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Inhibitory Effects of Organic Acids against Pectinolytic Yeasts Isolated from
Decayed Citrus

Eun-Jin Park’ - Soyeon Kim
Department of Food Bioengineering, Jeju National University, Jeju 690-756, Korea

Abstract

Organic acids are known as natural sanitizers. We examined the sanitizing effects of five organic acids (acetic acid, propionic acid, citric
acid, malic acid, and lactic acid) and their persistence on three pectinolytic yeast strains isolated from decayed citrus, and the persistence
of their sanitizing effects was determined during storage at 4°C and 16°C. The 7~8 log CFU/mL of the mixed three yeast mixture was
exposed to various concentrations of each organic acid for 1 min. The yeast mixtures decreased under detection limit(1 log CFU/mL) in
1% of acetic acid, followed by in 3% of propionic acid with the reduction of 5 log CFU/mL. The citric acid, malic acid, and lactic acid
decreased the number of yeasts under detection limit at 7.5%. When treated with deionized water and 1~5% of organic acids were
treated on the surfaces of citrus contaminated by yeasts, total numbers of the yeasts decreased under detection limit(3 log CFU) at 5% of
acetic acid and 4 log CFU/piece at 5% propionic acid compared with deionized water. When treated with acetic acid and propionic acid
on the stem ends of the contaminated citrus, total numbers of the yeasts significantly decreased 0.5 log CFU/piece at 3% of both organic
acids. During storage at 4°C and 16°C for 20 days, total number of yeasts significantly decreased at 2% acetic acid compared with
deionized water. This study suggested that organic acids could be used to sanitize microbial contaminants from citrus for storage and

transportation.
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Aol A A RS A% QL) tREe 2}
A3 glom, F= AT EE F FEHR auED 9
. AT BolMe AU T AzpEm ol

SFE 7FEAE BARE ST Aok =G PEe
B AEE PYAY SPEFE Axol= o gskn vk

(Kim MS S9} Choi YK 1997). & Hu B 7+ 4%
< %5 Adste AAHAA 71 EA7F Ha 53] 7
< ;ﬂxo%} Jﬂr 3 % H“ﬁ H]-go| =09 Penicillium <

&OIWHyun JW 5 2001). Z+A
)% ]e Aa} ZHAlo] wpoto g g-/d 38} =
ofo] QHFF AHEEo] oy HT SolMe F4 3§
g ool thE WS 71 ®oldFrt st &4
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7} 53 lthLee TH 5 2012).
AE99e] AzEe PSR Fo Are Hu
(pectimelt. T2l sfale] AR HEe AAF) F2,
T}

o3} F= 183l FA(clarification)?] FF-L o]HA vl
T Aol Ant. webA ol2fd 3 F HES A|AS)
7] 9lske] el B3 &2 (pectin-degrading enzyme)”} 2
g] o]-8F 3 SQITh(Nakagawa T & 2002). ZHe] s}t
(softening) A A|ZH Ha|gso] 23 HElo] Rz
Qlste] ARt HEHES E—%HTS‘} Fae M+, FFol,
A% 59 PAEY 154 E o EE3IHKang MJ 5
2000). FEFE 7 F X1L(16°C)°11A1 AstEA
THI, 7oA e WA I4eC)oA Badith whetba
e 9yjo] dA" #s] a4E Enlske rAdEe] &
o] QaL, o]Eo] AolA FAo] et} xi_Q_oﬂ/ﬂ
23t = BAE EHISTH A== A4 A=
Ho| {afEo] o] A3yl WA Ha A= F)
stA Aot weba 7HEe A3t A= EF 4 As)
of Fag Yot

