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Abstract

Yogurt is produced by bacterial fermentation of milk and contains lactic acid bacteria (LAB),
which produce various metabolites such as organic acid, hydrogen peroxide, and bacteriocin.
This study aimed to investigate cell-free supernatants (CFS) of LAB isolated from Tibetan
yogurt. CFS (TY1, TY2, TY3, TY4, TY5, TY6, and TY7) from selected strains of LAB were
co-incubated with four different foodborne pathogenic bacteria, namely £ coli O157:H7,
Listeria monocytogenes, Salmonella typhimurium, and Staphylococcus aureus. Inhibition of
foodborne pathogenic bacterial growth was not affected in the presence of CES (pH 6.5).
In contrast, CFS without neutralization completely inhibited the growth of the bacteria.
Furthermore, when the concentration of CFS (without neutralization) was changed to 1:4
and 1:8, a difference in inhibition was observed between Gram-positive and Gram-negative
bacteria. CFS more effectively inhibited the growth of Gram-negative £ coli O157:H7 and
S, Typhimurium than Gram-positive L. monocytogenes and S. aureus. These results suggest
that organic acids in LAB may inhibit the growth of foodborne pathogenic bacteria,
particularly Gram-negative bacteria.
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W 71542 59 spolrl]. AAEE 9% EL gxfo] SAFZS Wil S6o) Fuje
SR W ARl B AAE AE M ATEL BA) G 1S5S Folt AR
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QoItH11]. ASES ok 2 AIHC 2= FHscherichia coli O157:H7, Listeria mono-
cytogenes, Salmonella Typhimurium, Staphylococcus aureus 5°] @A AtH12l. £ coli
O157:H7= A9 HE AF &, &, 17|, 4 52 Bt A=, EH77t 7FY 583 o
dog d#A JtH13]. L. monocytogenesS] FH HAE 2= 2HH A=Y AFoltH14l. o]
ol O3 AASTE AAL S 4ovle HXSA B85 HE@F, HeudoE MdE= s
d AT PR F/do] YERrATH15]. HEAR] AFSat 5 shHRI Salmonella 4 w2 7159
Zgol| A=k, SANE 5 LUAEE Boto] Adsie] 348 HG, AR AES B FE 719
HESS S0 4F B4 55 4o7|= 83 A0 W A9 Ao 3598 S8% A&
Ao & L&A UTH16]. S aureus QA HEAQ] AFE102A 7], EY 52 AAN] 3
AstA BxLIH17]. 53] AEFo] 288 S aureuss WEQ] A=4(enterotoxin)E AF/J5}o]
TE, AAL 948 59 342 Bhlohe 547 A5EE JoItH18, 19]. AR AF A3/gel
ofgt Wt AAl= 71t Hol e FHEAY 71dolh tiRRS] fANFS A4 B AR} 2
HARRRES BAREO 24 pHE W50, fofite] A4S AAIRITH20]. wbA & oA = Bl
8AE(Tibetan yogur) ZHE] E2J3t fANFS o]8slo], 4553 Fidches F8 URIHoE I
A E coli 0157:H7, L. monocytogenes, S. Typhimurium, S aureus®ll tiet SAaTE 9l
starzt sk

=z 3 IH

1. o5 2 Ak
£ AYoA= E¥l 3AE(Tibetan yogurt)olAl E&J3t f4F5E de Man, Rogosa and

Sharpe(MRS, Neogen, USA)O]l 37C, 48AI17t vieFoto] AR8stSiTt. Aol ARESH MY £ coli
0157:H7 ATCC 35150, S Typhimurium KCTC 1925, S aureus ATCC 292132 Nutrient
Broth(NB, Becton, Dickinson and Company, USA)°IIA, L. monocytogenes KCTC 3569
Brain Heart Infusion(BHI, Becton, Dickinson and Company, USA)Q] 37Tl 24A|7t 59t
HjFstoi.

