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{(Table 1> pKa values and undissociated ratios of lactic, acetic, and propionic acids(Earnshaw, 1992)

Undissociated acid(%)

Acid pKa pH 3 pH 4 pH 5 pH 6 pH 7
Lactic 3.08 56 11 1 >1 >1
Acetic 4.75 98 85 36 5.4 0.6
Propionic 4.87 99 88 43 7.0 0.8

A, kol Aitehe 24 TR 2R Al X9 AFenkgate] Alxy cHdstel el wiAs fd
FeH4). 2AM TR AL =0 pKa(BAF 308, 2AF 475, 187 TR LA 487)F 2H Q7] wf Fol
AR gergidol A T 3 Ao, 72 pHollA ZAiteoh s =R ek 4Fe] FHeFe] ETHTable 1).

B AFEANA frakgol Aaksts gaks 25 5] f714k o HddEe] A AR B
I EA T L. acidophilus YIT 0070:> 24 A4k} pHE ASA O EH

L
E. coli O157:H79] F24& ZAAHTK6). ZLEl3L L. acidophilus, L. rhamnosus, L. bulgaricus, L2 3 B.
bifidus TFE°] A2, 22 183 3t Q&) H. pylori®) £4& JAsE A2 Bidd
(7). 34, Alakomi 5(8)< lactobacilli7} AJAtet= 24k I3+ <] outer membrane$] BHFE3HA| 24
A-gate] o Faudol FAE F A skl HAdFe g t e TS AR

Hskqioh

[e)

&
t}. L. lactis, L. casei Shirota, &

=

[e]

A

-

2) Hydrogen Peroxidet Carbon Dioxide

Hydrogen peroxide= AHaEA sl Al flavoprotein oxidases S=+= nicotinamide adenine hydroxydinuclotide
(NADH) peroxidase®] 2]3ll f-4kto] A4Feheh Hydrogen peroxide] &= E49] HA 7} membrane
lipids©] F4tstell ]3] membrane permeability®] T 7He F-3he sulthydryl groups®] AHst2HEH Uehd
o &3 hydrogne peroxide™ DNA &4& 28 < A& superoxide(0, )¢ hydroxyl(OH ') radicals¥}
7+ bactericidal free radicals®] AEdo] 2 4 ATH9). ¢+, Dfrol A3t Hy0,+ lactoperoxidase
systems SAASIAIA, D3I 34 Ig3470 g 2=
(0,SCN ™3 0;SCN ), 18] 3 intermediate oxidation productsS AJAFSHTH(10).

oA e Ao &A= 7P EAQ lactobacilliZ A L. crispatus St L. jenseniiv= H,0,5 AA+sle]
gonococci®] Z21S A Tth(11). Foll EA8k= Lactobacillus 227F2] Aol that AlgolA, oF
80%2°] #F7F Hi0, & AAtetem, 11 o] B #7143 bacteriocins= AAHhE 210 E SIS
tH(12). $HA, L. brevis CD2, L. salivarius FV2, ZL2]3L L. gasseri MB335% TF¢ H,0,& AJ4Hstod
Gardnerella vaginalis= A AL Al A| 2ol F2ATH13). ol = L. crispatus F117, L. paracasei
F2 9 F282 oo H,0,5 AJAbste Staphylococcus aureus®) 5218 A= AL 2 BHIEStH14).

Carbon dioxide:= heterofermentative f-4H#0] F2 AJ2F3tth CO,9 @A <] 714 talA = oA
HaeA Y JA= Frh I Y CO,= enzymatic decarboxylationsS &A|3l= F7|874H S THE=

+ hypothiocyanate(OSCN "), oxyacids

(¢



3) Bacteriocin

Bacteriocin< 9}#]| 2]o}7} A AFsk= bactericidal proteinaceous molecules©| T} Bacteriocine =71, microbial
target, 18] 3L action % immunity®] 7]l wa} theFst peptideset T A ES 2L Atk Lactobacilli
of 93l A== bacteriocing 371F O 2 - (Table 2, 3)5 o] o o= 4714 IF°] A A A
th17).