7 7 F AFoy f5dte A Foll &5



I A A o AgfEhgo] el oyt of
Uzl o] mdEe eddt Aoz A% Fujrt do
YiPark WP 5 2004). @A 2F A 342 djii
7t Aol o3k Aoy doll vz AAF= Tk
die 28717 oE e AL ARy ¥Es Fel
FrEstAY L5 88h7 e o]-83kal Jlthk(Park S)
9} Park JY 2000). 3HAIRF o]t A& A Ao] & 7|7t
A& A Fnst 5o FE S dTH A
F BW S FE LA &% g0y 2F F89
of T AT HIBES Alojshs Wo] AEEHaL
RO (Lee WI T 2011), 53] 2& F8&YoE FHES
AHZE 2ol AlaEN oY dAl= 1 A =§ol
ATk TS FGaA EFL IFEEE FAZE A e
Wez F4ol Aska %k olle}t Ag & AHe] BF
B Ae 7 942 g 228 s 2Aag 5 9
THKim SR & 2012). Weha| FAAFE HAsA ST
T e dAF= A% FdyFPo|thPark SI®F Park JY
2000). HZol= AF HAE Fel AFAE s
AHREe] 9 97F F7HE] whet Zeko)l(glycine), gt
2, % A A(essential oil), FFE L F-7]4Korganic
acid) 52 °|-8% BAT A5 Asf| A7 EdsiA 3
3)E 1 JtHKim DH} Hahn YS 2003).

7142 FDA°A GRAS(Generally Recognized As
Safe), & AT AF H/HEE AHH EHo|tHChang
SK & 2010). F714H dAFE AFe Fuj Wxe} ¢
ol AR 7IRbe AFB] AR HHo=m gy ARRH
I o ol e B AFEo]l Y= UTHChang
SK & 2010). & ZAHKacetic acid), TI4K(citric acid),
e8] AiKlactic acid) 59 f714H] &9t 2 Ao=®
BuEtHKang SN 5 2002). 24+ Escherichia coli,
Yersinia enterocolitica, Listeria monocytogenes 18|13l
Salmonella  Typhimurium®| ™ A 288 Yepda,
TN FE AR HUEE 9, 3 F BAlA
Clostridium %< ZFAaAZTH ALk 28 7H334 &
SAelA A mAdEY F4 AT oivet T&
Atz Aol 2ol 4 YAl T A3 +
Azo] Aol ol& ThsAde FlsiiAthPark JH &
2002). T3+ 3 F 3] 2AKpropionic acid)> =Ho|9 &
2ol ik A A AFRE VA= AoE BiuEHAY
(Razavi-Rohani SM3} Griffiths MW 1999). 7148 2%
EHE| pHE Yol mAEo] A3l o 4
2o EHN nAE HAE A, AHEATE &8-S St
o7l FrI1ak AA e R AsizEe] HalA
Ftdo] U& Asdtty RiErHKim DH?} Hahn
YS 2003).

o ¥4 WstE 2H3ta dSF3t=d

Al E ] et el 2] A 31 Al 15 (2015)

m27] wjgZe] o #Ag AF7F wFE A o]tHan
GH®} Kim BY 2001). webA] 2 AFoA= gl 24
Hol WAToA HAshs B FASHA ARd

& I ARE 2RI, olF AT F e W

Zazk st ol & st kA mA=el iRk

o o3

o] AFd F714He ol g3td o, #5 ApAld] g
A gyl Beld avE 7Ey JHe oy gW 9 &
% ]

Ao QA9HOR 0PN Fo| A B3k TT F7
4 AT F AR F I B} A% AR 52 FARTA

(P ERETIETE

1. A& &H|

B g A8 fgEe g AW 2T
(Satsuma mandarin) 2.2 AFAIY vlESA Fd T 4°C
oA BARASIHA Aol AHEAth 72 99 9
ol =718 AAs] st 4P A F/(Clean bench,
BF-120BSC, Biofree, Seoul, Korea)ol] ¥l ALo]x U
AR AzEAT S A 4 APl AR [l
& Z4Hacetic acid; Sigma, Germany), 714HKCcitric acid),
A Hmalic acid), Zl4Klactic acid), 18] Z 23|24}
(propionic acid; Sigma-Aldrich, St. Louis, MO, USA)°]H,
H SF9(deionized water)S ©]-&3te] A FEE 3
A% 3 Ao AT BE A8 4e(15~25°0)
oA Y353

