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Abstract

Physical and sensory characteristics of commercial yogurts are important aspects for
consumer acceptability. In addition, beneficial functions of commercial yogurts are also
emphasized for the probiotic dairy products. The aim of this study was to investigate the
functional properties of yogurts with the combination of bacteriocin-producing Pediococcus
acidilactici. Yogurts fermented with commercial starter culture (control yogurt) and control
yogurt together with 2. acidilactici HWO1 (yogurt+HWO1), 2. acidilactici JMO1 (yogurt+JMO1),
or P. acidilactici K10 (yogurt+K10) were prepared. During 28 days after fermentation, the
viability of lactic acid bacteria, pH, and brix, in the yogurt samples were assessed with
standard methods. Moreover, to investigate the antilisterial activity of the yogurt samples,
Listeria monocytogenes was simultaneously inoculated when the yogurts were prepared with
lactic acid bacteria, and the viability of Z. monocytogenes was determined. Although
yogurt+K10 did not completely remove . monocytogenes, control yogurt, yogurt+HWOI,
and yogurt+JMO1 eradicated . monocytogenes at day 2 after fermentation. However,
yogurt+K10 also removed L. monocytogenes at day 3 after fermentation. Taken together,
these findings suggest that the combination of yogurt with 2. acidilactici does not affect
its quality and they may consequently aid in the development of new probiotic yogurt.
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% FAAMTER spoilage bacteria®t pathogenic bacteriaS 831202 AP, thFE2Ql vt
g2 QAL Lactococcus lactis®l Qo A73== nisin, P acidilacticPll 218 A344=1= pediocin
5ol k. E3|, AA2HE E2$t P acidilactici K109 23] A=l dHE2] QAL TjREo]
T3 PR ofye}, AR T SgAlRl disiA e At 4 BRIk AXY e 9
ANTEE F2A B9 93 WA 591 P acidilactici K39+ P. acidilactici S12 55
< AAA F= HHE AE /st 5ol JItH2]. E3F WolzRe £2H P acidilactici
HWO012 P. damnosus, P. claussenii 5] W59 F40|| e T+ =S Alsfisk= utH=e
QALE AITHAL

IZHPo| QEALE ‘FESE S AHTE W 14 £2 8E F= AolSlE #oE FYH1
UCH4]. 2Alore] Beka Metchnikoff7} &71jo} AlgFEo] 45 rel= ol47t Lactobacillus
2 3ad e o] 43 fiEolgls AL ¥eW oJ#i2 probiotics?] 71632 2359 AFEE o]
23 Stk 7P dEAQl ZRHo|QEA JF2E [actobacillus’t 2, 1 ML Lh.
acidophilus= 37| AoPd= s80] $451al Iilpas 9 AAPYEES FJ5t] Folidt
2 ARt WYRE 83t HoY Lacrobacillus rhamnosus TE3F WARJo] 73] Ao &+
Fapsto] fofte] MY dAlSkL FAEEES AAAXIHEL

1 2 AR 42 9579 n8ESH 4T AR 7 2 ARohs 3] Az
4, 22 0 9 AR} §E2%0] o JFE v=tt. E9], 7 € FTRARRL 20 Host
= w5l Listeria monocytogenes, Escherichia coli, Enterobacter aerogenes, Bacillus
cereus, Streptococcus faecalis, Lb. plantarum, Leu. mesenteroides 5°| JTH6]. E3] L.
monocytogenes’t WL ok B2 F83 ulE 2=t ol fAIEY _Ye=
olslo] 2710 999 L. monocyrogenes? %ol Aujete, B &5 WALTolA L. monocyto-
genes?| A&3t 4ol 7hsslo] fAlES FuAld 4= ks Zolvh ®3E, 37lA L. mono-
cytogenes”l gt Qo] WAYSHA, AFo| FES Aokt Byt oy}, Ayt 2710] ZHHAH
o|Zlo] 4 & WA 4= Qlo] odH - AASH 7L ofgthe BEax JItHTI

wehA] 2 Ao 8AE| wE2| QAR B35k P acidilactici 37 @8 22 S3tst
of Bt brix, pHO 8AE F4& S759it}. B3 8 AE A/ WA A<l L monocy-
togeness JEt FAkto] A/dsks B0 ot 3AE & B Al Aol 582 B7kstoit

