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Characteristics of Antimicrobial Organic Acids Produced by Lactobacillus pentosus K34 isolated from
Small Intestines of Korean Native Chickens. Lee, Jae Yeon, Kyo Yeol Hwang, Keun Kim!, Su Il Sungz,
Young Shik Park', Man Jeong Paik’ and, Kyoung Rae Kim®. Biotopia Co., Hwasung city, Kyounggido 445-
743, Korea, "Department of Genetic engineering, The University of Suwon, Suwon PO. Box 77, Kyounggido
440-600, Korea, “Department of Biology, The University of. Suwon, Suwon PO. Box 77, Kyounggido 440-600,
Korea, 3College of Pharmacy, SungKyunKwan University, Suwon, Kyounggido 440-746, Korea - Seven lactic acid
bacteria showing highly inhibitory activities against Salmonella gallinarum, Staphylococcus aureus, and
Escherichia coli were isolated from Korean native chickens. The inhibitory activities were insensitive to vari-
ous proteases indicating that the inhibitory substance is not proteinaceous. The culture broths seem to contain
other inhibitory substances in addition to lactic acid. The metabolic profile of organic acids produced by Lac-
tobacillus pentosus K34 was investigated by GC-MSD and 28 different organic acids were detected in the cul-
ture broth. Compared with the prominent lactic acid, acetic acid, formic acid, the thirdly most abundant
phenyllactic acid showed high inhibitory activity against S. gallinarum. After pHs of the acids were adjusted
to 5, the inhibitory activities of lactic acid, acetic acid, formic acid against S. gallinarum were greatly reduced
while the inhibitory activity of phenyllactic acid was unchanged. The inhibitory activity of the phenyllactic
acid was specifically high against S. gallinarum and S. aureus but very low against yeast and mold.
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Table 1. Effect of lactic acid concentration on the diameter of
clear zone against Salmonella gallinarum.
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Table 3. Various organic acids detected in the culture broth of
Lactobacillus pentosus K34.

Lactic acid(%, w/v)®  Diameter(mm) of inhibitory clear zone

0.0 0
0.5 <g?
1.6 <gb
2.0 10

#The pH of each concentration of lactic acid was adjusted to 4.5 and
100 pl of the each lactic acid solution was loaded into the penicylin-
der to examine the diameter of the inhibitory clear zone.

5The bottom of the inside of penicylinder was clear.

Table 2. Acidities of culture broths® and growth inhibition of

Salmonella gallinarum by various culture broths® of selected
strains.

Strain  Acidity of culture broth Diameter(mm)
(%, w/v) of inhibitory clear zone

BD14 1.35 10
BD16 1.80 9
BD22 1.80 11
BD33 1.71 11

K34 1.80 10

B63 1.62 11

BL 1.08 11

All the strains were anaerobically cultured for 3 days at 37°C.

The pH of each culture broth was adjusted to 4.5 and 100 pl of the
culture broth was loaded into the penicylinder to examine the diam-
eter of inhibitory clear zone.

v) lactic acid®| inhibitory clear zone Z7]3l 9 mmX =} ¢
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AbREe] Abmdle}, I e 5 WA Aol ek A s
T WA B WEsSAlo] 7FE 9973 L. pentosus K34[12]
= AMESl] I vk e AR f71AE dALE ZEakd S
B3l hFig 1). 2 A 28%9) F71AkS HEH 5 9l
gl.er o]& % lactic acid, acetic acid T14-2& phenyllactic

- a
Area ratio

No Organic acid

MRS(Control) K34
1 Formic 0452 1.301
2 Acetic 2.400 8.206
3 Propionic 0.022 0.096
4 TIsobutyric 0.059 0.187
5 Isovaleric 0.011 0.028
6 Pyruvic 0.511 0.898
7 Lactic 6.137 38.777
8 Glycolic 0.274 0.295
9 20H-butyric 0.013 0.201
10 3OH-propionic 0.099 0.032
11 20H-isovaleric 0.015 0.338
12 20H-isocaproic 0.000 1.131
13 20H-3-methylvaleric 0.000 0.457
14 Succinic 0.662 1.312
15 Pyroglutamic 0.082 0.115
16 2-ketoglutaric 0.061 0.221
17 Phenyliactic 0.005 2.558
18 Myristic 0.008 0.015
19 40OH-phenylacetic 0.008 0.007
20 Malic 0.015 0.025
21 Phthalic 0.004 0.005
22 20H-glutaric 0.006 0.039
23 Azelaic 0.006 0.013
24 Palmitic 0.036 0.055
25 Stearic 0.013 0.013
26 40H-phenyllactic 0.001 1.338
27 Indole-3-lactic 0.000 0.192
28 Citric 0.421 0.019

2Area ratio relative to the area of internal standard.

acid’} 7F¢ ¥ =2 AR CK(Table 3).

L. pentosus K347} AYAVslH= |74k % pyroglutamic acid
= Lactobacillus casei subspolx RAVEE 522 &
2] - A" Bt 91 em[9], Geotrichum candiumo A A}
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cokAd ' S A el F5o] S uis) A ERHL 1)

= ALz oA glvhs, 11). L. plantarum strain 21B
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acid 52 "o} Roof AFH FFHo|Ql Euwrotium repens
IBT18000, Penicillium coryphilum 1BT6978, Aspergillus
Savus 5 1095 FZo] & AAFLZN A FAIAAM 3}
AN AT obd A WFAIEA IR 9leH11].

