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Antimicrobial Characteristics of Metabolites of Lactic Acid Bacteria
Isolated from Feces of Newborn Baby and from Dongchimi

Ji-Young Lee, Yeong-Soo Park, Yong-Suk Kim and Dong-Hwa Shin*
Faculty of Biotechnology (Food Science and Technology Major), Chonbuk National University

The antimicrobial effects of metabeolites from isolated strains from feces of Korean newborn baby and from
Dongchimi against six food-borne microorganisms, and characteristics of the metabolites were investigated.. The
metabolites from isolated strains adjusted pH to 3.5, 4.0, and 4.5 showed strong growth inhibition against S.
Typhimurium, and S. Enteritidis. The metabolites has kept its inhibition activities to the pathogens after catalase,
trypsin or pepsin treatment. In addition, antimicrobial activity of metabolites was not decreased by heat
treatment at 121°C for 15 min. D2 and F35-2 strains were confirmed homofermentative and F20-3 was
heterofermentative bacteria identified by final organic acid and gas production. The amount of lactic acid
produced by D2 and F35-2 strains after 24 h of incubation was 1.84 and 1.85% respectively, but F20-3 strain

produced acetic acid (0.22%) and lactic acid (0.91%).
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ZF2& A AFZLY, B. longum®] HARFE-S BHoA £
N Streptococcus dFE F4E AMITIL BAEHAT,
g AFE 8o L monocytogenes$t Lactobacillus bul-
garicus 2 L. plantarum 37°COIX 20A17HAlA EF ul
k8l 79 Listeria monocytogenes®] Z210] 4x3] A=A
om® I lactisd] 3 Salmonella®: 3} Escherichia coli
0157 : H79] F4]0] AAIFAckL EsATH.

olF FHibFE f714F, I8 4 D bacteriocin T A
st O mAlEY S48 Asidoi dEA A 7]
ke 2 A7 g e ®, pHE TAAA HFE
uA g fa vjAEY F4E JAsE AEE 0.

[Slihan BE=1

T8l FAE Lactobacillus$ol 2314 AAHE BEE 4
F5 AER A4 vAES FHE A AU AFEA
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Ity REAopion, g5 bacteriocine T A F
Ho}, vtk B2 acidolin®®, acidophilin®?, diacetyl™®,
lactoperoxidase system” £ SpERE-S il BAEQITh

A2z probioticsEA 7FsAdol oH, AFE WAL

e oMAse ANEe Pk, A% A 73
2 o) Ao} BHEIE)FH FAVGNRINN WY

WdEAdoel de #55 B, dage 5% &
FE Lactobacillus%: 2.2 FHFY T BAsIETHo, 2 A
goxe 2 ik dAMIEY 549 2 7BA a3
ol AFE mAlE g S2YA 712 golE ) s
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Aol Bz S v R Ho] 16S rDNA gene
sequencing®l] 23] D29} F35-2& Lactobacillus plantarum
(99.9%)Z, F20-32 Lactobacillus fermentum(99.6%)2-%., K1
< Lactobacillus plantarum(96.0%)2.%2 &4 198 Zakgo] 7]
A FAHAI= Table 194 HoAFe A 2, 784
< F4s7] Hall AMee AEE mAEY SR vk
< Table 29} 2t} 659 255 vAE 1gels A
A 10 mLol| FFF3te] 24X 7 wlFAIZ] F- ul g 0.1 mLE
FHal A= w2 10 mLell HEBH 18A7HE<E 23} M
U 2 vl S Ago] At

ALS R % Alo}

ZAA9] vl Lactobacilli MRS broth(Difco, MD,
USA)S AREstsL, ikt tiak=e 3+ 548 d9n
7} $18lA catalase(from bovine liver), pepsin(from porcine
stomach mucosa), trypsin(from porcine pancreas) BAE
Sigma Chemical Co.(MO, USA)olA FQ&to] ALg-stsith.

Aokdol ks K71 BAE7] 918 high perfor-
mance liquid chromatography(HPLC, Shimadzu, LC-10AD,
Japan)E ©] 83183 HPLCE AA4E Duksan Pure Chem-
icakFH(Korea), H,SO= MerckAHGermany) Al&5S AMEEIR0
o, f713F AL 9T FEFOR A} 24E Sigma
Chemical Co.(MO, USA) AIFS F43te] AME3sIsith

=2 2F tjAbEe] it

F42E S AT 2Y #5379 gAES oe
7ol wHEQlth &, MRS brothe] #e] #FE HE sl
37°ColA 24X 7HEE 7] Mg BEAL 10,000 gl A
1587 daliedste AAdg I, o AHAg dad
0.22 um membrane filter(Millipore Co. Ireland)Z |3+ A
< UARHER Stk

L)

