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Lactobacillus brevis DK25 isolated from Dongchimi was identified by physiological and biochemical
tests and 16S rDNA sequence analysis. Bacteriocin of L. brevis DK25 exhibits inhibitory activity
against Enterococcus faecalis and Listeria monocytogenes when using agar well diffusion method.
Maximal production of bacteriocin was reached in the beginning of the stationary phase, and
inhibitory activity declined after the late stationary phase. This result suggested that bacteriocin was
produced in a growth-associated manner. Complete inactivation of bacteriocin activity was observed
after treatment with protease, but the activity was stable between pH 4-9 and heat resistant (30 min
at 100°C). Bacteriocin showed a concentration-dependent antimicrobial activity against L. monocytogenes
KCTC 3569. Moreover, the application experiment showed that combination of bacteriocin (320
AU/ml) with potassium benzoate (0.05%) could significantly reduce the counts of L. monocytogenes
KCTC 3569 in mayonnaise during storage at 4 or 25°C for 10 days. Thus, bacteriocin from L. brevis
DK25 may be used for hurdle technology by combination with potassium benzoate in order to increase
pathogenic bacteria inactivation in food processing and food safety control.
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Table 1. Physiological and biological characteristics and pattern of carbohydrate fermentation of the L. brevis DK25

Contents Results Sugar Results Sugar Results
Cell shape Rod Glycerol - Salicine -
Gram staining + Erythritol - Cellobiose -
Spores staining - D-Arabinose - Maltose +
Acidfast staining - L-Arabinose + Lactose -
Motility - Ribose + Melibiose +
Gas from glucose + D-Xylose + Saccharose -
H,S production - L-Xylose - Trehalose -
Isomer of lactic acid DL Adonitol - Inuline -
Nitrate reduction - B-Methyl-xyloside + Melezitose -
Methyl red + Galactose + D-Raffinose -
Voges-Proskauer - D-Glucose + Amidon -
Horse blood hemolysis - D-Fructose + Glycogene -
Amylase + D-Mannose - Xylitol -
Protease + L-Sorbose - B-Gentiobiose -
Catalase - Rhamnose - D-Turanose -
Oxidase + Dulcitol - D-Lyxose -
Urease - Inositol - D-Tagatose -
Arginine hydrolysis - Mannitol + D-Fucose -
Ornithine hydrolysis + Sorbitol - L-Fucose -
Lysine hydrolysis + a-Methyl-D-Mannoside - D-Arabitol -
Indole production - aMethyl-D-glucoside + L-Arabitol -
aGrf:;:(t)lllaicinczirdC;lt)iignand + N-Acetyl glucosamine + Gluconate -
Growth at 10-45°C + Amygdaline - 2-ceto-gluconate -
Growth at pH 4.0-10.0 + Arbutine - S-ceto-gluconate -
Growth in 0-10% NaCl + Esculine -
20% NaCl -

+, positive reaction; -, negative reaction; DL, configuration of lactic acid produced from glucose.
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_75|:Pediococcus parvulus JCM 5889T(D88528)
% Pediococcus inopinatus DSM 20285T(AJ271383)

29

4'7 Pediococcus argentinicus CRL 776 T(AM709786)
83 Pediococcus claussenii DSM 14800T(AJ621555)

32

Lactobacillus malefermentans DSM 5705T(AM113783)
100 Lactobacillus vaccinostercus LMG 9215T(AJ621556)

38 55

L Lactobacillus suebicus DSM 5007T(AM113785)
— Lactobacillus fabifermentans DSM 21115T(AM905388)

Lactobacillus pentosus JCM 1558T(D79211)

Lactobacillus kimchicus DCY51T(EU678893)
58 Lactobacillus farraginis NRIC 0676T(AB262731)
75 Lactobacillus hilgardii ATCC 8290T(ACGP01000200)
Lactobacillus parafarraginis NRIC 0677T(AB262734)