= 3 EH

1. fitd ¥ WY Mz Y

8AE AR YxFo 2= A= 8AEM Befdt 23 #4511 Streprococcus thermophilus,
Lactobacillus bulgaricus, Lb. rhamnosus GGE °©l&sl3tt. ol QAEE lactobacilli
MRS(Neogen, USA) BiA|ol| streakingdto], 37CoA 24A17F BiFAIA E&Jst5ict. SAES] 47}
St P acidilactici HWO01, P. acidilactici JMO1, P. acidilactici K102 272+ B, Elg}, B2
A BElstgon, Ado] ARSE RE GAFS MRS HiR|OA] 37C, 24417 wjoFsto] ARE-51iLY.
AYof o] 83t WU 9l Listeria monocytogenes KCTC 13064% brain heart infusion
(Neogen) HiZolA 37C, 24A17F vieFoto] AMESHROH, L. monocytogeness ¥ Hok= M=
= supplements Y2 PALCAM(UK) HiR|E ARESILT

2. QHE M=
A E-G- 100 mLof| A== QAENN E2let 238 w5 35S thermophilus, Lb. bulgaricus,
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Lb. rhamnosus GGY& 1% HE5IH9tHYogurt). MRS brothol] 23t @5 352 4 widFsle
o, Z7M80F P acidilactici HWO1(Yogurt+HWO01), JMO1(Yogurt+]M01), K10(Yogurt+K10)
< 77} JE3to] 37T, 2447 Bl 3, 7,600x g, 4T, 587+ Q4 Bsiqitk. AsHS AA}
AL peptone water 10 mLE g0l ¥ AAeE &, AJE-F 100 mLel 4249 &g = 1%7t
HeE HEolal, pH7F 4.58 "old 7] 37T, 24AIK004 48A1t 51t Hidsto] RAES
A|Z3t oo 4o EAsIct

3. QHEQ| MiFA =X
Q7AEZ peptone water]l 3451, 7} 314 HL 100 mLA MRS agar]l pouringslol 37T
A 247171 HioFslo] & Aldtgitt. 24 SAE MEL 3HHE0 2 AFS Xgste] Htgke it

4. QHEO| pH X
pH meterg 4.01, 7.00 buffer 8402 HA3t & 94.5% oek&3t 33 SREFE FFSE
AAeE & 7 QAE ME9 pHE 3¥ S45t] BdkZ 3tk

5. QHE9| brix £
Brix 2A7|E #A1 2822 o4 JHL AT ke, ZF 9AE MZS 300 mLA 71E7}t
A7NA FeE B=F & brixE 38 2A45l0] Bk L3k

6. QHEOIM Listeria monocytogenes KCTC 13064 x1oH =3
L. monocytogenes KCTC 13064(1 x10° CFU/mL)E Am-8of G4kt 3 @5 = 84
4 . monocytogenes® Bd4E 0, 1, 2, 34 7H202 Bz E o] gofo] 3HHE o2 =4
O]'Oq B okt

Z1 Y 1%
1. QHEQ| ¥xs+ 58

AlEl = 8AEA Bl &% +5 35T A8t yogurt R+ ¥ yogurt+HWO1,
yogurt+JM01 yogurt+K10 A¥TS] B+t HIlE S4 2}, TR £ 28Y 5ot 4719 8AE
MES BT A7 YA 02 #kelA] goton yogurt+]MO1-2 229 o5 e #4571 0.5
Log CFU/mL A9ItFig. 1). &84 4718 71& 9 120 29, HER9] & A
4= 7122 107 CFU/mL o|&olt}. H|Z yogurt+]M019] A#47} 0.5 Log CFU/mL AR
gk B Aol ARt AAEE BE fARE $3(10° CFU/mL oJ4h)9] 71%o] Zgetgit.