Class I bacteriocin< lantibioticsZA] &## 12.™, aminoacids lantionineZ} A-methyllanthionine, ~12]
3L O] dehydrated amino acidsS -3+ 5 kDa®] A4} single-, two-peptidesZ ©]Fo1 4 1t} Lantibiotics
v FE9 Aol wek ASBO 2 50 E WrolAH, type Av HtElE|of Al X el 5 A8t
o FgH48AAE Yell= FASHE ZH= elongated peptidesZ A1, Lactococcus lactis7t A 2}8l= nisin©] ©]
&3t Type Bolle 54 249 oA 49 g8 S Uelin, F4k o Igol &dhe
bacteriocins= Ay A 3FA] &=t} Class [ bacteriocin< 10 kDa ©]3}2] *¥%}, heat-stable, non-lanthionine
E &3k peptides2A] 3 1w 22 oItk Class [la= Pediocin-like peptidesZA] N-terminal consensus
sequence = -Tyr-Gly-Asn-Gly-Val-Xaa-Cys7} ZA3tth. o] I5F-2 Listeria®] e 34 S 23 9o
FES wolstow  Pediococcus acidilactivt Pediococcus. parvulus7b A 2Ysh= pediocin PA-10] Sttt
Class b= F#&A4S Yehdl7] 918 2719 9 peptidesZ Z 22 3}+= bacteriocin®] 1, class [[c=
circular bacteriocins®]th. Class [l bacteriocin< 30 kDa ©]’}¢] =L, heat-labile proteins .= E7do] & 3}
of=x] okgtth 4WA Classe E722 98] carbohydrate == lipid moietiessE Z L2 8= complex
bacteroicins & 2 A H o] Atk Lt o] classol]l £33} bacteriocins= A 318H2 3ol A EAJo] Ay
2 9eA dAE= FTHI8).

Bacteriocin> gt o2 A AF™ 99} Lactococcus, Streptococcus, Staphylococcus, Listeria ZL2] 3L
Mycobacterium-< X3t3ko] bacteriocing AJAFsh= o9 7H7HE bacteriadl ¥ 5/44-& YERHTE tF2 0
bacteriocin®] primary target<> sensitive bacteria®] cytoplasmic membrane > 2 proton motive force$] A2 j|
o3| discrete pores”} cytoplasmic membrane®] FAE = Ao Z I A k. 1L YF bacteriocins
membrane poresS FAISA| FA|W Q3 G40 TS w3 st} LactobacilliZb A 2Fsk= bacteriocins
o] dwrAo g Tl thell FFEs VEMA XSEAIRE lacticing A1649F BHSE H. pylori®t 7F
IgSAdel tal dae4S JeERNI(20), nisine outer membranes 5 HAIA TTH5Adwoll o3l
84S YA th21). B0l L. acidophilus IBB 801-& acidophiln 801°]2= 6.5 kDa ©]3te] 2H&
bacteriocinS AAFste] T1H-3A HWYAA9l E. coli RowS} S. panama 14679 342 Yepdth fAkt

2

o_?{_’, Flo

(Table 2> Classification of LAB bacteriocins(Drider et al., 2006)

calt/::::ry Characteristics Subcategory

Class T Lantibiotics(containing lantionine Type A(elongated molecules; molecular mass, <4 kDa)
and S-lanthionine) Type B(globular molecules; molecular mass, 1.8 to 2.1 kDa)
Nonmodified heat-stable Subclass [T a(antilisterial pediocin-like bacteriocins)

Class I bacteriocins containing peptides Subclass [Ib(two-peptide bacteriocins)
with molecular masses of <10 kDa Subclass [l c(other peptide bacteriocins)

Class 1 Protein bacteriocins with molecular

masses of >30 kDa
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9] bacteriocins AJAHS F-2H 2] growth phase Aol AX dojum, A7 TukolA A Hdh 1
2] 37 bacteriocin A AFS BHA A4 T2 919 FFYF ol AHEAA 2 inhibitorse] FE] S} =
of JskS wom wjxlo sHFEo] Y= ©@FEEol wel Zo)7) ATt Nisin ZE Lactococcus lactis 10-1

{Table 3> Example of bacteriocins(Chen and Hoover, 2003)

