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Abstract 

Purpose: In our study, in order to find lactic acid bacteria (LAB) with multi-drug resistance to antibiotics, 

we isolated 140 strains from 15 types of kimchi commercially available in Korea and 20 types of Kimchi 

made at home from January to December in 2016, and investigated their H₂O₂ generating ability and multi-

drug resistance to antibiotics.  

Methods: In order to observe the H₂O₂ generation ability of LAB, we performed the experiment with 

methods such as Rabe, Hillier, and Kang. To test the antibacterial susceptibility of LAB, we used the disc 

agar diffusion method using MRS agar (Difco, USA) according to the CLSI and WHO test methods. 

There are 18 types of antibiotic discs used. 

Results: Out of  the total  numbers of 140 strains,   6 strains of Ent. Faecium,  25 strains of  L. plantarum, 

1 strain of L. rhamnosus,  3 strains of L. sakei, 1 strain of  L. acidophilus, 1 strains  St. thermophilus,  and 

7 of unidentified strains generated H₂O₂ . The antibiotic susceptibility of Ent. Faecium indicated SXT, OX, 

NA, and E; and the antibiotic susceptibility of L. plantarum indicated NA; and the antibiotic susceptibility 

of St. thermophilus indicated NA, CC, RA, CTT, CM, and P ; and the antibiotic susceptibility of L. 

rhamnosus indicated SXT, VA, NA and CTT; and the antibiotic susceptibility of 6 strains of L. sakei 

indicated SXT, OX, NOR, NA, CTT and CIP, all indicating antibiotic resistance. In the case of multi-drug 

resistance to antibiotics for 53 strains of L. antarum,  8-drug resistance was the most common with 25 strains, 

followed by 7-drug-resistant strains with 18 strains, 9-drug-resistant strains with 4 strains, 6-drug-resistant 

strains with 3 strains, 5-drug-resistant strains with 2 strains, and 17-drug-resistant strains with 1 strain. In 

the case of multi-drug resistance to antibiotics for Ent. Faecium 27 strains, 9-drug resistance was most 
commonly identified as 9 strains, 8-drug resistance was identified as 6 strains, 7-  and 11 drug resistances 

were identified as 4 strains each, and 4- and 6-drug resistances were identified as 1 strain each. 

Conclusion: Ent. Faecium, L. plantarum, L. rhamnosus, L. sakei, and St. thermophilus,  shown to have 

anantibacterial activity in previous studies on LAB  and  shown to have and H₂O₂ generating ability, 

antibiotic resistance  and multi-drug resistance in this study, are  expected to be able to play an excellent 

role for long-term inpatients to use as an alternative to antibiotics and to cope with emerging antibiotic 

resistance. 
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The emergence and the spread of multi-drug resistance organism (MDRO) caused by the misuse and 

abuse of antibiotics by long-term inpatients has been causing serious problems in society and public health. 

In the case of microorganisms with antibiotic resistance, 68.5% of the microorganisms that cause infection in 

the human eyeball are resistant to antibiotics [1]. About 45% of Staphylococcus epidermidis, a 

microorganism in the human nasal cavity and skin, were found to be resistant to methicillin [2]. Gram-

positive anaerobic cocci (GPAC), a normal microbial colony living on the skin and mucous membrane 

surface of the human body, is the bacteria that are invasive and cause mixed infections most frequently when 

the host's immunity weakens. The bacteria had resistance rates to clindamycin, tetracycline, and 

moxifloxacin of 14%, 31%, and 24%, respectively, and 11% of the total isolates were multidrug-resistant [3]. 

The exposure to antibiotics by infants was found to be a major cause of delayed development of microbial

 group [4, 5]. The newly emerged Candida auris is a new multidrug-

resistant organism threatening the world [6]. To find ways to 

solve these antibiotic resistances, studies in various aspects are needed. 

Lactic acid bacteria (LAB) inhibit Gardnerella vaginalis by producing H₂O₂, L-lactate, and D-lactate [7].  

And it reduces the rate of vaginitis recurrence from 41% to 20.5% and increases the recurrence time by 28% 

[8].  And according to previous studies, LAB and LAB culture medium show the effect of inhibiting or killing 

pathogenic bacteria [9-11].  And LAB has been suggested as an alternative to solving multi-drug resistance to 

antibiotics. 

Therefore, in this study, in order to find LAB with multi-drug resistance to antibiotics that could serve as a 

substitute for antibiotics or as an adjuvant when using antibiotics for long-term inpatients with high antibiotic 

exposure, we isolated 140 strains from 15 types of Kimchi commercially available in Korea and 20 types of 

Kimchi made at home, and investigated their H₂O₂ generating ability and multi-drug resistance to antibiotics, 

from January to December in 2016. 