77

0.005

Lactobacillus rapi YIT 11204T(AB366389)

Lactobacillus buchneri JCM 1115T(AB205055)
Lactobacillus kisonensis YIT 11168T(AB366388)
Lactobacillus kefiri LMG 9480T(AJ621553)
Lactobacillus sunkii YIT 11161T(AB366385)
Lactobacillus parabuchneri LMG 11457T(AJ970317)
Lactobacillus otakiensis YIT 11163T(AB366386)
Lactobacillus spicheri LTH 5753T(AJ534844)

99

97[ Lactobacillus acidifarinae LMG 22200T(AJ632158)
Lactobacillus zymae LMG 22198T(AJ632157)
Lactobacillus namurensis LMG 23584T(AM259119)
DK25
95| Lactobacillus brevis ATCC 14687 T(EF120367)
Lactobacillus brevis ATCC 367(CP000416)
Lactobacillus senmaizukei L13T(AB297927)
Lactobacillus hammesii TMW 1.1236T(AJ632219)
Lactobacillus koreensis DCY50T(FJ904277)

25

59

71L Lactobacillus parabrevis LMG 11984T(AM158249)

100 Lactobacillus plantarum subsp. plantarum ATCC 14917T(ACGZ01000098)
98

ggl—h Lactobacillus paucivorans TMW 1.1424T(FN185731)

Fig. 1. Neighbor-joining tree based on 16S rDNA gene sequences, showing relationships between DK25 and the strains having
high homogeny with the selected bacteria. Bar, 0.005 nucleotide substitutions per position.
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Table 2. Antimicrobial spectrum of the bacteriocin produced by strain L. brevis DK25 against some strains

Indicator strains Incubation temperature (°C) Medium Bacteriocin activity (AU/ml)
B. subtilis ATCC 35421 37 BHI ND
L. monocytogenes KCTC 3569 37 BHI 1,280
S. aureus ATCC 6538 37 BHI ND
E. aerogenes ATCC 13480 37 BHI ND
S. enteritidis ATCC 13076 37 BHI ND
E. faecalis KCTC 3206 37 MRS 320
L. brevis KCTC 3102 37 MRS ND
L. plantarum KCTC 1048 37 MRS ND
V. vulnificus KCTC 2982 37 MA ND

BHI, Brain Heart Infusion agar; MRS, Lactobacilli MRS agar; MA, Marine
Bacteriocin activity was estimated by agar well diffusion method.
ND; not detected.

DF01 55 API 50 CHL kitol] 9|3t 3 35S A 4
7 99.4% 2] A5A4S Ueld L brevis DFO1Z 21531,
16S rRNA €748 X402 F4ste] Baugh vb Qltk L
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ol FFiteE AEgo] =11 F ATl Ak
o F 715E I WYYl TR ER-8 F=
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S. aureus, E. aerogenes, L. plantarum, L. brevis, S. enteritidis
2 V. vunificus®] WEAE A YA &2 wHHE, E
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monocytogenes KCTC 3569°] talire= o] ®Ho} ¢ =& &
T2(1,280 AU/mD= HERAITE @b Lo brevis DK25
of welElole Ay BT Fol delT I EAE B
o P seEde vad FL P ek

Kang¥} Kim (18)©] B33+ L. brevis DF012] B2 241
2 L. curvatus KFRI 166, P. acidilactici IFO 3884, Pseudo-
monas aeruginosa ATCC 27853, S. enteritidis KCCM
12021, S. typhimurium KCTC 1925, Shigella flexneri ATCC
12022 € 8. mutans ATCC 25175 5 I8P T St ol
2t aghedatel tisl B it 2HERS Uehfo] 2
Azel= tha zpol7t Utk AN Ha S(14)0] Rt L.
brevis DU02417} 02429] HHH2] 241
Enterococcus spp., Pediococcus spp. & Leuconostoc spp. &

o] frakel theiAet it a3E UeERAIth

Lactobacillus spp.,

agar.