Bacteriocins Producer

Class I-type A lantibiotics

Mutacin B-Ny266 Streptococcus mutans Ny266
Mutacin 1140 S. mutans JH1000
Nisin A Lactococcus lactis NIZORS, 6F3, NCFB894, ATCC11454
Nisin Z L. lactis N8, NIZ022186
Carnocin U149 Canobacterium piscicola U149
Cytolysin Enterococcus faecalis DS16
Lactocin S Lactobacillus sake 145
Lacticin 481 L. lactis CNRZ481, ADRIAS5SLO30
Salivaricin A Streptococcus salivarius 20P3
Streotococcin A-FF22 Streptococcus pyogenes FF22

Class I-type B lantibiotics Not produced by LAB

Class Ila
Bavaricin A Lactobacillus sake MI401
Bavaricin MN L. sake MN
Carnobacteriocin B2 C. piscicola LV17B
Curvacin A Lactobacillus curvatus LTH1174
Pediocin PA-1/AcH Pediococcus acidilactici H/SJ-1/PAC 1.0,

Pediococcus parvulus ATO34,/ATO77

Sakacin 674 L. sake LB764
Sakacin A L. sake LB764
Sakacin P L. sake LB673
Leucocin A-UAL 187 Leuconostoc gelidum
Leucocin A/B-Talla L. gelidum UAL187
Mesentericin Y105 Leucocnostoc mesenteroides Y105
Enterocin A Enterococcus faecium
Enterocin P E. faecium P13
Divercin V41 Carnobacterium divergens
Lactococcin MMF [I L. lactis

Class I[b
Aciocin J1132 Lactobacillus acidophilus JCM 1132
Lactococcin G L. lactis LMG2081
Lactococcin M L. lactis
Lactacin F Lactobacillus johnsonii 11088
Lacticin 3147 L. lactis DPC3147
Lactobin A Lactobacillus amylovorus LMG P-13139
Plantaricin S Lactobacillus plantarum
Plantaricin EF L. plantarum C11
Plantaricin JK L. plantarum C11
Thermophilin T Streptococcus thermophilus
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{Table 3> Continued

Bacteriocins Producer

Class Ilc
Acidocin B L. acidophilus
Carnobacteriocin A C. piscicola
Divergicin A C. divergens LV13
Enterocin P E. faecium
Enterocin B E. faecium
Lactococcin A L. lactis
Lactococcin 972 L. lactis TPLA972
L

Plantaricin A . plantarum C-11

Class Il
Aciophilucin A L. acidophilus
Caseicin Lactobacillus casei B40
Helveticin J Lactobacillus helveticus 481
Helveticin V-1829 L. helveticus 1829
Lactacin A Lactobacillus delbrueckii
Lactacin B L. delbrueckii

of 2J3l glucose, sucrose 123 xyloseZFF AJ2t=E™, Pediocin AcHS] A2Hll= glucose 1 Thao

sucrose, xylose 18] 3 galactose”7} -$-5~3}th.
e W2 pHolA &4, G-, W &+ spectrum, L8|

(1) Reuterin

Reuterin<> Lactobacillus reuteri7} glucose<} glycerol == glyceraldehyde”} <41 38h= o 7127 dA A
s W AAEE AR FFEZolth Glycerol®] hydrations F3ll L. reuteri= 3-hydroxypropanal
(reuterin) 2 AJAHSHTE Reuterin T8 Jol Al 52 monomeric, hydrated monomeric, 12]3 2 k9]
cyclic dimerZ &A=, o= Je7t o Ao J=A= HdA IA ZT} Reuterin 3, I3,
A%, 183 gupole Aot 22 wf¢ LA FFBH S Z2E QAT L reuteris ER3H] Akt &
& ruterino] WZSHAIRE 2 MM ERTE B WA Z2E3 ITH22).

(2) Reutericyclin
HZol L. reuteri @+ Tl A =4, reutericycling AYAtel= #5371 B E AT} Reutericyclin
al

= 49Da-4 B2 eks zk &)lﬂﬂf], —%{?ﬂ% Fq ¢~ hydrophobic3}t}. ¥ Z] 2] X ¥FAko] reutericyclin©]
g

™
Y

(3) 2-pyrrolidone-5-carboxylic acid
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Pyroglutamic acid(PCA)= Hl& #Y, A4, 1213 4% EASHA N, Lactobacillus casei ssp. casei, L.
casei ssp. pseudoplantarum, “L2]3 Streptococcus bovis©l 2|3 A2V Ty PCAE Bacillus subtilis, Enterobacter
cloacae, Pseudomonas putida, “12] 3. Pseudomonas fluorescenss <A sttt PCA= E(120°C, 20min)l <t
A RE pH7E 2.5 o] ® 7t Wi dtgAlo]l LAETh HE 2 FolA PCAS 3tg/d o]
AR =A% PCAY 71 fF714ke 713 frAFeheh(22).