B 29| E2| ¥ i
E uATAA 2 Y 5
Abo] WAsle] Rold rER
RE Ay B 2@ dEe 27 WEES
(Bagfilter-111410, Interscience, Saint Nom, France)°l 2l
0.1% BPW(Buffered Peptone Water)S ¥ & A7)
(Bagmixer-400VW, Interscience, Saint Nom, France)=
A3} stk #4238 9 1 A Ev 1% BPWE 34
% PDA(Potato Dextrose Agar, BD, Franklin Lakes, NJ,
USA) wix|e] =%atal 15°CoA 79 5t wiksiich
ol & JAdE AFPHA X colony FHE 7=
20~50709] colonyE FoNA HEAS Hol= 6715 A9
3 & RS 915te] PDA iAo At wjFstT)
ke &% colony= PCR(Polymerase Chain Reaction)
WHO 2 ITS(Internal Transcribed Spacer) regions -2
FE9 & O A7IFE BA4S B3H % (identification)
3t TE Colony PCR W2 o 2ok ©Y 8%
colonyE 1 toothpick A3 3+ primer set(ZZ+ 10 pmol <]
forward®} reverse primer), S5, 1213l PCR-premix



(iNtRON Biotechnology, Sungnam, Korea)?} 233t}
ax9o] ITS regions FAA FZF ALEH primer set->
forward primer?] ITS1F(5'-CTTGGTCATTTAGAGGAA-
GTAA-3")¢} reverse primerQ! ITS4R(5'-TCCTCCGCTTAT-
TGATATGC- 3')°]™ PCR 712 o3 Zth 94°Ce]
A 2023t W43, 55°Coll A 2023t FrAAt ZAj, 72°CellA
18 3027 2Z 348 30 cycle AT T2 72°C00 A

5% BHE 3 FESIATE 671 colony= Sanger sequencing

< ol&st I FHA 7] AES BT v &
B9l ITS region 32 B714 €2 GenBank database
(National Center for Biotechnology Information)E &3}
71 RuE &% ITS region F7|AEH 454
(similarity)2 B]23FA T 971 B4 2 o] & 671
g ARE O oY UIAE AolE THAlE 3F
79l strain® 2 #FL F JUTh ©] 3FY AERE 7
Z} YM broth(BD, Franklin Lakes, NJ, USA)ol ujj 3k
% 10,000 rpmell Al 1043k ‘ﬂ*‘ gl stk 47 3
H #AE 0.1% BPWE AdE & sz gsie] A
4E 10'~108 CFUmMLE 243 &% &N (mixture)S
THEQTE &5 SR 4oColA YARFASHA 3Y
ojjel] Aol AE3tSTh

T
B

3. 2 Aol cist F7|4Ae] M Xl Sat

R A Agg A HE FEIF 0.5%,
1%, 3%, 5%, 183l 7.5%7} S == stk &5 &
300 pLol ZF A3 xR v B32E 5o f7)4F
300 uLE S8t HF 58 9E 3 & 4o o
AeoA 187E WA AT ©o]F 2u) H=% DEB(D/E
Neutralizing Broth, BD, Franklin Lakes, NJ, USA)E 600
pL ¥ol(E & A= ¥ 5 1X) S FEAAT 9%
e (.1% BPWE AA 3]X3te] PDAHIAY] = &
15°Col| A 72A17E o3 sttt vk & AEE AFH
?l EX colonyE AlF3lAth &% A4 log CFU/ML
2 Yehgith