 

2. Materials and Methods 

 

2.1 Materials 

 

2.1.1 Test strains. Table 1 shows several  LABs which were isolated from Kimchi for our test strains.  

 

 

Table 1. Kimchi isolated LAB through 16S rRNA sequencing used in this study 

Identification of probiotics Nos. of isolates(%) 

Lactobacillus plantarum (L. plantarum) 53 (37.9) 

Enterococcus faecium (Ent. Faecium) 27 (19.3) 

Lactobacillus rhamnosus ( L.  rhamnosus) 7 (5.0) 

Lactobacillus sakei (L. sakei) 6 (4.3) 

Leuconostoc mesenteroides (Leu. Mesenteroides) 2 (1.4) 

Lactobacillus acidophilus (L. acidophilus) 1 (0.7) 

Lactobacillus alimentarius( L. alimentarius) 1 (0.7) 

Lactobacillus casei( L. casei) 1 (0.7) 
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Lactobacillus pentosus( L. pentosus) 1 (0.7) 

Streptococcus thermophilus (St. thermophilus) 1 (0.7) 

Unidentified 40 (28.6) 

Total 140 

 

In the previous study from January to December in 2016, we identified LAB isolated from 15 

commercially available domestic Kimchi and 20 home-made Kimchi by 16S rRNA sequencing; and by using  

53 strains of  L. plantarum,  27 strains of Ent. Faecium, 7 strains of L. rhamnosus,  6 strains of L. sakei, 2 

strains of Leu. Mesenteroides, 1 strain of  L. acidophilus, 1 strain of L. alimentarius, 1 strain of L. casei, 1 

strain of L. pentosus, 1 strain of St. thermophilus and 40 strain of  the  unidentified,  frozen at -80℃ and 

stored dry,  we performed a research in order to find out the H₂O₂ producing ability and multi-drug resistance 

to antibiotics. 

 

2.1.2 Antibiotics. Table 2 shows the antibiotics used in multi-drug resistance studies. 

 

Table 2. Antibiotics used in multidrug resistance studies 

Antibiotics Volume Manufacturing company 

Ampicillin (AM) 10㎍ BBL (USA) 

Oxacillin (OX) 1㎍ BBL (USA) 

Cephalothin (CF) 300 ㎍ BBL (USA) 

Cefotetan (CTT) 30㎍ BBL (USA) 

Ciprofloxacin (CIP) 5㎍ BBL (USA) 

norfloxacin (NOR) 10 ㎍ BBL (USA) 

Imipenem (IPM) 10㎍ BBL (USA) 

Erythromycin (E) 15㎍ BBL (USA) 

Gentamicin (GM) 10㎍ BBL (USA) 

Streptomycin (SM) 10 ㎍ BBL (USA) 

Clindamycin (CC) 2㎍ BBL (USA) 

trimethoprim/sulfamethoxazole (SXT) 1.25/23.75㎍ BBL (USA) 

nalidixic acid (NA) 30 ㎍ BBL (USA) 

Penicillin (P) 10U BBL (USA) 

Vancomycin (VA) 30㎍ BBL (USA) 

Chloramphenicol (C) 30㎍ BBL (USA) 

Rifampin (RA) 5㎍ BBL (USA) 

Tetracyclin (TE) 30㎍ BBL (USA) 
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The antibiotics used in this study are ampicillin (AM, 10㎍), oxacillin (OX, 1㎍), cephalothin (CF, 300 ㎍), 

cefotetan (CTT, 30㎍), ciprofloxacin (CIP, 5㎍), norfloxacin (NOR, 10 ㎍), imipenem (IPM, 10㎍), 

erythromycin (E, 15㎍), gentamicin (GM, 10㎍), streptomycin (SM, 10 ㎍), clindamycin (CC, 2㎍), 

trimethoprim/sulfamethoxazole (SXT, 1.25/23.75㎍), nalidixic acid (NA, 30 ㎍), penicillin (P, 10U), 

vancomycin (VA, 30㎍), chloramphenicol (C, 30㎍), rifampin (RA, 5㎍), tetracycline (TE, 30㎍). And we 

used BBL (Becton Dickinson & Company, USA) products for all antibiotics. 

 

 2.2 Methods 

 

2.2.1 Testing the H₂O₂ generating ability of LAB.  

 

We conducted an experiment with the methods such as Rabe, Hillier, and Kang in order to observe the H₂O₂ 

generating ability of LAB [12, 13]. 

In order to confirm the H₂O₂ producing ability of LAB, we confirmed each test strain  for homogeneity on 

MRS agar, perform streak plate technique on TMB-Plus culture medium, perform anaerobic  cultures  at 35℃ 

for 2-3 days, and exposed the culture medium  to air. 

Because the horseradish peroxidase in the culture medium oxidizes TMB in the presence of H2O2,  the H2O2  

generating colonies turned blue.  And we used the prepared culture medium in a week. 

 

2.2.2 Testing Antimicrobial Susceptibility of LAB.  

 

To test the antibacterial sensitivity of LAB,  we used the disc agar diffusion method using MRS agar (Difco, 

USA) according to the CLSI and WHO test methods [14, 15]. 