uhe ] e Ale] &t a5l wet 2 2ol7t 9l

nisin< staphylococci, strepto-

=d tEEHQ e 219]
mycobacteria 5l T EIE L}
SEEEE

cocci, bacilli, clostridia %

B3, pedocin AcHE Z-2 13kAdtol thsl

TS eI, lactococcin A= L. lactis 5 L Al
Tollt 2-gshs Zloz A JUeK15). =3 T 2L
A= L. lactis subsp. lactis 2] BHHE] AT HI1EI 3)o
o, o] fAkd Alxol| F3olo 545 F2AIA aflatoxin
o] BAE JAXTIE EAE gEA Utk36). HElE Al A
AL B Al tigh 5ol Ay Tl (Lan I) 9
o=Z Axe s x| ge o= 4EA Ja, guky
2 OEATe I de 2] MEEd Axzete

Zol| oJ3) HhEg] Al igh #Wejgo] AX Aol o
& Ao HuE: Irk15).

o
=

L. brevis DK257} AAtst Higa|@Alo] EA

L. brevis DK257} AJ2+et vlE2]21e) 71, pH B &4
o] 3t oFgA-S AR Ade Fig. 29 2} g AS
100°Col|A] 30%7t 712 A % L. monocytogenes KCTC
35690 tigk FHLES SAHRS W dx7o 2L TS
FABFE o, 121°CollA 1587 7183 A5-ol= 87.5% 2]
FAo] A=Y 160 AU/MmIS] & Yepich 3, pH
4-99] oM el WAFl e, pH 10914 L
brevis DK259] 2|24l &AL Avtez ZAAHIITE &
3l amylase, pepsin % lipase *]2]o] thallr= Ao kS
wEz] ok9ront trypsinoll 284 75% AAE AL protease 3]
ol ofsire Fido] s AAEHAk webA Lo brevis
DK259] BHelg|e4le dubARl 71E AE FHolv 24
F 5 BHAA o&E F USs FoE AEHM, 53
pepsin®ll A M3l 9FES T TR FES
wkz] k31 Ao TESHA trypsine] 2Rgol] o3 EaE] o
Aol ZFA &S AT AAXY $HH, L brevis
DK25 7} A4kt vlelg] eqle] BAES S35 Ay oF
9.4 kDao 2 ERIFITKFig. 3).
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Fig. 2. Stability of bacteriocin isolated from L. brevis DK25 against enzyme, heat, and pH conditions.

Aol ofs) ateo] xs] AtA o= diEA 49
S RIS L lactis TW30] A4FsH vl 2] 2412 protease
I, protease IX, protease XII, a-chymotrypsin, B-chymo-
trypsin, trypsin % pepsin 59 TA il tid A
& FFE LA O, protease TVl SJalid &do] e
3] =T SolsHAE a-amylasedl AT &t EAdo
AN LAEo] Ty dR Fog pAE w2 AdS
stk 1gjar 121°ColA 1587 718 AHloll= 59

=

kDa
205

116
974

55

36.5
29

201

6.5

3.5

Fig. 3. TrisTricine SDS-PAGe of the partially purified
bacteriocin from L. brevis DK25. Lanes: 1, molecular
weight markers; 2, the bacteriocin of L. brevis DK25; 3, gel
overlaid with a lawn of L. monocytogenes KCTC 3569.

o] FAHA=HE g 221 Fofl tist FgAL A7)
b A2 7y dAe] 3, g A5 F9e] &4, Y
sk wAbAR B E2 glycine Il 7I9lske Ao E Bl
=1 tk17). 233l L. brevis DF019] HH|E A& ¢
-chymotrypsin, pronase E, proteinase K, trypsin 5ol <3|
E4s Ao, pH 2-129] W9} 121°ColA 1587k 7}
g Aoz e Tz FASIAT 3 o] B A4
o] A AV]e 8.2 kDal® Jeh B APC| L brevis
DK257} Aaket whe|g| e Alvhe Ex1Ee] 3719} Ee5eh
gl 3t eFgAde] Ui tE AoE Jehtkis).