2. QHEQ| pH &H

AlgEl= 8AEOA EEoid &5 +5 35T 283t yogurt R+ ¥ yogurt+HWO1,
yogurt+]M01, yogurt+K10 A2 9hg & 4T Rast 5 289 59t pHE 274519t 27]
pHE yogurt TR 9 AT HF 8 AEQ] 24 pHAl 4.3 ATlon, ¥a & 9497 = 39
A0 R, o]F 28U7IA|= 69 7HE 2= pH WokE S4oIltkFig. 2). 34 23, yogurt iR
I} ARl 25 15971 pH7F fAsks RS Bt 15971K19] pH 3kttt At 719
o]z ALl YA 9ottt 1597 = 8AE W f4kte] fAPERE Qls) pH7F #Hasks A
g, 21958 EHE pHZF S7F67] Al ol dafe] E43 B0l Al AR AlEE=

)
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Fig. 1. Changes in the viable cell counts of lactic acid bacteria after fermentation. Milk was
inoculated with Streptococcus thermophilus, Lactobacillus bulgaricus, and Lactobacillus rhamnosus
GG (yogurt) and this milk with the starter culture was also incubated with Pediococcus acidilactici
HWO01 (yogurt+HWO01), P. acidilactici JMO1 (yogurt+JMO1) or P. acidilactici K10 (yogurt+K10). After
the fermentation, the viable lactic acid bacteria enumerated.

5.0q
4.5+
T
o
4.0+
—@— Yogurt —&— Yogurt+JMO1
- Yogurt+HWO01 —¥— Yogurt+K10
35 T T T T

0 3 6 9 15 22 28
Days after fermentation (days)

Fig. 2. Changes in pH of yogurt samples after fermentation. Milk was inoculated with Streptococcus
thermophilus, Lactobacillus bulgaricus, and Lactobacillus rhamnosus GG (yogurt) and this milk with
the starter culture was also incubated with Pediococcus acidilactici HWO01 (yogurt+HWO01), P.
acidilactici JIMO1 (yogurt+JMO01) or P. acidilactici K10 (yogurt+K10). After the fermentation, the pH
was determined for 28 days.

§, AE3H| Wgo] et Aol ey Wagt ge o
2 A7) ZolA, ole] A T AE W1RE TR

FET1Ee AR BRE Aol vidE Yal A T BF W 332 AY T gus
g3 AR B 1Y o]olo] The niEo] Q@A) SHEE dof Stk Zoltt web AlgHy

FolHE RAE 29 Bt wrad 5 93, BAE B Az SRl BAV QoL slefeis
ol I ke o] dAHiEel oS - OHYIoh ZARS] thAHEES] 71K - Hol
FEEGS slof 219 olF R ph/ S7KE Ao2 F3un:
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3. QHEQ| brix &4

Brixe F& Hetdle 9912A, 589 £ St Sle 849 2 %2z vekd ol o
oA HEA 822 lactosel [T, brixol Hofsie 842 71/ AFEole T ohEt 4,
T, A S ZE o] 7] Wizl brix7h Erhe 2 Bed] Gt Erhe 22 ofn: WA
yogurt &7 2 yogurt+HWO1, yogurt+]MO1, yogurt+K10 A9 brixe T& § 6U7HA|
Aaste FAIE EAHFig. 3). ols 8AE W] friktel 3 3 71E S diale] o83t
23} 2 4 9 BSel pH7E 62714 Aaske A& HolFig. 2), 32 HAMER 089
A AFRE Ao= Idd 4 9lth 1 F yogurt R0l 7P fia FAVE A9ter, A
A= yogurttHWO1, yogurt+K10, yogurt+]MO1 =22 brix7} B & §A={th 1811 15Y
o] FE= F4 WokE QI brix HeP} WA Zog Holn, 21 O]9 RE= GHE QAE
el g2 tiatell o] 83l7] AlEksto] thA] brix7t A4t A0s AlEtt

4. QHEOWM Listeria monocytogenes?| XMall S2

L. monocytogenes d5=2 °F 10° CFU/mLo] 22 FE& AJge-Go] 3 45 F= S3ht5F
9} P acidilactici 55 333 3 [. monocytogenes®] AagS 7431 tHTable 1). tiZ&+
9 AT % [, monocytogenes JE 1Y€ Fof| 27] FEFET W2 L. monocytogenes "t
71 HEERQIH. SAER WaEy] A9 $F AH pHE 6.5 H==E L. monocytogenes’t 4
AZog ZA 7155t 02 AlRETh L. monocytogeness A& THE pH ZANA A2 U
Aol s TS A7 Aol B2, pH 4.0, pH 5.092 243t AAA L. monocy-
togenes’t AATIOH, 5U7H9] BiF Tol= HEEA Ldth SHARE pH 7.0 A== 278H Al
A= 549] AAZom, o] pHE 4.0 == WolA|H FH49] F28 A4t UeRiThg]. ol&
B39l L. monocytogenes2] Adfolle R pHE| Jdo] FQoi}al & 4= 9lor 2 I7-9] 240
Mz QAE Ha 3 2% 35 7IHCE L monocytogenes] 7+ FATE A4 UL