As shown in Figure 2, there are 18 types of antibiotic discs used. 

We inoculated a single colony formed by culturing pure-isolated LAB three times for 48 hours in MRS 

agar culture  medium  under conditions at 37°C under 10%  CO2,  and inoculated a single colony into MRS 

broth (Oxoid, UK), cultured by shaking at 37°C in 10% CO2 for 24 hours.  

We diluted the concentration of the cultured bacterial solution to a standard turbidity of 0.5 on the 

MacFarland scale, applied it uniformly on MRS agar using a sterilized cotton swab, turned the plate in 

directions of left or right, applied once, and finished by rotating the plate around. 

We left the spread plate at room temperature for 30 minutes to dry it, and then divided the 18 antibiotic 

disks into 3 plates using a disc dispenser (Becton Dickinson & Company, USA) and attached them to the 

surface of the culture medium. 

We flipped the spread plate and incubated for 24-48 hours or anaerobic culture at 37°C under 10% CO2 

conditions, and then measured the size of the inhibitor for each antibiotic formed around the disk, and then 

determined multi-drug resistances [16, 17]. 

 

3. Results 

 

3.1 H₂O₂ generating ability of LAB.  

Table 3 shows the H₂O₂ generating ability of 140 LAB strains isolated from Kimchi. 
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Table 3. Distribution of H2O2 producing isolates in LAB isolated from Kimchi 

Probiotics Nos. of isolates Nos. of H2O2-production isolates(%) 

Ent. faecium 27 6(22.2) 

L. acidophilus 1 - 

L. alimentarius 1 - 

L. casei 1 - 

L. pentosus 1 - 

L. plantarum 53 25(47.2) 

L. rhamnosus 7 1(14.3) 

L. sakei 6 3(50.0) 

Leu. mesenteroides 2 - 

St. thermophilus 1 1(100) 

Unidentified 40 7(17.5) 

Total  140 43(30.7%) 

 

Out of the total of 140 strains, 43 strains (30.7%) produced H₂O₂.  Based on the relationship between strains 

by type, 6 strains (22.2%) out of 27 strains of Ent. Faecium; 25 strains  47.2%)  out of 53 strains of L. plantarum; 

1 strain (14.3%)  out of 7 strains of L. rhamnosus;  3 strains  (50.0%) out of 6 strains of L. sakei; 1 strain of  L. 

acidophilus; 1 strain of St. thermophilus;  and 7 strains  (17.5%)   out of 40 unidentified strains produced H₂O₂.  

And the L. alimentarius, L. casei, Leu. Mesenteroides, L. pentosus,  and L. acidophilus did not show the ability 

to generate H₂O₂. 

 

3.2 Antimicrobial Susceptibility of LAB 

3.2.1 Antimicrobial Susceptibility of Ent. Faecium, L. plantarum, and St. thermophilus. 

The result of antimicrobial susceptibility of Ent. Faecium, L. plantarum, and St. thermophilus was as 

shown in Table 4.  

 

 

Table 4. Distribution of resistant, intermediate and susceptible antibiotics of Ent. Faecium, 

L. plantarum and St. thermophilus isolated from Kimchi 

Antibiotics 

Nos. of isolates (%) 

Ent. Faecium(n=27) L. plantarum(n=53) St. thermophilus(n=1) 

R I S R I S R I S 

Ampicillin 1(3.7) 4(14.8) 22(81.5) 1(1.9) - 52(98.1) - - 1(100) 

Streptomycin 25(92.6) 1(3.7) 1(3.7) 50(94.3) 2(3.8) 1(1.9) - - 1(100) 

Sulfamethoxazole/ 

Trimethoprim 
27(100) - - 9(17.0) 8(15.1) 36(67.9) - - 

1(100) 

Vancomycin - - 27(100) 50(94.3) 1(1.9) 2(3.8) - - 1(100) 

Gentamicin 22(81.5) - 5(18.5) 45(84.9) - 8(15.1) - - 1(100) 

Tetracycline - - 27(100) 2(3.8) 3(5.7) 48(90.6) - - 1(100) 

Oxacillin 27(100) - - 32(60.4) 9(17.0) 12(22.6) - - 1(100) 

Norfloxacin 3(11.1) 20(74.1) 4(14.8) 51(96.2) - 2(3.8) 1(100) - - 
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Nalidixic acid 27(100) - - 53(100) - - - 1(100) - 

Erythromycin 27(100) - - 4(7.5) - 49(92.5)   1(100) 

Cephalothin 10(37.0) 10(37.0) 7(25.9) 2(3.8) 14(26.4) 37(69.8) - - 1(100) 