2. Cell-free supernatants(CFS) 2|4

709 #F TY1, TY2, TY3, TY4, TY5, TY6, TY7S MRS agar] 37C, 48417t B2t 22}
HiFstgitE. o]F 16,000x g = 4T oA 108 &t YAEY & B2 7 459 F5HS 0.2 pm
Syringe filter(Samchun Chemical, Korea)Z A2 ojZist & -80TC oA EslHLt. pHE
HAS CFSE AIXSH Ffolls 5US oz 7719 #5-5 widsto] 16,000xgO2 4°CoflAl
108 5% AR & AL 7 7529 A58 pHE IN NaOHE AR5t 6.52 BTt
°|% 0.2 pm Syringe filter2 AHHZ Jsto] -80T Hasto] Lol ARSI

3. gt EM

600 nmOlA S8EE 0.06°2F 9 £ coli O157:H7 ¥i%¥ 100 pLe} 2+ w#+5-2] CFS Al=
100 pLE 96-well plateo] A8t ¥, serial dilutiondte] 37T, 24417t vioFelint. iRt
&3] &2 fresh MRS brothE ARSI, A& TY1, TY2, TY3, TY4, TY5, TY6, TY7Z
pHE AR %2 CFS sampled} pHE 6.5& ®A3t CFS sampleE Uw0] Algulch stax}
BEXS =% o7 APt o]F microtiter plate reader(AMR-100, Allsheng, China)Z
595 nmollAl FHEE SAoth YT THORE 600 nmolA FBEE 0.060F T L
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monocytogenes, S. Typhimurium, 8. aureus Z729] B¥HE fresh MRS brothE H27C =2
Apgsl9om, 7F CFS sample] thete] EPz oz FHtarts BAsi9ict

RE A¥ATE= GraphPad prism 5(GraphPad SoftWare, USA)E AR&3slo] 33] HFEAISS
AASE YA et EEHARE YER T 2 o 7H] 59442 IBM SPSS Statistics 25(IBM, USAYE