222F ARE &V 554 ASE olMEo| SAYK|

S E wAel E2 @5 fARIES 5%, 10% 2
20%(vivig T2 Hbslal, AR AFE AAE 1%WY)
& el FFS 10mLE 24T & wjdaiglon, 43
9] Z7IF%EE 10°~10" CFUMLFZ0] %2 31%th Bio-
screen C(Labsystem, Helsinki, Finland)©] wellol] FH]E A&

Table 1. Origins and characteristics of selected isolates after
screening for stability to bile salt (0.15%) and acidic
environment (pH 3.0)

Isolate Identified as Origin

D2 Lactobacillus plantarum Dongchimi
F20-3 L. fermentum
F35-2 L. plantarum
K1 . Lactobacillus spp.

Feces of newborn baby
Meconium of newborn baby
Korean Food Research Institute
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HCIZ pH7} 5, 6 B 7°] Hx== st & M4 =
ARs dARHEES 50, 60, 70, 80 R 90°CY] 2=ellA 3087
7rEAE s, 121C AfolAde 1587 M5t

H,0,9 9&& =437 98l catalase E40F ARSI,
YAAEES] catalaseS 30 univmL7} S =E H71E 3 30°C
oA 2087 HESAIAT ©ilE EelgAX e wypsind
pepsing thARHESl Z2H2; 100 univmL7t RS FHURRE &
30°CoN 60%7F WA AT ZF EAE 0.05 M phosphate
buffer(pH 7.0)°l €-8§A1Zl 5 0.22 um membrane filter2 A
a3 F ARk

AR S] @S HadE AFE PAE ulg A
(TSB =2 NB)| A8 tirpite B8 A= ndE
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Table 2. List of food pathogens and media used for antimicrobial experiment

Microorganisms tested Media used Temp. (°C)
Listeria monocytogenes ATCC 19111 TSB & TSAP 30
Bacillus cereus ATCC 11778 NB & NA? 30
Salmonella Typhimurium ATCC 14028 NB & NA 30
Escherichia coli O157:H7 ATCC 43894 TSB & TSA 37
Staphylococcus aureus ATCC 25923 TSB & TSA 37
Salmonella Enteritidis KCCM 12021 TSB & TSA 37

"TSB & TSA: Tryptic soy broth and Tryptic soy agar (Difco).
NB & NA: Nutrient broth and Nutrient agar (Oxoid).
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Table 3. HPLC condition for organic acid analysis

Detector UV detector(SPD-10A)
Absorbance 210 nm
Temperature 60°C
Column Aminex HPX-87H . _
(300 mm X 7.8 mm, Bio-Rad, Richmond, USA)
Mobile phase 0.05 M H2504
Flow rate 0.6 mL/min

Injection volume 10 uL

pHet it S0 M2 ASE OjldE2 SAX

2F5 uAEe] 27] pHO e FAPEE AHET] ¢
sled, ¥ix]o] 1 N HCES o]&3l zr wiz|9] pHE 3.5, 4.0,
45,50, 55, 60 ¥ 652 2359tk 1 N HCIE pHE =
A wiA e AFE nABES FE3 F, Bioscreen CE A}
|t AFE AEY F24 JAESE ST

2FE uAES] FArbrrd ME FAPEE AFHRY] ¢
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Table 4. Influences of neutralized pH-on the antimicrobial activities of metabolites from lactic acid bacteria isolate

Microorganisms Isol Metabolites pH

tested solate (20%) 5 6 7
L. monocytogenes K1? 99.14" 2757 15.05 13.64
ATCC 19111 D2 99.11 27.19 15.97 13.59
F20-3 77.89 21.75 10.90 6.89
F35-2 98.84 32.39 15.48 12.28
B. cereus K1 98.36 97.02 38.28 27.77
ATCC 11778 D2 99.57 97.94 25.20 21.61
F20-3 98.87 78.61 19.71 6.89
F35-2 99.03 97.45 41.96 18.18
S. Typhimurium K1 99.86 95.99 38.34 36.67
ATCC 14028 D2 99.98 97.37 44.24 37.30
F20-3 99.46 93.24 2497 20.95
F35-2 98.66 98.21 43.26 38.16
S. aureus K1 99.02 38.37 3147 19.99
ATCC 25923 D2 98.78 50.00 38.59 22.70
F20-3 63.83 26.22 21.21 17.80
F35-2 98.74 41.85 33.19 21.67
E. coli O15T:H7 K1 98.84 19.27 15.39 5.85
ATCC 438%4 D2 98.80 22.70 15.44 3.64
F20-3 6737 18.63 15.23 6.63
F35-2 98.74 19.60 18.37 745
S. Enteritidis K1 98.79 34.15 28.40 23.54
KCCM 12021 D2 98.91 37.67 27.20 2431
F20-3 72.17 19.73 13.80 13.09
F35-2 98.86 32.87 27.56 21.62

YGrowth inhibition rate(%)=[1-(T1/T2)] X 100.