Clindamycin 20(74.1) 3(11.1) 4(14.8) 2(3.8) 19(35.8) 32(60.4) 1(100) - - 

Rifampicin 17(63.0) 8(29.6) 2(7.4) 2(3.8) 3(5.7) 48(90.6) 1(100) - - 

Cefotetan 15(92.6) 1(3.7) 1(3.7) 52(98.1) - 1(1.9) 1(100) - - 

Chloramphenicol - - 27(100) 1(1.9) - 52(98.1) 1(100) - - 

Penicillin - 12(44.4) 15(55.6) 1(1.9) 28(52.8) 24(45.3) 1(100) - - 

Imipenem - - 27(100) 1(1.9) - 52(98.1) - - 1(100) 

Ciprofloxacin - 21(77.8) 6(22.2) 51(96.2) - 2(3.8) - - 1(100) 

R :  resistant, I : intermediate, S : susceptible 

 

 

In the case of antibiotic susceptibility of 27 strains of Ent. Faecium,  they were all resistant to SXT, OX, 

NA, and E, and resistance to S and CTT were 92.6%, GM 81.5%, CC 74.1%, CTT 63.0%, CF 37.0%, and AM 

3.7%, respectively , and there was  no resistance to VA, TE, CM, P, IMP and CIP. In the case of intermediate 

resistance of antimicrobials, CIP was the highest at 77.8%, and NOR at 74.1%, P at 44.4%, CF at 37.0%, RA 

at 29.6%, AM at 14.8%, CC at 11.1%, CTT and S were at  3.7%, respectively. The remaining antimicrobials 

do not have any intermediate resistance. 

Susceptibilities were 100% each for VA, TE, CM and IMP.  And  AM has the susceptibilities of 81.5%, P 

55.6%, CF 25.9%, CIP 22.2%, GM 18.5%, NOR and CC have 14.8% , and RA 7.4%, respectively.  And S and 

CTT have 3.7% each.  There were no susceptibilities  for  SXT, NA and E. 

In the case of antibiotic susceptibility of 53 strains of L. plantarum,  all NAs showed resistances. The  

resistance was 98.1% to CTT,  96.2% to NOR and CIP,  84.3% to VA and S,  84.9% to GM,  

60.4% for OX and 17.0% to SXT. The remaining antimicrobials showed less than 10% resistance. 

The intermediate resistance was the highest at 52.8% to P, followed by 35.8% to CC, 26.4% to CF, and 

15.1% to SXT, and the rest were less than 10%. 

The susceptibility was the highest for AM, CM, and IMP at 98.1%; followed by E at 92.5%; TE, and RA, 

CF at 90.6%; CF at 69.8%; SXT at  67.9%; CC at  60.4%; P at 45.3%;, and OX at 22.6%. The remaining 

antimicrobial agents showed less than 10% of susceptibilities. 

The antibiotic susceptibility of one strain of St.  thermophilus was resistant to NA, CC, RA, CTT, CM and 

P,  but was not resistant to all other antibiotics. We found that there was an intermediate resistance only to NA, 

and the rest of the antimicrobials did not show an intermediate resistance.  

Susceptibility was found in AM, S, SXT, VA, GM, TE, OX, CF, IMP and CIP; but not in the remaining 

antimicrobial agents. 

In the case of 40 unidentified bacterial strains, the susceptibility of antibiotics was shown to have a high  

resistance of  97.5% to TT and NA each.  And the resistance was 95% to S;  90.0% to  VA;  87.5% to NOR 

and  CIP each; 72.5% to  SXT, GM and  OX each;   37.5% to CF;  35% to AM and CC each;  32.5% to E;  and 

30% to  TE, RA, CM,  P ad  IMP each.  

For intermediate resistances, P was the highest at 35.0%, followed by CF and RA at 20.0% each; OX and 

CC at 15.0% each; TE at 12.5%; AM and SXT at 7.5% each; and CIP at 2.5%,  and the remaining antibacterial 

agents did not show any intermediate resistance.  Regarding susceptibilities, IMP was the highest at 70%; E 

and CM at 67.5% each;  AM and TE at 57.5% each;  RA and CTT at  50.0% each;  CF at 42.5%;  P at 35.0%;  
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GM at 27.5%; SXT at 20.0%;  CIP at 15.0%;  OX and NOR at 12.5% each;  VA at 10%, and the remaining 

antimicrobials showed a susceptibilities of less than 10%. 

 

3.2.2  Antimicrobial Susceptibilities of L. rhamnosus, L. sakei , and  Unidentified LAB. 

Table 5 shows the result of the antimicrobial susceptibilities  of L. rhamnosus, L. sakei , and  unidentified 

LABs. 