Phenyllactic acid: phenylalanine WA ol FAei=lo] g)
= B2 2[16] phenylalanine®} A ZV] 4L 1]3}7] 98l
olu|xAke] tyrosine 22 7RSI E) A} phenylpyruvic acid
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Fig. 1. GC-MS chromatograms of organic acids in MRS medium and culture broth of Lactobacillus pentosus K34.

1; formic, 2; acetic, 3; propionic, 4; isobutyric. 5; isovaleric, 6; pyruvic, 7; lactic, 8; glycolic, 9; 2-hydroxybutyric, 10; 3-hydroxypro-
pionic, 11; 2-hydroxyisovaleric, 12; 2-hydroxyisocaproic, 13; 2-hydroxy-3-methylvaleric, 14; succinic, 15; pyroglutamic, 16; 2-keto-
glutaric, 17; phenyllactic, 18; mystric, 19; 4-hydroxyphenylacetic, 20; malic, 21; phthalic, 22; 2-hydroxyglutaric, 23; azelaic, 24;
palmitic, 25; stearic, 26; 4-hydroxyphenyllactic, 27; indole-3-lactic, 28; citric.

2 gelu| 7] ¥kg-o] F o] phenyllactic acid®} 4-hyroxy-
phenyllactic acidZ A} Fojx]= Aoz Ho{xlg{11].

Phenyllactic acid®} CI2 ®7|ttnlel &t

Formic acid, acetic acid, lactic acid, phenyllactic acid
o] Al FZu)A] M| e & vlasieled, 7
Abgolo] pHE FASA] 92 AlelloAl= phenyllactic acid
2} lactic acid7} Akwdele] s 71 w2 A3l%s et
WAL 7 oL acetic acido)$l T formic acids B)TA whe-
A 8Ad& Hk(Table 4). T o5 H7]1AH-AE pH 5.0
2.2 A% Fo|& formic acid, acetic acid, lactic acid+
o] F43] 743t 21} phenyllactic acid: 33 o]
S8k A2 FA| =%, Lactic acid®} acetic acide A}
28] EAdo] obd Ab Al 7| Aoz L
monocytogensol] W&t A3l pH 5.6¢14 phenyllactic
acide 3t o] HAF 2\, lactic acid®] -5+ A
of feizivh= A 1119} 22 AH4E vehile. aela
phenyllactic acid= 5% A pHO| °J3kE AA) WhemiA &
T2kgo] 7Fsgt BAolet A2t T3t bacteriocine T2
hydrophobicdled 2} FellA EAko] o2]-21} phenyllactic
acid F-A}=Fo] 166.22 #]EA}o]m hydrophilicdte] 2]1E)
2 44 #Fad 5 dds) olEg FALE 3ty
phenyllactic acide= §& AWM= 2HHFA ] sl &2

Table 4. Growth inhibition of Salmonella gallinarum by differ-
ent organic acids®.

Diameter(mm) of inhibitory clear zone

H
P Acetic Formic Lactic ~ Phenyllactic
NAP 16.0 14.0 17.0 17.0
5.0 9.0 8.0 8.0 18.0

®The concentrations of organic acids used were 0.05 M.
"N.A. means not-adjusted pH.

2 7| AR 7, 9 5 2 Do) AedEelsls 4
oo} 2L o) AR Al B AEAR 5 U
Aoz |,

Phenyllactic acide| & AHIEH

Phenyllactic acid®] S. gallinarum, S. aureus 5 <12 W]
Aol A3 FFAHERS ZARE AFH(Table 5), 354
©.2 S gallinarum, S. aureus 2 Helicobacter pylori 5
FrafAlgtell Hsled et e E eI, A &
gk Aoz e fAE, 82 Sl Aol <
s vebdo g2 frajHlatel] Hgk EeolAdS 7R A st
48 Holr} melr L. pentosus K342 A|2H AFAIE 5
Zol) FIBRE o Aol Fola Tdol G HA ol
3w 23p7] WUA ATE deHL e sl Asfake)
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Table 5. The diameters of inhibitory clear zones formed by phenyllactic acid at various concentrations against several microorgan-

isms.

Phenyl-

Diameter(mm) of inhibitory clear zone

lactic acid(%) S. aureus S. gallinarum E. coli H. pylori L.rhamnosus S.cerevisiae R.stronifer
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 8.0 9.0 0.0 10.0 0.0 0.0 0.0
0.6 11.0 18.0 0.0 14.0 0.0 0.0 0.0
1.0 14.0 23.0 0.0 19.0 8.0 0.0 0.0
3.0 17.0 ND.? 0.0 31.0 12.0 0.0 0.0
5.0 25.0 N.D. 8.0 36.0 13.0° 8.0 8.0

2N.D. means not determined.
Srepresents turbid inhibitory zone.

o sl
2 ¢

g B 2Rl 2 e Admdelel TEANTe] A
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