0
[}

HHEA[ZHOM| 2 L, brevis DK257} AbAlSH Skt

MRS broth BJ|Z] WA 30A13t vjdsl= B9 L brevis
DK257} Aikgt srEde] FRet 848 4% dae
Table 33} 2t} L. brevis DK25 #52] Hj% pHE= AJZHo]
Aol whe} 7HAE HHH F AR of2 Hlg|Hog Flst
o] i<k 30417t whol] 1.07:0.08% 2 YeERIIET ol F7]
b Agell otk Aotk A, Bl e4le] BT BTl
el AlFkste] vl AlTte] Adeg FASHAl St
18-24A17F 3 Hdj o] &4 YeRNITE SFARE A=) <]
Folle AFealas 28 o3t uielgele] 2 <18}
o SFEAde tAl FASH AstEh a8]la Lo brevis
DK25 75 IEGFAE A ¥e AeE ERlEHA
thAE \]AA).

Kang¥} Kim (18)¢] ®ilo]] w=H, FX|uo|x &gk L
brevis DF01-2 MRS brothollA] 37°C, 34217 vijefsi= &<t
%27] T4 8x10° CFU/mIoIA 2x10° CFU/mIE Z7F8Hda,
pHE 6299114 43002 ZHAislon, v E|oal a4e %
7] tig= 271 S S 4AIIRIRE AAE 7] ARER oS
Z47] Futoll Hhe] 4640 AUMNZE A3 A=A F

¢~

T



b AT HEZeA S AL FASITAL sk L
brevis DK25°] ke 543} ubee] 941 EAdel tha xjo]

7} 98 & 4 AUk SR L. mesenteroides KCCM
113240]) TIFF B E2E RIS L lacris IW30] 23
dHgl Al A7) 2714 Hule] S0 =gt & FA)7)

R o]fole ZAdo] FASH AHUTH st B Aot
AR, ol Mxe did Eljas 5 AAe %
& 94’3]1 ALY, Al T Bl esls FEATIA
v =2 JIEF AlEe] dAREES EEAIE F4ToEA £
Azl He AR BuEAck17).

S %7]’&, diacetyl, acetoin, ¥MFel4A 2 vl
< Kol S EALS- xg)\].—g—],‘:_ Rnog olg;] Xﬂ 9
ok 7k s X—i?_ FAHES] ARMEZA pHE ZHAAA
e MAEY FAE dAlstket) vlsfgE 4k Agge R
Az W2 ZgakEo] AE WiHE REeA)7|a H oS
TIA AzERS 2HdsiAE et ofue} A7) S48 gt
THIE BHAIA AEE FA el 53, odad 2t
o] AYAFsh= acetic acidu} propionic acid= pKa’} =014
HElg]Ad ko] Hlgo] O &2 AeE dA Urk36). L
lactis subsp. lactis biovar. diacetylactis7} A2F3F 7121
oJ3) S aureus®] T 99% ©)F HAEATH9). THH F4F

01)1

TEL flavoprotein oxidaseZ 7HR|aL QoA kA EA 5}
A IpslEas Artehet Y] TS catalaseS
AAVSA] epo g Tkt BelElA] o HAF o RN

g2 ATSdA 723 AskRe-s gulksla A ghlAo)
A 322 g3AA zﬂ-?fgq__ uH3)31CKS8).  Nisin,
subtilin, epidermin, gallidermin % SA-FE229} 72 lantibiotic
2|24l AqURE WHBkshe Mxete) =2 Z-g3te] A
3 HFE Fdshet 2ash JdURE 14A]7]3, DNA,

uhele oAl kgL Ee] B8 A2 an 371

RNA, @4 ol ‘3} o AFAE AABAY, Al
WS o] ATPES fEAIA AEZ APIAINITK3S).
lanthionine S H-3HA] &+ HHE|Z] 241Q1 pediocin PA-19]
 lactacin F= Al2Ete] AFHS F7MAA AX Y2 AR
=zt ﬂULDE U7 opu| =k K o]y o-nitrophenol 2} 2+
2 UV &+ EFES %%’\1 1 3452 (proton motive
force, PMF)& &EAA A5 AXZE A THETH15).