Z2 2mo HEst 20| st f71Me M=
1o ﬂf
7 9HE 3x3 eme ZVE AE F EE’_ s 3}l
100 pLE 25~30§]§ U0] spottingt] &2
Fatdol A 2AF B9t Axste] AR ZU?J
o7 W & RAFHEE T HIH 4 94“
Zyzre] {714t 3 100 mL7} @70 vjA 18 &
AAA ALY, gxzTo2E f7I4t 349 tjal S/
AHgEFA T ZH2t ;‘qag NEE dF I2RE gy
30 mLe] DEBE Y& % 283t #33 stk #+23
H ASEE 0.1% BPWE 437 3]43te] PDAHIA|o| =

l_,

HhAEl 7HE R e B G tat f)4ke] Al Asl anp 3

e 3 15°Col A 72A1ZF o) wiFste] Attt
&% A4 log CFU/piece(AE3S 93] 2ZhHZ YE}
Ao

2 3] QuE 3x3 cm9 IAV|E

AE F AW g;ou 100 uLE ZA HEo| HEstol
AzHGT. ol F AL 9o o AR FY
3o,
6. M olmol FES S0l hEt RIIAe| Mg
x5 Zat

2 7ol A8 9 dvng o BRH

W e AAE o ARsin. Ade gE
Fx3 AR EFEo AY EZo|th HA 4IE 3x3
em@ T2 Zeb 7o) fi3k Ady U yhHo g
Ttk

g Qe 2" ERE #
3 4 CQ]' 16°CAA 22y ARstHA A5 A3
I =& ARE RIS 4°C= Yut

% COH 16°C— Z % o BAAE 30

st A7) AR 2=olth

TE2A HEF F T
2 l{ OML% 745‘.0}9%1:} fr71ake 919 Aol
/\1 *ﬂwr Al &7t gRlE 2% =4 —% AHg3tATh o
ZTOEE FHTE AMESI 22 e =E AsA
ot 2% Z4F FEYf 17+ HA & vmw vl &£7]
Tk AA = g Y EehE 874 Ya FA4E €
3 Z}7ko]l Lo 209 Bk AATIHA 0Y, 3Y, 5Y,
10, 159, 28]ar 20¢9 xR &ES= A58 AT
StATH &% Age AZd A=) 9y HAEs 278
AYE 22 & =8l & H JEJ—E—%—EOH F3l 60 mL
] DEBZ 7}3F & stomacherZ 287F @23} 3\t o
A3l °A Ase f9 22 Ho”ﬁ_i I AdrE S
At

1

8. S|

#HEE nE AFAy= SPSS BAEA ZZ 13(SPSS
12.0K for window, SPSS Inc., USA)2] ANOVA(Duncan's
multiple range test) A4S 0|83l HAgkel F2
ZH(p<0.05)E AE3HAT
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i So
a2 HE B2 6719 EX colony= 1 ITS F3AF
d7l AE 4 29 AL &4 J" 135 (cold-active
pectinolytic activity)2 7}<= ZWA & X (psychrophilic
yeast)?l Cystofilobasidium capitatum®} 99% ©|’d2] “&&
AE 7= AR FRAHUTHNakagawa T 5 2002).
w28 67l T 37 BEEIF AP ARSE A= P8 E
2 &3 F(species)©] ZolE @7IAFo] ThEH strain
G2 ER7F Hed, 449 straine 242 AlTEF
4, Az, 181 38k 545 7HIth wEka 370
AX straing Eddte] A3 AHESHATH
TEE 2% O FRY e 2R £
3 & 1 A3 adE 213 A= Table 19 2T

Y 1%, 3%, 5%olX+= HES(detection limi)Q! 1
log CFUML ©J3t2 Za3tth L2324k 0.5%9}
1% 2] Al 7L AF57F 22 oF 0.4 log®t 2.8 log A=
fFrojH oz At 3% o] FEAAE AETH
olgtR ZrasATE FAMT HARE 1% o] F=Eo|
A R AT FoFd ZAAE Yoy, %71
A F% F7H) wE A5 As) 2yt ERI=A sk
ok AFRE 3%FE oAl A s VYERISITH
BE f71eA FEHOR 75%] FEFHE AR A
T7t A=A oletE stk AR Aol g
F714ke] At A e Zibe] AuiFom be w5
oA A EATF Holwta, thgor ZeI4RE &
T AU 24 ZLE F=80S 307 Aelet] ThE 2
FHaRe] A& A aARE Rt AFtollA 24+ 3%
NMe &R AH57 HEIA olslE PasIA T, 2
ke @R FH0 wet 5%olA AEIA otz a4