5lo s
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Fig. 3. Changes in brix of yogurt samples after fermentation. The results were obtained by
measuring the brix of each yogurt in 3 iterations. Mik was inoculated with Streptococcus
thermophilus, Lb. bulgaricus, and Lactobacillus rhamnosus GG (yogurt) and this milk with the
starter culture was also incubated with Pediococcus acidilactici HWO01 (yogurt+HWO1), P. acidilactici
JMO1 (yogurt+JMO1) or P. acidilactici K10 (yogurt+K10). After the fermentation, the brix was
determined for 28 days.
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Table 1. Inhibitory effect of yogurt samples with or without Pediococcus acidilactici on Listeria
monocytogenes growth after fermentation

L. monocytogenes (Log CFU/mL)

Yogurt samples

Day 0" Day 1 Day 2 Day 3
Yogurt 5.28+0.00 6.45+0.01 ND ND
Yogurt+HWO01 4.11+0.03 5.79+0.01 ND ND
Yogurt+JMO01 3.57+0.05 5.28+0.03 ND ND
Yogurt+K10 3.8110.08 5.94+0.12 3.18+0.90 ND

" Days after fermentation.
ND, not detected.

t}. o1} A P acidilactici= BrEH[E RA1S] /g0l 948t AR LA o EZE -fARFOIA
A3 HE|E Al 98 L. monocyrogenes®] 2101 Aol dA A0 ER[9,10], °IF &
8 A B2 Ao Q8)l 1. monocytogenes®] AEE&0| oA A 07 AlmE Lt 7140
2 yogurt+tHWO1, yogurtH]MO19A+= L& & 294 Haddo] &gt AshE EQa, 394
o= B AgwolA Heato]l ¥As| A=At o2t s Bl P acidilactici7t A/37¢
1AL, EHE| oAl 22 -850 oo I FAIER] L. monocytogenes’t BIFHOZ A
SiE Aoz HRITHS]

2 o

B AoAE vHEE| eALS AASEE P acidilactic’s B83t 71574 RAES Axsto] It
3t m2nfo| AR A9l EAZ BIISIAT Yogurt starterZ A== @ AEA 223t
B3t 5 35S thermophilus, Lb. bulgaricus, Lb. rhamnosus GG)< AMSSIHoH, &3t
Z9} P acidilactici HWO1, P. acidilactici ]MO1, P. acidilactici K10& Z}Z} 25 %3]0
Z1710] QAES AXS vy fAEe] A+, pH, brixs 4% 23, AN B B
8.0 Log CFU/mL o9 Ad47F AEE] fAkt BRAEA 71$0l Asioict. E3F pHY
brixE 43t 23}, @ T A)7to] Aol wet B 7Astnh - fAES] 2of QlofA
froJelloF & BUA w19l L. monocytogeness T3l R AdlsE 95192 L. monocy-
togenes’t IR F 3UARE BF AofE= o] LRIE Q. & At AXE Fof HHHEH 4] A8
A 459 P acidilactici HWO01, P. acidilactici JMO1, P. acidilactici K100] Ha&-{AE Az
AoiA SAE AE2] W3} glo] ZRHpo|QE IS AW R 7|thEH, A5 9 A=
Z2vlo] Q8 A {FAIE o] E3-& & Aol AET). 181 L. monocytogenes 99| THE
WY 9] Asfaze] gt A4t 9 SAES] APg2Eo] w2 He Asiay} zolof gt A+
T 7| webA w4 B FE B8R 71548 AEE Al AlEAkdel A8tttk ¢
A 9 AARE Aol tigk A7 H o]FolAoF E AoE Helth
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