_:" 1_‘—‘_1—% A o L ~ = = =
ot 2ol ‘jTl o ° °:Jf] 174 \ © 1; 7} £gH 25 yL A9l 1 uL template DNAS Yo FZ
= == oAEL B A A Aol A o
o Ae AR WA TARY R EEE An 2 g o5CA 582 o a4 (redenatura-
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Table 3. Effect of the acid exposure on the survival of lactic acid bacteria

Acid tolerance

LAB samples logi10CFU Survival ratio (%)
pH 7.0 pH 2.0
K01 5.60+0.03 5.16+0.12 37.65
K02 7.5140.26 1.50+0.12 0.00
K03 7.97+0.07 2.15+0.04 0.01
K04 7.70£0.02 2.2440.17 0.03
K05 7.83+0.17 3.20+0.52 2.46
Lactobacillus plantarum KCTC 3104 7.624+0.23 5.76+0.80 8.87
Lactobacillus plantarum KCTC 3108 7.76+0.07 6.11+0.26 2.32
Weissella confiisa KCTC 3499 7.91£0.13 5.1040.69 152
Pediococcus pentosaceus KCTC 3507 8.24+0.27 2.00+0.83 0.00
Leuconostoc carnosum KCTC 3525 7.52+0.13 1.89+0.67 0.01
Leuconostoc citreum KCTC 3526 7.89+0.14 4.15+0.20 0.05
Lactobacillus sakei KCTC 3603 7.33+0.24 1.95+0.76 0.03
Lactobacillus reuteri KCTC 3678 8.02+0.18 2.15+0.04 0.01
Lactobacillus paracaser KCCM 32822 8.01+0.02 0.0040.00 0.00
Lactobacillus acidophilus KCCM 40265 6.67+1.55 1.65+0.33 0.00
Lactobacillus brevis KCCM 40399 7.45+0.11 5.92+0.34 3.19
Lactobacillus pentosus KCCM 40997 7.57+0.20 5.02+0.54 0.33

LAB were incubated in MRS broth adjusted to pH 2 for 2 hr and diluted with saline, and then plated out in MRS-agar.
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Table 4. Effect of bile salt on the growth of lactic acid bacteria

Bile tolerance

LAB samples log1c:CFU Survival ratio (%)
MRS MRS +0.3% bile
K01 7.05+0.40 6.98+0.35 83.94
K02 7.88+0.24 7.80+0.14 73.69
KO3 8.31+0.18 8.154+0.05 44.83
K04 8.434+0.10 8.134+0.32 28.02
K05 8.4240.09 8.204+0.23 46.79
Lactobacillus plantarum KCTC 3104 8.364+0.20 8.154+0.09 48.05
Lactobacillus plantarum KCTC 3108 8.55+0.02 8.39+0.20 40.80
Weissella confiisa KCTC 3499 8.57+0.42 8.234+0.36 46.31
Pediococcus pentosaceus KCTC 3507 8.1840.48 7.984+0.14 73.19
Leuconostoc carnosum KCTC 3525 7.80+0.28 7.32+£0.34 33.11
Leuconostoc citreum KCTC 3526 8.04+0.01 7.68+0.25 4754
Lactobacillus sakei KCTC 3603 7.64+0.40 7.644+0.53 101.49
Lactobacillus reuteri KCTC 3678 8.27+0.83 7.84+0.23 146.63
Lactobacillus paracasei KCCM 32822 8.40+0.31 8.09+0.14 27.30
Lactobacillus acidophilus KCCM 40265 8.21+0.19 7.85+0.13 43.55
Lactobacillus brevis KCCM 40399 7.73+£0.16 7.42+0.08 48.62
Lactobacillus pentosus KCCM 40997 7.861+0.06 7.71+0.09 71.14

LAB are cultivated in MRS broth containing oxgall for 4 hr and diluted with saline, and then plated out in MRS-agar.
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Table 5. Time course of the pH changes in stimulated human intestinal model system (SHIMS)

Leuconostoc mesenteroides K01

Lactobacillus plantarum KCTC 3104

Vessel 1 Vessel 2 Vessel 1 Vessel 2
(Stomach) (Intestine) (Stomach) (Intestine)
Time (min) pH Time (min) pH Time (min) pH Time (min) pH
0 6.67 120 6.75 0 5.83 120 6.60
10 2.12 130 6.75 10 2.56 130 6.44
20 2.01 140 6.99 20 2.00 140 6.30
30 2.00 150 6.94 30 2.01 150 6.27
40 2.00 160 6.96 40 2.02 160 6.21
50 2.00 170 6.95 50 2.02 170 6.18
60 2.00 180 6.98 60 2.03 180 6.24
70 2.00 190 6.95 70 2.04 190 6.25
30 2.00 200 6.91 80 2.04 200 6.27
90 1.99 210 6.89 90 2.04 210 6.28
100 1.99 220 6.87 100 2.04 220 6.29
110 1.99 230 6.87 110 2.04 230 6.35
120 1.99 240 6.87 120 2.04 240 6.41
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