pHE 6.52 BA3t 789 CFSQ| £ coli O157:H7, L. monocytogenes, S. Typhimurium,
S aureusel] 3t Yt EIE Fig. 13 Aot 4709 Yol sl CFS A & 595 nmollA] 4%
£ 239t S aureuso] W TY4 CFSE 1:29] H=& A2t Z3kFig. 1D)E Aot
4749 g gtol diaf 1:29] FE2 789 CFSE SHH o2 Aest A3KFig. 1), izt A4
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Fig. 1. Inhibition of foodborne pathogenic bacterial growth in the presence of CFS. E. coli O157:H7
ATCC 35150 (A), S. Typhimurium KCTC 1925 (B), L. monocytogenes KCTC 3569 (C), S. aureus
ATCC 29213 (D) were co-incubated in the presence of neutralized CFS (pH 6.5) of TY1, TY2,
TY3, TY4, TY5, TY6, TY7 at 37C for 24 h. The bacterial growth was determined at ODsgs. -,
The growth rate of foodborne pathogenic bacteria without CFS was assigned to 100%. CFS,
cell-free supernatants.
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o= gomg} xo]7} UERATH p<0.05). Fig. 29} Fig. 32 £ coli 0157:H7, L. monocytogenes,
S Typhimurium, S aureus°ll pHE E7g5H4| &2 782] CFSE 242 1:2, 14, 1:89 5=
A2et & FYH 0T YtaitE 243 Atoltt. pHE HA5HA] %2 CFS Aol o S35
A A, 4719 FFold BF tiRaa BAE R {oju|gh Aol7F UeRTtHp<0.05). £ coli
0157: H7, L. monocytogenes, S. Typhimurium, S aureus®| Hdl pHE 25| &2 CFSE
et A3KFig. 2, Fig. 3)2F pHE 6.52 B4 CFSS] A7] AKFig. 1) X5 CFSol J3) oju]
SHA A== AFe HAARE pHE EAF6H] g2 CFSE A2t A2ollA 5 & o2 A==
AL oI5ttt Fig. 29} Fig. 301A% 1:49} 1:89] =& & 7}z Aelgt 7&29] CFSe} 4719 75
< 5HH 0= 247 Aol uf, iRt Hlwste] Fojulet A% A aE ERlskyitt
(p<0.05). 4719] & CFSE 1:89] ==& AZet Aupr} 1:149] 5= At Aajof Bl &
A AA aE YePITE. L. monocytogenes®t S. aureuss E. coli O157:H7, S Typhi-
murium®t} CFSE 1:4, 1:89] 5= 27t A2jgt 23}, v|w A o @2 A% o4 ais gRlst
Act. €8 3 AE(Tibetan yogurt)ollA £2|5t f-AFe] CESE ol&ot] 18341 £ coli
0157:H7, S Typhimurium™ I¥F 3w L. monocytogenes, S. aureus®l| W3t A% A
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Fig. 2. Inhibition of foodborne pathogenic bacterial growth in the presence of CFS. E. coli O157:H7
(A), S. Typhimurium (B) were co-incubated in the presence of CFS without neutralization of TY1-7
at 37C for 24 h. 1:2 is treated in the same ratio of volume as CFS and subcultured pathogenic
bacteria. 1:4 and 1:8 are treated in the 1:4, 1:8 volume of CFS which is diluted with fresh MRS
broth media. -, The growth rate of foodborne pathogenic bacteria without CFS was assigned to
100%. CFS, cell-free supernatants; MRS, de Man, Rogosa and Sharpe.
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Fig. 3. Inhibition of foodbome pathogenic bacterial growth in the presence of CFS. L. monocytogenes
(A), S. aureus (B) were co-incubated in the presence of CFS without neutralization of TY1-7 at
37C for 24 h. 1:2 is treated in the same ratio of volume as CFS and subcultured pathogenic
bacteria. 1:4 and 1:8 are treated in the 1:4, 1:8 volume of CFS which is diluted with fresh MRS
broth media. -, The growth rate of foodborne pathogenic bacteria without CFS was assigned to
100%. CFS, cell-free supernatants; MRS, de Man, Rogosa and Sharpe.

Y B4 Isklth. f4te] CFS AR Al pHE HASHA] 982 CFSeF pHE 6.5% HA%H
CFSE Z7} Alztsto] 471A] ] A% Aol Hofske 7714k /g0l tigh 32 Bt
Skt wWebA pHE 6.5 HASE CESE AR&sto] A2iet A8 f714kE AQjgt f4kte] 484
E4of o5t A A aAE FHEESITY. £ coli O157:H7, L. monocytogenes, S. Typhimu-
rium, S aureus?l W3 pHE 6.52 EA3 CFSE 1:29] vE& AP o BdHTY1-7)=
njokst AR A B YEPRIL dHHo)|, pHE BAoHA] 92 CFSE 1:29] 52 AZgt 4<%
o= 4719 Eetel diste] EHTY1-7)7F 5518 A% 94| a3 YUehflcth olek 22
A= E¥l @ AE(Tibetan yogurt)llA B3t f-4kAt22] CFSol|l 3 -f7]4to] 2laf] ¥ eatel
Aol dAIE Aoleta Bt T3 & o] o A% A ZIKFig. 2, Fig. 3) EE HFolA
HIS3 AR P2 RIsklh ol 4714] Hedtel dish 1:28 A2 H CFSY st HE HY
9] S Aeffolr]of Fwoto] Uehd Ayt waEch AsEolM] TY CFSe) tadts
ot 7] Yo, F7HH o2 pHE EAoHA] 2 CFSY 5&E 1:4, 1:82 o] g3t AgojlA
I, 22wl wet A Bl Jol7t QS ERIsISItKFig. 2, Fig. 3). 1#=4
2l £ coli O157:H7, S Typhimuriume] 1#¥AT2l 1. monocytogenes, S. aureusel B3]
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