L. brevis DK252| Bie||2| @41} QHASHMZER
e g4t
L. monocytogenes KCTC 3569%} L. brevis DK255 BHI
brotholl FZF3}e] 37°Col|lA] 302417t B¢t &3 vl
% L. monocytogenes®] v W3S T, o2y L
brevis DK259] Hj%F 235507 100 ul/ml)z 2241
(3207 640 AU/m), FAFHEF §4(0.059 0.1%)9]
o5 g o]E59] &3 Ao 23t L. monocytogenes KCTC
3569¢] FdAaAE AHE AI= Table 33 2k L brevis
DK259} &3 wlFe W) L. monocytogenes KCTC 35699] =
7 e PARoR Raste] MAZ F EoEA U
SF 2 log cycle A% ZAEU=H ol vy w9t A
701_7]}‘\1—34. 1:1_1'—1;1]3]_9_ ],] Odal:o] 74_& X%Qq_ 1:\:6]— L
brevis DK252] vk 2359 50 pl/ml *}2] A] L. monocytogenes
KCTC 35699 7] = F=717F 27 vls] ohh A
Z HAo,  o]Fol= M8 F7EET] AlRFeRaL, wiek
35 100 pwyml Mg B¢ AR 27| d57F 7
A% whE o)Foll= Z2FH EU1ESQITE At} Lo brevis
DK257} A2k BHE2] 241 320 AU/ml A E|AJol= Bk 18
AIZE qbel] 7] 157} 9F 1 log cycle ZHAE A, 640 AU/ml
A= 2F 2 log cycle =9 74F =0 320 AU/ml

xz2lofl 2

r9£

Table 3. Change of pH and production pattern of the titratable acidity and bacteriocin by L. brevis DK25 during incubation
in MRS broth at 37°C and effect of different antimicrobial substances on the viability of L. monocytogenes KCTC 3569

Viable cell counts (Log CFU/ml) of L. monocytogenes KCTC 3569

Bacteriocin Bacteriocin

;:;g;l Titratable Bacteriocin CFCS P . P . CFCSISO 320 640
‘1 P 2 +
Time pH  acidity activity Control Co-incu- CFCS” 100 Bacteriocin  Bacteriocin b(:r?;fyl;fl: b(:r?;fyl;fl: P(izrsrslium AU/ml+  AU/ml+
(%) (AU/mI) bation” 50 pl/ml 320 AU/ml 640 AU/ml Potassium Potassium
(h) ul/ml 0.05% 0.1% benzoate benzoate  benzoate
0.05% 0.05% 0.05%
A 0 A 0
o 684 D 502+ 508+ 510+ 5.13+ 5.04+ 5.28+ 5.12+ 537+ 5.20+ 5.14+ 520+
0.04 031" 029" 033" 058 0.46" 0.35° 0.25" 0.19° 0.24" 0.30° 0.11°
P D 6.13= 372+ 576 476+ 4.67+ 4.13+ 5.56= 5.06= 4.64+ 420+ 3.80+
005 008 0.40° 033"  0.60° 041" 0.26™ 0.80™ 037°*  0.66™ 052" 0.46™ 0.55"
5 517F 051x 320 8.14= 310+ 657t 441+ 435+ 381+ 6.32+ 475+ 523+ 4.15+ 3.03+
005 0.9 027° 056" 055 037" 0.33" 027" 0.45¢ 0.72" 0.67° 0.58" 0.43
g 482 068: 1280 8.89+ 267+ 746 507+ 4.09+ 326+ 6.98= 522+ 572+ 428+ 2.84=
0.03  0.06 ’ 0.63® 048" 071" 029  0.62™ 0.61" 0.63" 0.59% 0.50° 0.61*¢ 027
by 4385 0.90% 1280 935+ 301t 759+ 578+ 572+ 3.57+ 723+ 5.67+ 5.99+ 4.86+ 230+
006  0.10 ’ 0.44° 066" 066" 039 0.51° 0.36° 0.58! 0.78° 0.46° 0.38" 0.61°
o 399+ 107+ 640 911+ 380+ 8.03f 624+ 5.89+ 414+ 794+ 6.05+ 6.38+ 454+ 2.58+
005 008 052° 070" 087° 051¢ 0.74% 0.44° 0.77° 0.60" 0.70* 0.56" 0.40°