< gRlgtd f71AF Sl WE AR AS A adfol
zto]7F Y-S B THKim JS 5 2007). o]& ZAko)
ZAET R0 Ayt a3t sttt B AT A
oF FAES & F Atk {714 mdE] tiE A
] + 3R} FFo| K= Ao thate]
At B AFoNA f7I4ke] At e AL
714k FR/e It Aol wet xpol7t A

BIsth Aes5S FUsks Staphylococcus aureus
of aire ZEu4ke] A3 axrt 7Hd FEHA
A Jepgow, e wus a3 BRYth Listeria
monocytogenest= A4}, LRI 4L T8]al FALE Foll 9
&l I Ago] A ASFEUSM, Salmonella typhimurium
S Z4bol tsle] ASA WHSSFA Y. Escherichia coli
O157:HT= &4t} Z2ajelbe] oste] F2o] 9A|H
Ao}, 2k tisiAe W7ol REUTHAMn YS$}
Shin DH 1999). fr714ke] wAd= AbE B3+ 3g= A
B2 FHE AE ol o]Fg frlite] o] 23EHA
Alxzete] BEReE HIAA 71E olFS WaliskAY Al
3Z Wl pH ¥3}, 840 &4 A3 &8 & Tt TA
THAhn YS¢}F Shin DH 1999). H=3F 28 mjAlEolglx
714 /el w2t 23 24 Yehds olf+=
714 Rt A2 W= o]sshes A= 2oz} 7]
o2l Aoz FAFETHYoung KM} Foegeding PM
1993).
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. 8 & Ag AlgelA
= 27 HE #5209 9F 1.3 log CFU/piece 743195
< FRIEFE, ole T/ AAY AR 4t a3t
obd whzel] oJg =E]d AR FAAETHPark EJ 5
2008; Park SI 5 2014). 24t} Z 23] 24He 2% E

Table 1, Log reduction of the yeasts by five organic acids at various concentrations

Inoculum 0.5% 3.0% 5.0% 7.5%

log CFU/mL
Acetic acid 7.14+0.09" 6.45+0.20 N.D.? N.D. N.D. N.D.
Propionic acid 7.14£0.09¢ 6.69+0.12" 4.25£0.05" N.D. N.D. N.D.
Citric acid 7.14+0.09" 6.34+0.18" 6.68+0.05" 6.52+0.13" 6.36+0.19" N.D.
Malic acid 7.14+0.09° 6.86+0.18" 6.82+0.06" 6.41£0.19" 6.29+0.30° N.D.
Lactic acid 7.14+0.09° 6.09+0.41% 6.36£0.06" 6.55+0.19° 6.41£0.12° N.D.

UN.D.: Not Detected (detection limit: 1 log CFU/mL).

Means+SD
3)a-d

Al E ] et el 2] A 31 Al 15 (2015)

Different small letters within the same row indicate significant differences between the concentrations (p<0.05).



Table 2, Log reduction of the yeasts by five organic acids at various concentrations of on the surfaces of citrus

Inoculum Deionized Water 1.0% 2.0% 3.0% 4.0% 5.0%
log CFU/piece

Acetic acid 8.58+0.31¢" 7.28+0.48° 7.01+0.33¢Y 5.73+0.81 4.74+0.63" 4.45£0.06" N.D.?
Propionic acid 8.58+0.31¢ 7.28+0.48° 7.37+0.32° 5.35+0.42 5.30+0.42° 5.23+0.21° 3.24+0.58"
Citric acid 8.58+0.31° 7.28+0.48° 7.13+0.31° 2 - - 7.17+0.41°
Malic acid 8.58+0.31 7.28+0.48" 7.03+0.23" - - - 7.02+0.31°
Lactic acid 8.58+0.31 7.28+0.48" 7.45+0.08° - - - 7.08+0.68"

YMeans+SD

IN.D.: Not Detected (detection limit: 3 log CFU).