5) 7|El Antimicrobial Molecules

Lactobacilli®} bifidobacteria”} AJ4tsh= bacteriocins} tHE S42 2t AEA da=dS Aitsitt
L. rhamnosus GG= ZAF 2 Z2+3} tf 2 low moleular weight, heat-stable, 52 Y|}, o] &+t
542 Clostridium spp., Bacteriodes spp., Bifidobacterium spp., Enterobacteriaceae, Pseudomonas spp.,
Staphylococcus spp., ZL2|3L Streptococcus spp.ol W&l dF+&AAS Yebdth23). ol#3 d+ EFD
non-bacteriocin &=, Enterobacteriaceac’} A 2+8}t+= microcinZ} - F-AFstc}h. L. rhamnosus GR-13} L.
acidophilus 76> pyelonephritogenic E. coliol w3l A4t T hydrogen peroxideZ’t ©}d bactericidal

substance S AJAFsl=dl, 12~14 kDa o]t xS 21 A= o] 222 heat labile, ammonium

sulphate 80%714] o] EA] ko1 chloroforml. 2 FZEF = SAS zH JAth23). =3}, L. delbrueckii
VII007% ZA4Hs} o2 35/ <] growth-inhibiting factorsE AJAFet=tl, I 59 shvb= 50 kDa ©]/¢e] &

A =F-S ZH= bacteriocin-like, heat-sensitive, proteinase-sensitive bactericidal molecule = complexZ <l

A TH24). A, Aol A K2l S Bifidobacterium spp. CA13 F9 570l 9J3l AAts = 522 3,500
Da ©]38}2] x2S zH= lipophilic molecule 2 813 % ©.™(25), L. acidophilus CRL 639°] & H. pylroi T
/42 autolytic activityS ZH= proteinaceous compoundZ2H-E Falist= A 02 B I ATH26). ol e A
A B A Ee 24 59§10 deAgete] AseS e ZIE Stk L johnsonii Lal
2 Giardia intestinalis®] 5213} AF9] intestinal epithelial cell line Caco-20l 3t o] #59 25 9
Aoz A gt o] FE A EHIL HF FHEHTE pH A oA, ThEs] ZAbel 7|1skA] e
™, antigiardiasic action¥} HHE 8059 dF 542 EAedl o&) ELAst Ah27). L. rhamnosus
DR20, L. acidophilus HNO17, ZL2] 3L B. lactis DR10 57} AAtsl= E. coli O157:H79| &AL zh= 3
752 lactate dehydrogenase, trypsin, _L2]3 proteinase Kol ¢J&] FEA o2 B3ty m, ut4 9l
A 84S Z1 23} proteinaceous =2 9] synergistic actionol] 71918t E A O 2 H I EJTH28). AHHOZ,
pHE ASIZHE g T vste] Lok ik I3 outer membrane®] permeabilizer 241 2}
Lo, e P BAE S7HIZTS).

6) Aroma Components

Diacetyl<> citrate 'F& ol oJal| fAkgo] AAFSHTE Diacetyl< arginine-binding protein2} RE-3-3fef 17t
w7379 arginine o€ FIS FOEN IHIAAY S dAS Jay(1982)= I#EaAdd>
i=3
=

o
diacetyl 200 wg/molA, THFFHS diacetyl 300 we/molA A H T@FAddo] IHFAAFET
diacetyldll © 173}t ST Diacetyl 344 wg/ml Listeria, Samonella, Yersinia, Escherichia coli, _LE]
3 Aeromonass AT 4 Ut} Ak whg 2o diacetyl®] A4t AV, AFHOE F LR 7} 2~Tug/nl Z
271 wgel AF BHEAEA AR ARG AHAT tE FH42AEFH A ALY e AdEE

Ueld o 2t Aacetaldehyde threonineE acetaldehyde$} glycine &2 3l 3l theronine aldolaseol]
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ol L. delbruekii ssp. bulgaricus®l o3 ATy SFZECNAN L. delbrueckii ssp. bulgaricus®t Str.
thermophilus+= acetaldehydeE o] 4= §l7] wiitol, <F 25 ppm A= 4 Hth Acetaldehyde 10~100 ppm-=
Staphyococcus aureus, Salmonella typhimurium, 1213 E. coliZ A 3HTH30).