Values are meantstandard deviation of triplicate determinations and means with the
determined by Duncan’s multiple range test.
D" After co-incubation with L. brevis DK25 (1.0x10° CFU/ml) and L. monocytogenes KCTC 3569 (1.0x10° CFU/ml) at 37°C in BHI broth, viable cell counts of
L. monocytogenes KCTC 3569 was estimated in Oxford medium by standard pour plate method.

? CFCS; Cell-free culture supernatant.

» ND; Not detected.

different letters in the same row are significantly different (p<0.05) as
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7S v Boks o 52 dAladrt G4 Jehd bheE
22le] gt AL FEIEH AL stk a8lx
HjF A58 50 ul/mle} oA ERAE -890(0.05%)S EF A

ZAgelle vl 271 w7 FRlEkA AaEda, v
241 320 AU/mIS} P23 &9 0.05% S &3 A
23k A9oll= 12417 wholl 27] #=7}F <k 1 log cycle Za
HAar, o]Fox #rE IA F7IA 4tk wEE Al
640 AU/mI9} 2R EEE 89 0.05% 5 T3S wole
v 27)1%E FAH d57) BAaste] 24417 Felle 27
TF2ZRE 9F 3 log cycle A=) T47F A e A
2T 1ot £ B a Jeltth 9 2 wjok
AlzPE gt 2290 FR0 wWE g E9E vlws) 2 o,
HjQk 24217 & 2 E S B2 XE T tlE2Tl vis)
A} §oJFHoZ =gkom (p<0.05), 1 FoA E3] Bl
241 640 AU/mIS} ora ek 0.05% S &5 23S )
7V dat A=A JERGL, 1 O EE vl
640 AU/ml2] 9% A7) 2L we|g) Q4 320 AU/mIS gk
AHAE 0.05% 9 &% A £oZ YERTE Garcia 5(10)°]
W2 E. faecalis BJ97°] A4} enterocin EJ97-2 F 3k
HEF0.2%) 7] & Aol o3 Jsarrt A8 vehd
A ggrial st B A3 Ao} tha Zolg BT

i)
o ok

%

L. brevis DK252| HiE|2|241n} QtARIMZIE
2u=e| X7zl O|xl=

Adre =gide A Aes T8 AJAFeE L
monocytogenesS V153 S. enteritidis, S. aureus 3 enterohe-
morrhagic Escherichia coli 52 WA AsE5o] A5 7
SHIL 0|2 Qs B2 A sk Tk38). AF Az
St vkau|=el] L brevis DK257} A84ket vhe|g] 2219} <k
SRR @E Sl 93t L. monocytogenes KCTC
35692 Sl WA= FFS E9E ZI= Table 49+ 2t
L. monocytogenes KCTC 35695 A|Z3F vlav| =] HE &
4°Col] A3tz A 10Y Folle 27] w4 B} o