)_: Not experiment.
4)a-c

o Hl A A AIE HYom, 24k 5%olA F
Z3A(3 log CFU) olstz2 skt 18y a4k
AR, TE]3 B4R 5% FEAAE fFoH A
HAaE AT 4 QUth &5 A AA oigk Ay
Aol npxiAE ZHE 93] ®He] gk {74 &
B A Asjas A 24ko] 7Pt $-stal, olojA] =
29 24H1E glsidth H2 S0 WsHALdd tig
87} F7kstAA ERdeet B 183 oY E 5
$ Wsstr] Mol 394 vAES 8H R AASIA
ojxketE A, FutEAKfumaric acid), 18] TS
A A Z o] &3t thPark ST & 2014). F7]4F =842
0.1%= AzSFAL 7)o YL 202 T IAT 2
I putEAk AL Al FH Y OubAl I (&
Bolel &%) 5 2+ ¢F 1 loge} 0.5 log CFU/piece %+
2N 7= BAE YERHOH, o]= 50 ppm ©|4FSFE A
o} Ak et Y-S SIS TE =S o]4bsld Ae}
fr71cke B8 AMYS ol 1 a3 o A et
AN Al HZ 2H7F FoiE L Jom, MF $ vt
2 AAstAY AHE JHE Aol AujEnh AR
Aol A4 FAE 1% TEAO = ks 57 &<t
A2]3+ A3} 2 log CFU/piece?] PIAYE A4S A5
o, frlsbel dEreS W8 AYsiEe W I Zdpt
ZES #2135l tHCho SK&F Park JH 2012). 7AYol
LA S yphimurium, S. aureus, 1¥3L Bacillus cereus
E AA] et HajaksteE SulE 0.5~2%9 24F

Different small letters within the same row indicate significant differences between the concentrations (p<0.05).

FEAE THEo] I AEAE RIS Ay, Ziboly
Asstely BEoF e wrtt ¥E AYPL o
I &3 3 RIS tHKim SR 5 2012). ¥ A

o
FolAE f714F Sge] AL 187 Ao} 1 4
FEINE HASA7] B FA A F7HAI7EA
AN FEE ZRATIAL, e FEPET 3§ A
5 5o 482 Bk 1 ERE ZOHAL + 3

. d2 EXol ¥Eet 220 gt 7RIl 45

o oo AN HE AFS Bi
953 Aow fely 247 zay

AR SRTE AFHYES @l oF 1.2 log CFU/piece
Azl 93 7AE gdsigorn, f7ik 89
2% F= oldelA HEstAE wW foldd HAE e
stATh 24k 2%9F 3%E AEPS o 2 099 0.6
log CFU/piece®] AT, Z2I]24E 2%9} 3%90A 2+
7} 0.5%} 0.6 log CFU/piece®] 74~E YERo] £ajef A
Z3s we} vuds W 1 A aHrt 2A BUSE

Table 3, Log reduction of the yeasts by acetic acid and propionic acid on the stem ends of citrus

Inoculum Deionized Water 1% 2% 3%
log CFU/piece
Acetic acid 8.29+0.28°" 7.08+0.12°? 7.3140.02° 6.32+0.12° 6.34+0.20°
Propionic acid 8.29+0.28° 7.08+0.12° 7.37+0.16" 6.60+0.13° 6.46+0.08"