 

 

Table 5. Distribution of resistant, intermediate and susceptible antimicrobials of L. 

rhamnosus, L. sakei  and unidentified  LAB isolated from Kimchi 

Antibiotics 

Nos. of isolates (%) 

L. rhamnosus(n=7) L. sakei(n=6) Unidentified(n=40) 

R I S R I S R I S 

Ampicillin - 1(14.3) 6(85.7) - 2(33.3) 4(66.7) 14(35.0) 3(7.5) 23(57.5) 

Streptomycin - - 7(100) - 1(16.7) 5(83.3) 98(95.0) - 2(5.0) 

Sulfamethoxazole/ 

Trimethoprim 
7(100) - - 6(100) - - 29(72.5) 3(7.5) 8(20.0) 

Vancomycin 7(100) - - 5(83.3) 1(16.7) - 36(90.0) - 4(10.0) 

Gentamicin 6(85.7) - 1(14.3) 2(33.3) - 4(66.7) 29(72.5) - 11(27.5) 

Tetracycline - - 1(100) - - 6(100) 12(30.0) 5(12.5) 23(57.5) 

Oxacillin 1(14.3) 3(42.9) 3(42.9) 6(100) - - 29(72.5) 6(15.0) 5(12.5) 

Norfloxacin - 4(57.1) 3(42.9) 6(100) - - 35(87.5) - 5(12.5) 

Nalidixic acid 7(100) - - 6(100) - - 39(97.5) - 1(2.5) 

Erythromycin 1(14.3) - 6(85.7) - - 6(100) 13(32.5) - 27(67.5) 

Cephalothin - 1(14.3) 6(85.7) - - 6(100) 15(37.5) 8(20.0) 17(42.5) 

Clindamycin - - 7(100) - - 6(100) 14(35.0) 6(15.0) 20(50.0) 

Rifampicin  1(14.3) 6(85.7) - 4(66.7) 2(33.3) 12(30.0) 8(20.0) 20(50.0) 

Cefotetan 7(100) - - 6(100) - - 39(97.5) - 1(2.5) 

Chloramphenicol - - 7(100) - - 6(100) 12(30.0) 1(2.5) 27(67.5) 

Penicillin - - 7(100) - 3(50) 3(50) 12(30.0) 14(35) 14(35.0) 

Imipenem - - 7(100) - - 6(100) 12(30.0) - 28(70.0) 

Ciprofloxacin - - 7(100) 6(100) - - 33(82.5) 1(2.5) 6(15.0) 

R :  resistant, I : intermediate, S : susceptible 

 

 

Antibiotic susceptibilities for 7 strains of L. rhamnosus showed resistance to all of SXT, VA, NA and CTT;   

GM showed resistance of 85.7%; OX and E showed resistances of 14.3% each; and all other antibacterial 

agents showed no resistances. 

In the case of intermediate resistance to antimicrobial agents, NOR was the highest at 57.1%; OX was at 

42.9%; AM, CF and RA were at 14.3% each; and the rest of the antimicrobials had no intermediate resistances. 

In the case of antimicrobial susceptibilities, TE, CC, CM, O, IMP, and CIP all showed susceptibilities;  
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AM, E, CF, and RA had the susceptibilities of 85.7% each; and OX and NOR each had the susceptibilities 

of 42.9% each;  and GM had a susceptibility of 14.3%;  while  there were no susceptibilities  to the rest of the 

antimicrobial agents. 

In the case of antibiotic susceptibilities for the L. sakei 6 strains, SXT, OX, NOR, NA, CTT and CIP all 

showed resistances; intermediate resistance was the highest with RA at 66.7%;  P of 50%, AM of  33.3%, S 

and VA of 16.7% each showed intermediate resistance; and the rest of the antimicrobials did not show any of 

intermediate resistances. 

In the case of antimicrobial susceptibilities, TE, E, CF, CC, RA, P and IMP all showed susceptibilities; S 

showed susceptibility of 83.3%; AM and GM of 66.7% each; P of 50%; RA of 33.3%;  but the rest of the 

antibacterial agents did not show any of susceptibilities. 

 

3.2.3  Antibiotic Multi-Drug  Resistances of L. plantarum Isolated From Kimchi. 

The antibiotic multi-drug resistances in L. plantarum isolated from Kimchi are shown in Table 6. 

 

 

Table 6. Multiple antimicrobial resistance patterns in L. plantarum isolated from Kimchi. 

Class Multiple antimicrobial resistance patterns Nos. of isolates Subtotal(%) 

5 SXT-GM-NOR-NA-CIP 1 2(3.8) 

  VA-NOR-NA-CTT-CIP 1   

6 S-SXT-VA-TE-NA-CTT 1 3(5.7) 

  S-VA-NOR-NA-CTT-CIP 2   

7 S-GM-OX-NOR-NA-CTT-CIP 1 18(33.9) 
 S-SXT-OX-NA-E-RA-CTT 1  

 S-VA-GM-NOR-NA-CTT-CIP 12  

 S-VA-GM-OX-NOR-NA-CTT 1  

 S-VA-OX-NOR-NA-CTT-CIP 2  

  VA-GM-OX-NOR-NA-CTT-CIP 1   

8 S-SXT-VA-GM-NOR-NA-CTT-CIP 1 25(48.2) 
 S-VA-GM-NOR-NA-CC-CTT-CIP 1  

 S-VA-GM-NOR-NA-E-CTT-CIP 2  

 S-VA-GM-OX-NOR-NA-CTT-CIP 20  

  S-VA-OX-NOR-NA-CF-CTT-CIP 1   

9 S-SXT-VA-GM-OX-NOR-NA-CTT-CIP 4 4(7.5) 

17 
AM-S-SXT-VA-GM-OX-NOR-NA-E-CF-CC-RA-

CTT-CM-P-IMP-CIP 
1 1(1.9) 