2|7t ot

1 log cycle ol 71U} &f7)ol vlelg] 241 320 AU/ml
9} t2EREAE 8H 0.05%5 4 dxo= As B¢
2-4Q7HA = A ARS Boltpt BA] AAE] STk
ARt ol55 EF A A9l 109 & 27| dFRT oF
2 155 JERIET ol tiRTut gk
2l B} fojFow vk $50] Atk(p<0.05).
g, 25°Cell A3 A 7] 9 S7HS 4°C Bo
AN Eol A 4dAoll= 7] dFZHE <F 3 log cycle
ol S/ wrElE] 4l ehAlERAE SAs A7 o
502 A Afele Adske st izl Hls) 194
o7 ke FFE FABIALW(p<0.05), A% 1047]ol= v}
g2l gelvks S w 7ok folHl Afel7t §1
S AR 797 A e IR E dEAET B
o #ge O =4 ZESHAT s v Al ek
AHAE B9E T3 A YS dede o5 dEoE XY
ARG oA we d4E AT & UATHp<0.05).
Jung S(16)°] WEH, A& Yo EAs= AW nisin]
A3t BXE Wsliste] 3 EAdo] wolxlttar ®argk v gl
o] & Aol M= A Aol A Hrt vhau= ol v
2419] gt EA4do] hAEREAE & Hlg) tha WA
Efget] ol whau|ze| FfiE Age] J3R] Aow FA
Hoh

Nielsen 5(26)2 A4S0 &A= L. monocytogene2]
AN=S A3l P. acidilacticiol 2J3l ABAFE vle|g] 2 2lo] a3}
Zolglar s, Park 5(32)% 22 a7l =
monocytogenes®| T3t lacticin NK242] -t 28-S H gk
vl Atk Neetoo 5(25)°l &t A dAolE 4°Cell A4
w nisin 0.00125% <} potassium sorbate 0.15% 2-2 sodium
diacetate 0.125%5 &3 A AT 25 &% vi=THG
o5 e IE RS TE &8 nitrite, pentasodium
tripolyphosphate, sodium benzoate - potassium sorbate <}
E. faecalis7} A2¥3F enterocin AS-489] &3 d+= gl
Helol axts A PR STk,

5 o

2 X

1 log cycle
ADF U=

Table 4. Effect of L. brevis DK25 bacteriocin combined with potassium benzoate on the viability of L. monocytogenes KCTC

3569 in a manufactured mayonnaise stored at 4°C or 25°C

Viable cell counts (Log CFU/ml) of L. monocytogenes KCTC 3569

4°C 25°C

Storage Bacteriocin Bacteriocin
time Potassium . 320 AU/ml+ Potassium . 320 AU/ml+

(days) Bacteriocin . Bacteriocin .
Control benzoate 320 AU/ml Potassium Control benzoate 320 AU/ml Potassium

0.05% benzoate 0.05% benzoate

0.05% 0.05%

0 5.17+0.11° 5.21+0.28" 5.02+0.30° 5.30+0.40° 5.33+0.35"  5.16+0.35" 5.05+0.10" 4.99+0.25
2 5.36+0.25" 4.27+0.55" 4.59+0.22° 4.03+0.47" 7.74+0.62"  6.05+0.48" 5.81+0.56" 5.69+0.41°
4 5.72+0.41° 4.51+0.45" 4.22+0.58" 426+0.51* 8.55+0.45°  6.62+0.40"™ 7.04+0.73" 6.03+0.52°
6 5.97+0.56" 4.78+0.36" 4.34£0.41° 3.99+0.74° 8.62+0.51"  6.99+0.50" 7.13+0.61° 6.82+0.42°
8 6.05+0.49° 5.17+0.51° 4.82+0.39"™ 4.22+0.60° 8.99+0.52°  7.24%0.63% 8.02+0.84° 6.50+0.71°
10 6.28+0.64° 5.23+0.82° 5.110.66™ 4.45+0.53" 9.29+0.20°  7.71+0.56" 8.11+0.92% 6.34+0.30"

Values are meantstandard deviation of triplicate determinations and means with the different letters in the same row are significantly different (p<0.05) as

determined by Duncan’s multiple range test.
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