YMeans+SD

2)a-c

Different letters within the same row indicate significant differences (p<0.05).
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Ittt o= oA AF3 viel o] f)uof Hla}
of FAFFo] o EFAZ FERE /AL 7] WES
2 AT vt O 2k Feph ASA ot
Aol ool wEthHan GHS} Kim BY 2001). L&
U g B2 Fio] ojxd B3R 725 7MY WE
of MAES YR oEE FoE FHHY, 240 H
At stog= B AT AAHE B2 AHstke A
ot 9A R B AAV 7 Aoz

r o

Ho

. A 2ujol|l EES 20 gt R M

Ao AHES e ¥W TR OE AAS Y
o2 axol uig {74ty AwaEAE 1S T Table
< 3%} S%E THEAA A sk o,
I A% 2% §o35<Q gaaAE et 28y
I 2ol ATE 3%°1A4 0.6 log CFU/ML, 5%°14 0.8
log CFU/pieces UEIo] ZHg 9]9]¢} nlugls o &%
A& a7} vuEth AHE e LAAE o] &t
AFFTOE O FW FF AEH QA 3 AR
ojr, B Ao AMES e SF-2ollA e =Sl
ol =2 Ajul R FHo] vyt weii B
Aol AHS T Boh Ho| oy P2t 2w U &
& Ao AZE A, ol 74t AR AS A &
I Zpolo A= &I 4 AT wEbA e AR
I EAE O FF A g2 wel AlF A 28
w2 gajo] xpolr} 9IS Ao ke, olof thik A
TE o8 Fasjojof & Ao ATHT

a
HE R 2% 24 FEALS o] 83l aRE oHH
S AL 4°ce} 16°Co A2 olA A=
B I A Ao A&dE glste 1 H3E Fig |
o Yefliith. &5 HEZFS 8.5 log CFU/piece oM,
ZHol 18 HA 3 7.56 log CFU/piece =, 1% 24t &
g 18 A & 7.03 log CFU/pieceZ 743} T ©]
T AR ZESE AR AT A 3Y & e

10

log CFU/mL

o DWat4C

2 ® DWat 16%C
- 2% acetic acid at 4°C

—=— 2% acetic acid at 16°C

0 5 10 15 20
Storage time (day)

Fig. 1. Total viable counts of yeasts on the surfaces of citrus
after the treatment of 2.0% acetic acid during storage at 4°C
and 16°C for 20 days

e, F7S 28 AEE 6.83(4°0)} 6.66(16°C) log
CFU/piece, 4+ 28] Al&EE 6.10(4°C)2} 6.43(16°C) log
CFU/piece® 217t 7HA38QTh o] % SYRE & /7T A
2] AlgolA ofFte] At FVHE Koyt 20¥9] A
71 U 1 e AT 2% 24 AP AR
= 16°CollA AR3tA-S wf SYFE 2097HA] Aol
2 WSt dAEEA] LAAIRE, 4°Co A AT Alse] H
< A% 104 Al 5.51 log CFU/piece® gt o] F7}t
Ak 2= mE FFE 4°C7t 16°CRT BT 7
28] Fo| AA YehsEt), ole 3 AR HH A
& 257} 15°C0)7] w2l 4°collA 4 a3t o o
Bhd Zlo s dddEn. d2u & ATl AHSE ERe
15°Col A 2~3d wiFelA e o] gRld A== S
o] &H3ANE Z24F A7 & 16°CoAA AAst= W F
e F2o] FRIFA FUE AL Z24F A= pHYF B
A FAE FHY 37 wEd Ao AT 1%
2H 1% FAAC R FHEoRl &l FFFE 1R

=

do e P

Table 4, Log reduction of the yeasts by acetic acid on the surfaces of Cheonggyeon

Inoculum

Deionized Water 3.0% 5.0%

log CFU/piece

Acetic acid 8.37+0.09°"

7.2240.06"

6.610.14 6.42+0.06"

YMeans+SD with different letters indicate significant differences (p<0.05).

2)a-b

Al E ] et el 2] A 31 Al 15 (2015)

Different letters within the same row indicate significant differences (p<0.05).
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