Total 53 53 

AM:ampicillin, S: streptomycin, SXT: sulfamethoxazole/trimethoprim, VA: vancomycin, GM: gentamicin, TE: tetracycline, 

OX: oxcillin, NOR: norfloxacin, NA: nalidixic acid, E: erythromycin, CF: cephalothin, CC: colistin, RA: rifampicin, CTT: 

cefotetan, C: chloramphenicol, P: penicillin, IMP: imipenem, CIP: ciprofloxacin. 

 

 

For the multi-drug resistance of the 53 strains of L. plantarum,  among the 53 antibiotic resistance strains, 

8-drug resistance was the highest with 25 strains (47.2%);  7-drug resistance to 18 strains (33.9%); 9-drug 

resistance to 4 strains (7.5%);  6-drug resistance to 3 strains (5.7%);  5-drug resistance to 2 strains (3.8%);  and 

17-drug resistance to 1 strain (1.9%) followed. 

Out of them, resistance to S-VA-GM-OX-NOR-NA-CTT-CIP were the highest with 20 strains (37.7%);  
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there were 12 strains (22.6%) resistant to S-VA-GM-NOR-NA-CTT-CIP;  and 4 strains (7.5%) resistant to S-

SXT-VA-GM-OX-NOR-NA-CTT-CIP. And resistances to S-VA-NOR-NA-CTT-CIP, resistances to S-VA-

OX-NOR-NA-CTT-CIP, and resistance tos S-VA- GM-NOR-NA-E-CTT-CIP were for 2 strains (3.8%), in 

the order. 

And were  there shown the  resistances  of 1 strain to SXT-GM-NOR-NA-CIP; the resistances to VA-NOR-

NA-CTT-CIP; the resistances to S-SXT-VA-TE-NA-CTT; the resistances to S-GM-OX-NOR-NA-CTT-CIP;  

the resistances to S-SXT-OX-NA-E-RA-CTT;  the resistances to S-VA-GM-NOR-NA-CTT-CIP;  the 

resistances to VA-GM-OX-NOR- NA-CTT-CIP;  the resistances to S-SXT-VA-GM-NOR-NA-CTT-CIP; the 

resistances to S-VA-GM-NOR-NA-CF-CTT-CIP;  and  the resistances to  AM-S-SXT-VA-GM-OX-NOR-NA-

E-CF-CC-RA-CTT-CM-P-IMP-CIP . 

 

3.2.4  Antibiotic Multi-Drug Resistances  in Ent. faecium isolated From Kimchi. Figure 7 shows the 

antibiotic multi-drug resistances in Ent. faecium isolated from Kimchi. 

 

 

Table 7. Multiple antimicrobial resistance patterns in Ent. faecium isolated from Kimchi 

Class Multiple resistance patterns Nos. of isolates Subtotal(%) 

4 SXT-OX-NA-E-RA 1 1(3.7) 

6 S-SXT-OX-NA-E-CTT 1 1(3.7) 

7 S-SXT-GM-OX-NA-E-CTT 1 4(14.8) 

 S-SXT-OX-NA-E-RA-CTT 3  

8 S-SXT-GM-OX-NA-E-CC-CTT 4 6(22.2) 

 S-SXT-GM-OX-NOR-NA-E-CTT 1  

 SXT-GM-OX-NA-E-CC-RA-CTT 1  

9 S-SXT-GM-OX-NA-E-CC-RA-CTT 5 9(33.3) 

 S-SXT-GM-OX-NA-E-CF-CC-CTT 3  

 S-SXT-GM-OX-NA-E-CF-CC-RA 1  

10 S-SXT-GM-OX-NA-E-CF-CC-RA-CTT 2 2(7.4) 

11 AM-S-SXT-GM-OX-NA-E-CF-CC-RA-CTT 1 4(14.8) 

 S-SXT-GM-OX-NOR-NA-E-CF-CC-RA-CTT 3  

 Total 27 27 

AM: ampicillin, S: streptomycin, SXT: sulfamethoxazole/trimethoprim, VA: vancomycin, GM: gentamicin, TE: tetracycline, 

OX: oxcillin, NOR: norfloxacin, NA: nalidixic acid, E: erythromycin, CF: cephalothin, CC: clindamycin, RA: rifampicin, CTT: 

cefotetan, C: chloramphenicol, P: penicillin, IMP: imipenem, CIP: ciprofloxacin. 