7) Biosurfactants
Biosurfactanti= W]/ &Eo] AJAksh= FzImfA]
A v A Eo] AAFS)= biosurfactants - TFFSH
phospholipid, fatty acid, polymeric surfactant % patriculate surfactant® W1 th31). Lactobacillus
fermentum RC-147} #Y]3F= biosurfactants 7} F ol A 9348 B Eo] tish A3 d £ HAGAY +
8 ¥4l Staphylococcus aureus®] THES A= ACZ BHIFHAJTK32). L3 in vitro Al @A, L.
rhamonsus 363 ATCC 7469, Z1@]3 L. fermentum B543 RC-14 57} AJ4sl=  biosurfactants =
uropathogenic Enterococcus faecalis®] 2+ 3402 AAsh= ASZ YESTK33). L. fermentum
RC-14¢} B547F A 4ksl= biosurfactants= thi- W Aol ™, S L. rhamnosus 363+ ATCCT74697F A4+

5= biosurfactantss= ATHZ S22 =2 polysacchraride®} phosphates i3l SUth

o
i)

A g AGERAA o] & T ZA Tk
=
o)

FTH7F AT A glycolipid, lipopeptide, lipoprotein,

Orr’
rob

hal

{

284, sh4, 84, 83 mAES AL AEY WA T8 dUCE duA gtk nAEd 9
4 fste], gt AE HIEAE HIXst] dAd,
AHEEO] Stk H 2ol skt HEAE AREEHA
9 8FE WEAT7] Slal AEE

4 53], bacteriocins= 2]& A A B
o] 2|3} =S A3 4 QltiTable 4). Biopreservatives
2, e = R E e A F SAlskE f3l A
Xﬂ@}% %“42 77}35 A ES] AR AMEskeE A omlgth 4 F 9] biopreservatives EA]

bacteriocins< TF-3} 722 371x] WPHO 2 AMEE Y QITHIS).

- bacteriocin A GAHTFE AlZo| HE . A EA] FAFFo] =23} bacteriocing A= 58 o)
Z03)

- AE HEAZA A e BEAAE bacteriocinsS 3 7}
- AF 7FEAA Qo] YEZA bacteriocin A oFE v HAEAZ] GFAES ALE

13

sk, 2ZFol A bacteriocinse E-&3t=d o] 7154 A= bacteriocins©] F& FHHEHE zoH,
b a7t A gk ol {_91_0] bacteriocins > YRHE 0 & TTEAd+tol dal 45 UERlA
the Aolth olg dAE SEst7] fal, AFe] AR Mdsty oA s
hurdle technology ] 713 ©] /\}%E ATHTable 5). =, IHE=7dF2] outer membrane®] permeability 5
£ 9rO ™ bacteriocins®ll thall 4ol =olxth, o 2, EDTASE 7+ chelating agents= LH52 72
lipopolysaccharide %] magnesium irons2} Z %3}, outer membranes T 4 Ut} I A3, nisin©]

cytoplasmic membraneol] H13 4 JLF U} o] o= AFU Falde] AFEAIF17] 913 bacteriocins

Flf kﬂi' (e

o
o_>t,
o dlo
i
-,
rr o
=
o
A o
o

ol
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3} high hydrostatic pressure 2 pulsed electric field®} 22 7hg 34 <S I AHES AlUA] &35 o
3 W AFAIEe] BAHATHI).
Bacteriocins®] Th2 2Z BHEAZA FLHHE O Z pacteriocine EF HEo] TAA7= WY

=
=
rslo} gtk FirH £ BES HF W £ B0l Y YHFFOEA W% A2 gL 4

b

{Table 4> Applications of class Ila bacteriocins and their producing organisms to control the growth of food-borne
pathogens and LAB(Drider et al., 2006)

Food treated for targeting of the following organism

Bacteriocin Producer isteri idi
strains Listeria Clostridium  Staphylococcus LAB
monocytogenes botulinum aureus
Divercin V41 C‘arnobacterzum Smoked salmon
divergens V41