T1: Total area of growth curve of treatment by Bioscreen C for 72 h incubation at 30°C or 37°C.
T2: Total area of growth curve of control by Bioscreen C for 72 h incubation at 30°C or 37°C.
BK1: Lactobacillus spp., D2: L. plantarum, F20-3: L. fermentum, F35-2: L. plantarum..
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Table S. Influences of catalase, pepsin or trypsin on the antimicrobial activities of metabolites from lactic acid bacteria isolate

Microorganisms tested Isolate Metabolites (20%) Catalase (30 U/mL) Pepsin (100 U/mL) Trypsin (100 U/mL)
L. monocytogenes K1? 99.14"Y 99.11 98.52 98.61
ATCC 19111 D2 99.11 99.08 97.94 98.67
F20-3 77.89 57.84 73.35 70.18
F35-2 98.84 98.80 97.80 98.36
B. cereus K1 98.36 98.22 97.19 95.86
ATCC 11778 D2 99.57 99.34 98.86 97.95
F20-3 98.87 57.53 97.38 95.48
F35-2 99.03 99.34 97.76 96.86
S. Typhimurium K1 99.86 99.63 98.04 97.78
ATCC 14028 D2 99.98 99.65 98.42 98.54
F20-3 99.46 58.85 98.42 94.30
F35-2 98.66 98.63 98.77 97.87
S. aureus K1 99.02 98.34 98.10 98.10
ATCC 25923 D2 98.78 98.26 98.93 98.24
F20-3 63.83 51.28 59.49 4552
F35-2 98.74 98.04 98.61 97.97
E. coli O157:H7 K1 98.84 98.77 98.59 98.73
ATCC 43894 D2 98.80 98.75 98.93 98.73
F20-3 67.37 55.79 60.81 65.40
F35-2 98.74 98.58 98.59 98.73
S. Enteritidis K1 98.79 98.77 98.94 98.81
KCCM 12021 D2 9891 98.07 98.91 99.13
F20-3 7217 59.04 75.12 79.25
F35-2 98.836 98.80 98.82 98.81

19See footnote on Table 4.

24 dAE AR FS AFS mAES F53 $ Bio-
screen CS ARR-SHS] 255 njAdlEe] Z2) oA&S vepd
A= Table 49 72t}

Table 494 XA B. cereus®}t S. Typhimurium® 73--<ll
pH 594 = FFEH7L FAHJ2Y, 1 o)) pHAllM =
a7t At e ASE A EdME pHYt &
o Ao dyamt Aidste AF%S JeERA

o[¢} Zro] pHZF AbAellA F2oA] Fgol Aslar, 54
o7 Z4E 1 o] 2HEE AL oln] HIH vt 9l
T} Shahani "% Lactobacillus acidophilus7} A3+t &
= acidophilin® &) gollx] M EA] &ttt &%
T} Kuhnen 5990 ¥-2)8: Streptococcus faecalis var ligue-
faciens K49] 4EF LIQ4A% pH 800 4o &= BAo] &
AT} T Kozak 5% S, lactisol A 223 lactostrep-
cine pH 7.0-8.0°14 & @40l A=, pH 4.2-5.004=
24 YeRIY 9t oepa] 2 fAREES b pH
oA 3tEd-S UlERY, pHYl S W= Zlom FHH

SREMN Olkl= catalase E40| 24t

A2 ] gaAdEde] H0,Y 74 Adslr) 918
catalase §45 ARSI, tHARAES] catalaseE 30 unit/mL
7F WS 7R $ 30°ColA 2087 WAl o Ax)
= Table 5904 RE Hlg} 7o) KI1, D2, F35-2 thalakzo)
AN o] AAEA] gtovg thAMFELS catalase &
Aol Y HO,= SAeA] e oz FAHE. o

2 F20-32 htEel 4F AAHY, AAFE F H0, 9
FE A& AoE FHEH

L. acidophilus, L. casei, S. thermophilus®] 734-9-o= thA}
Ao catalase A Folx FFEAHL FAFHUAZ®, L
plantarum® APIE3L Bifidobacterium bifidum 7339 %
graaAdo] QoS FA| AP L lactis®] A5-ol=
catalaseX|¥] Fof Aol IF PEHL BIHJT.
ojRoz B w Ao TR w HOAAN AFx &
ghxith FE)

BATe AWk O F catalase S 7RI YA gom
2 H0,Z WA el 88 4+ 312w, H,0,= superoxide
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Bifidobacterium bifidum2) 7399 @A £l &2 (pro-
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Table 6. Influences of heat treatment on the antimicrobial activities of metabolites from lactic acid bacteria isolate