 

 

For the multi-drug resistance to the 27 strains of Ent. Faecium,  out of the 27 antibiotic resistance strains, 

9-drug resistance was the highest with 9 strains (33.3%));  8-drug resistance to 6 strains (22.2%); 7-drug and 

11-drug resistances to 4 strains (14.8%); and 4-drug  and 6-drug resistances to 1 strain (1.9%). 

Out of the patterns of multi-drug resistances, resistances to S-VA-GM-OX-NOR-NA-CTT-CIP were the 

highest with 5 strains (18.5%);  there were 4 strains (14.8%) resistant to S-SXT-GM-OX-NA-E-CC-CTT; and 

resistances to S-SXT-OX-NA- E-RA-CTT; resistances to S-SXT-GM-OX-NA-E-CF-CC-CTT; and 

resistances to S-SXT-GM-OX-NOR-NA-E- CF-CC-RA-CTT were for 3 strains (18.5%). 

There shown were 2 strains (7.4%) resistant to S-SXT-GM-OX-NA-E-CF-CC-RA-CTT.  And were  there 

shown the  resistances  of 1 strain to  SXT-OX-NA-E-RA,  the resistances to S-SXT-OX-NA-E-CTT;  the 
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resistances to S-SXT-GM-OX-NA-E-CTT; the resistances S-SXT-GM-OX-NOR-NA-E-CTT;  the resistances 

to SXT-GM-OX-NA-E-CC-RA-CTT;  the resistances to S-SXT- GM-OX-NA-E-CF-CC-RA,; and  the 

resistances to  AM-S-SXT-GM-OX-NA-E-CF-CC-RA-CTT .  

 

4. Discussion 

 

In 1994, the World Health Organization considered that LAB would be the most important immune defense 

mechanism for the next generation when the commonly prescribed antibiotics were rendered obsolete by 

antibiotic resistance. The outbreak of antibiotic resistance has opened the door for a new concept of LAB in 

the medical field. 

It has been reported that L. rhamnosus  exhibits antagonistic activity against pathogens, H₂O₂ generating  

ability,  generation of organic acids and lactic acid,  antioxidant and anti-inflammatory activities, and resistance 

to antibacterial agents [18]. 

L. sakei showed antibacterial activity and H₂O₂ generating ability against Listeria monocytogenes, 

Staphylococcus aureus, and Pseudomonas aeruginosa [19]. 

It has been reported that Lactobacillus salivarius exhibits high antibacterial activity, acidic pH-resistant 

lysozyme, and H₂O₂ generating ability [20].. 

L. plantarum showed significant generating abilities in antifungal, antibacterial activity, organic acids, and 

H₂O₂ for yeasts (Rhodotorula glutinis and Candida pelliculosa), fungi (Penicillium digitatum, Aspergillus niger, 

Fusarium oxysporum, and Rhizopus oryzae), and pathogenic bacteria (Listeria monocytogenes and Salmonella 

enterica) [21]. 

Lactic acid bacteria (LAB) which generate  H2O2   are involved in non-specific antibacterial action of the 

host under anaerobic or slightly anaerobic conditions. 

In this study, we found that 6 strains from 27 strains of Ent. Faecium; 25 strains from 53 strains of  L. 

plantarum; 1 strain from  7 strains of  L. rhamnosus; 3 strains from 6 strains of  L. sakei; 1 strain from 1 strain  

of St. thermophilus; and 7 strains from unidentified 40 strains, separated from Kimchi, produced H₂O. 

When antibiotics are administered to long-term inpatients for a long period of time, beneficial LAB as well 

as harmful microorganisms present in the human body are killed, resulting in diarrhea, vaginitis and atopic 

dermatitis due to the imbalance of microorganisms. 

We studied antibiotic resistance and mult-drug resistance in order to determine whether long-term 

inpatients can use them as an antibiotic substitute or an antibiotic adjuvant. 

The results are as follows.  In the case of antibiotic susceptibility of 27 strains of Ent. Faecium,  SXT, OX, 

NA, and E were all resistant; and resistance to S and CTT was 92.6%,  GM 81.5%,  CC 74.1%,  CTT 63.0%,  

CF 37.0%,  and AM 3.7%, respectively; In the case of antibiotic susceptibility to 53 strains of L. plantarum, 

all NAs showed resistances. The  resistances were 98.1% for CTT,  96.2% for NOR and CIP,  84.3% for VA 

and S,  84.9% for  GM, 60.4% for OX and 17.0% for  SXT. 

The antibiotic susceptibility of one strain of St.  thermophilus was resistant to NA, CC, RA, CTT, CM and 

P. Antibiotic susceptibility to 7 strains of L. rhamnosus showed resistance to all of SXT, VA, NA and CTT;   

GM showed resistance of 85.7%, OX and E showed resistance of 14.3% each. 