. Enterococcus faecium Dry fermented
Enterocin A CTC 492 sausage

. Dry fi
Enterocin CCM  Enterococcus faecium sarysa e;mented Sov milk
4231 CCM 4231 usage Y

Soy milk

Leuconostoc gelidum

Ground beef

Leucocin A UALIS7 Beef slices
Leucocin Leuconostoc Cooked sausage
A-4010 carnosum 4010 usag
Mundticin Enterococcus mundtii Mung bean
ATO6 sprouts
Cheese
Pediocin Pediococcus Er}?nl;furters Chilled
PA-1/AcH acidilactici [eRetl summer Hec soup
sausage
Red smear cheese
Carnobacterium
T . Ham paste
Piscicoli 126 maltaromaticum Camembert cheese
JG126
Piscicosin Carnobacterium Surimi
CS526 pisciola CS526
Lactobacillus

Plantaricin 423

plantarum 423

Ostrich meat salami

Lactobacillus sakei
790 and

Chicken cold cuts

Sakacin A or K Lactobacillus curvatus Cooked
or curvacin A LTH 1174 pork
Lactobacillus sakei Raw minced pork,
CRC 494 poultry, cooked pork
Lactobacillus sakei
Sajacin P or 790 Brined
baJ\/aricin A Lactobacillus sakei Cold smoked salmon shrimp

MI401
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{Table 5> Hurdle technology to enhance food safety(Chen and Hoover, 2003)

Bacteriocins Inactivation effects

In combination with heat

Nisin Nisin(1,000 1U/g) enhances inactivation of Listeria monocytogenes in lobster by mild heat(60 or 65C).
Nisin Nisin(500 to 2,500 IU/ml) enhances inactivation of Salmonella enteritidis by mild heat (557).
Nisin, Both bacteriocins reduced the viability of gram-negative and gram-positive bacterial cells surviving

Pediocin AcH  sublethal stresses.

In combination with chelating agents

Nisin When used with EDTA, citrate, or lactate, nisin(2,000 IU/ml) is effective against gram-negative
bacteria(Salmonella typhimurium and E. coli O157:H7) in combination with modified atmosphere
packaging(MAP)

Nisin When used with MAP and low temperature, nisin at a level of 400 IU/ml increases the lag phase
of L. monocytogenes, and at 1,250 IU/ml prevents its growth.

Nisin Combined use of MAP(100% CO,, 80% CO, + 20% air) and nisin(1,000 or 10,000 IU/ml) inhibits

growth of L. monocytogenes and Pseudomonas fragi.

In combination with antimicrobials

Nisin The combined use of potassium sorbate(0.3%) and nisin(400 1U/ml) inhibited the growth of L. monocytogenes.
Pediocin AcH  Synergistic effects between sodium diacetate(0.3 and 0.5%) and pediocin(5,000 AU/ml) against L. monocytogenes.

Nisin Synergist effect between sucrose fatty acid esters and nisin on inhibition of gram-positive bacteria.
Nisin Carbon dioxide and nisin act synergistically against L. monocytogenes.
Nisin When combined with carvacrol(0.3 mmol /1), nisin(6 IU/ml) is more effective in reducing the counts

of Bacillus cereus than when it is applied alone.

Nisin Nisin(100 IU/ml) and monolaurin(0.25 mg/l) act synergistically against Bacillus sp. vegetative cells
in milk.

In combination with lactoperoxidase system

Nisin A synergistic and lasting bactericidal effect on L. monocytogenes between nisin (100 or 200 1U/ml)
and lactoperoxidase system.

Nisin Synergistic effect of nisin (10 or 100 IU/ml) and the lactoperoxidase system on inactivation of L.
monocytogenes in skim milk.

In combination with other bacteriocins

Pediocin AcH When used with nisin, lacticin 481, or lactacin F, pediocin AcH produced synergistic effects.
Leucocin F10 In combination with nisin, leucocin F10 provides greater activity against L. monocytogenes.

Curvaticin Simultaneous or sequential additions of nisin(50 IU/ml) and curvaticin 13(160 AU/ml) induces a
greater inhibitory effect against L. monocytogenes than the use of a single bacteriocin.
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