Microorganisms

Heat treatment (°C), 30 min

tested Trolate 50 60 70 80 90
L. monocytogenes K1? 99.27" 99.22 99.15 99.13 98.87
ATCC 19111 D2 99.25 99.10 99.03 98.97 98.83
F20-3 75.77 76.04 73.94 76.91 76.70
F35-2 98.94 98.87 98.78 98.70 98.56
B. cereus K1 96.61 97.04 96.93 96.61 96.77
ATCC 11778 D2 97.84 98.28 98.17 97.79 98.06
F20-3 95.85 92.13 95.53 96.07 96.71
F35-2 97.36 97.09 96.44 96.44 96.93
S. Typhimurium K1 99.14 99.06 98.85 99.20 98.45
ATCC 14028 D2 99.22 99.01 98.72 98.90 98.15
F20-3 97.91 97.56 97.38 97.78 9738
F35-2 98.74 93.88 98.42 98.34 97.97
S. aureus K1 98.87 98.87 98.54 98.32 98.65
ATCC 25923 D2 99.03 98.84 98.59 98.45 98.73
F20-3 4507 4477 3542 39.19 36.45
F35-2 98.56 98.40 98.29 98.15 98.43
E. coli O157:H7 K1 99.28 9930 99.07 99.27 99.15
ATCC 43894 D2 99.30 99.28 99.03 99.12 99.10
F20-3 62.58 63.66 61.88 62.58 65.11
F35-2 938.93 98.98 98.92 98.77 98.88
S. Enteritidis Ki 99.30 99.17 99.04 98.96 99.30
KCCM 12021 D2 99.35 99.19 99.09 98.98 99.28
F20-3 63.51 74.00 73.24 78.48 79.30
F35-2 99.01 99.07 98.89 98.67 99.07

L2See footnote on Table 4.
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Table 7. Changes in pH and titratable acidity in MRS broth, NB and TSB added with metabolites (10% or 20%) from each isolate

pH Titratable acidity (% as lactic acid)
Strains MRS NB TSB MRS TSB
10% 20% 10% 20% 10% 20%
Control 6.49 6.80 6.80 7.48 7.48 - - -
K1 3.71 6.01 422 6.07 4.83 1.95 0.26 0.44
D2 3.71 6.05 422 6.11 4.83 1.96 0.24 0.43
F20-3 4.26 6.47 479 6.33 5.38 1.16 0.16 0.32
F35-2 371 5.70 423 577 4.83 1.96 0.23 0.43
Table 8. Inhibitory effects of initial pH against food-borne microorganisms
) . Initial pH
Microorganisms tested
35 4.0 45 5.0 55 6.0 6.5
L. monocytogenes ATCC 19111 99.90" 93.02 80.05 66.54 42.88 41.88 10.48
B. cereus ATCC 11778 99.28 98.38 98.33 54.80 41.30 38.77 37.96
S. Typhimurium ATCC 14028 99.14 93.80 88.34 63.07 5441 3842 12.49
S. aureus ATCC 25923 99.25 99.01 93.01 61.67 52.14 37.64 24.00
E. coli O157:H7 ATCC 43894 99.57 98.00 73.64 53.67 30.01 21.59 11.70
S. Enteritidis KCCM 12021 99.53 88.55 77.81 66.33 52.85 37.70 18.47
YSee footnote on Table 4.
Table 9. Inhibitory effects of lactic acid concentration against food-borne microorganisms
. . Lactic acid (%, v/v)
Microorganisms tested
0.01 0.05 0.1 0.3 0.5 1.0 1.5
L. monocytogenes ATCC 19111 9.60" 9.74 9.78 58.37 84.62 99.82 99.97
B. cereus ATCC 11778 84.55 88.89 91.92 95.71 98.99 100 100
S. Typhimurium ATCC 14028 4.19 17.01 62.98 92.08 93.47 95.70 96.81
S. aureus ATCC 25923 19.98 28.38 20.02 64.64 78.05 99.19 99.32
E. coli O157:H7 ATCC 43894 9.07 9.60 10.58 43.53 86.13 99.44 99.50
S. Enteritidis KCCM 12021 9.79 12.53 17.44 73.02 86.75 99.38 99.53

YSee footnote on Table 4.
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Table 10. Organic acid production in MRS broth fermented by
isolated strains

Isolates Fermentation Organic acid (%)
time (h) Lactic acid Acetic acid
D2 24 1.84 -
48 2.28 -
72 2.32 -
F20-3 24 0.91 0.22
48 1.12 0.24
72 1.72 0.25
F35-2 24 1.85 -
48 2.29 -
72 2.33 -
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