In the case of antibiotic susceptibility for the L. sakei 6 strains, SXT, OX, NOR, NA, CTT and CIP all 

showed resistance 

For the multi-drug resistance to the 27 strains of Ent. Faecium,  among the 27 antibiotic resistance strains, 

9-drug resistance was the highest with 9 strains (33.3%));  8-drug resistance to 6 strains (22.2%); 7-drug and 

11-drug resistances to 4 strains (14.8%);  4-drug  and 6-drug resistances to 1 strain (3.7%). 
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Among the patterns of Multi-Drug Resistances, resistance to S-VA-GM-OX-NOR-NA-CTT-CIP was the 

highest with 5 strains (18.5%);  there were 4 strains (14.8%) resistant to S-SXT-GM-OX-NA-E-CC-CTT, and 

resistance to S-SXT-OX-NA- E-RA-CTT, resistance to S-SXT-GM-OX-NA-E-CF-CC-CTT, and resistance 

to S-SXT-GM-OX-NOR-NA-E- CF-CC-RA-CTT were for 3 strains (11.1%). 

There were  2 strains (7.4%) resistant to S-SXT-GM-OX-NA-E-CF-CC-RA-CTT.  The resistances to SXT-

OX-NA-E-RA,  the resistances to S-SXT-OX-NA-E-CTT,  the resistances to S-SXT-GM-OX-NA-E-CTT, the 

resistances S-SXT-GM-OX-NOR-NA-E-CTT, the resistances to SXT-GM-OX-NA-E-CC-RA-CTT, the 

resistances to S-SXT- GM-OX-NA-E-CF-CC-RA, and  the resistances to  AM-S-SXT-GM-OX-NA-E-CF-CC-

RA-CTT were for 1 strain. 

For the multi-drug resistance to the 53 strains of L. plantarum,  among the 53 antibiotic resistance strains, 

8-drug resistance was the highest with 25 strains (47.2%);  7-drug resistance to 18 strains (33.9%); 9-drug 

resistance to 4strains (7.5%);  6-drug resistance to 3 strains (5.7%);  5-drug resistance to 2 strains (3.8%);  and 

17-drug resistance to 1 strain (1.9%) followed. 

Out of them, resistance to S-VA-GM-OX-NOR-NA-CTT-CIP was the highest with 20 strains (37.7%);  

there were 12 strains (22.6%) resistant to S-VA-GM-NOR-NA-CTT-CIP and 4 strains (7.5%) resistant to S-

SXT-VA-GM-OX-NOR-NA-CTT-CIP. And resistance to S-VA-NOR-NA-CTT-CIP, resistance to S-VA-OX-

NOR-NA-CTT-CIP, and resistance to S-VA- GM-NOR-NA-E-CTT-CIP were for 2 strains (3.8%), in the order. 

Out of the resistances to SXT-GM-NOR-NA-CIP,  the resistances to VA-NOR-NA-CTT-CIP, the 

resistances to S-SXT-VA-TE-NA-CTT, the resistances to S-GM-OX-NOR-NA-CTT-CIP,  the resistances to 

S-SXT-OX-NA-E-RA-CTT,  the resistances to S-VA-GM-NOR-NA-CTT-CIP, the resistances to VA-GM-

OX-NOR- NA-CTT-CIP,  the resistances to S-SXT-VA-GM-NOR-NA-CTT-CIP, the resistances to S-VA-

GM-NOR-NA-CF-CTT-CIP,  and  the resistances to  AM-S-SXT-VA-GM-OX-NOR-NA-E-CF-CC-RA-

CTT-CM-P-IMP-CIP were for 1 strain. 

Therefore, we demonstrated the antibacterial activity of LAB in previous studies and demonstrated that 

LAB has H₂O₂ generating ability and resistance to antibiotics in this study,  and we proved that these can serve 

as antibiotic substitutes or antibiotic adjuvants for long-term inpatients. 

However, since this is the result of an In Vitro study, it seems that more In Vivo studies are needed. 

In addition, LAB is rich in antimicrobial resistance genes (ARGs), but it is not dangerous because it does 

not have a mobile genetic element (MEG). However, it was shown that the LAB has a high possibility of 

metastasis of antimicrobial resistance genes (ARGs) in the intestinal microbial population [22] 

When we plan to develop commercial LAB strains, we should always take care. 

 

5. Conclusion 
 

Currently, LAB as a commercial strain is widely used in vaginitis treatments, health functional foods, and 

atopic dermatitis treatments. 

Researches on LAB, as a substitute for antibiotics or as an adjuvant that can be used together with antibiotics 

for long-term inpatients, are still at an insignificant level. 

The use of LAB in long-term hospitalized patients is thought to be effective in reducing troubles such as 

the intestines, skin, and female vagina. 

In our study, Ent. Faecium, L. plantarum, L. rhamnosus , L. sakei ,  and St. thermophilus,  shown to have 

anantibacterial activity in previous studies on LAB  and  shown to have and H₂O₂ generating ability, antibiotic 

resistance  and multi-drug resistance in this study, are  expected to be able to play an excellent role for long-

term inpatients to use as an alternative to antibiotics and to deal with emerging antibiotic resistance. 
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