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Antimicrobial Effects of Organic Acids and Ethanol on
Several Foodborne Microorganisms

Yong-Seon Ahn and Dong-Hwa Shin :
Faculty of Biotechnology (Food Science & Technology), Chonbuk National University

Abstract

The antimicrobial effects of ethanol and organic acids(acetic, citric, lactic, propionic, tartaric acid), either
alone or in combination against four foodborne microorganisms (Listeria monocytogenes, Salimonella typh-
imurium, Staphylococcus aureus and FEscherichia coli O157:H7) in tryptic soy broth were determined. Area
under the growth curve, minimum generation time, maximum growth rate, and detection time were measured
by using automated turbidometer Bioscreen(Labsystem, Finland), for 24 hr at 30°C. All microorganisms were
not grown at 7% ethanol in the media. The 0.1% propionic acid showed the strongest inhibitory effects
against S. aureus, L. monocytogenes and E. coli O157 : H7 compared with other organic acids, whereas
0.01% organic acids did not show significant inhibitory effect against microorganisms tested (p > (.01) except
S. aureus. The combination of 1% ethanol and 0.01% organic acids were significantly more effective than
alone on growth of §. aureus and L. monocytogenes(p < 0.01).
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el &7 FAulAEe] A Aol gk &AL,
i ZeygAke] A $EHE 9 7]
Fo= B o, 2Abe] o] AMaidle vehgon, ut
Well BlafeEate] Fxof A Aoz Hrislr
v, & rlees BYHAE dy TodAke] Fale] A
#edE Mo Zagd

E AgoMe 24 FAAL AL ZeAE F
Mt olebg-g 95 = ERAMEE S aureus,
S. typhimurium, E. coli O157:H1, L. monocytogenes
T &7 AFE vl g ARAAl 54 ol
g 2 {7 HAadAlTEE 2l &Y
9] FAAHE ZAbeis

Hz 3 Uy

AT

£ Ayl ALL" FF= Listeria. monocytogenes
ATCC 19113, Staphylococcus aureus KCCM 11335,
Salmonella typhimurium KCTC 1025 R Escherichia
coli O157:H7 ATCC 438882 AH&-3wt.

2| HHF

FAFFE tryptic soy agar(TSA, Difcoyd] Althulef
F o7& tryptic soy broth(TSB, Difco) 10 mLel] 1Y
Fol HEshd 30°Col A 12417 Z1Ee]oF(100 rpm)t
F o] T ey 0.1 mLE HA ME-F- HAulA|(TSB)
10 mLoll AE3FaL 1282} AeelSFAIA S typhimurium
¢} S aureus¥™ 10'CFU/mL, L. monocytogenesSt E.
coli 0157 : HTZ 10°CFU/mLe] H|Z #Ell-S Agint.

Al

Be 19

Ab, FdAl, Z23)2AF2 Yakuri Pure Chemicals
Co., LTD(Japan), F*At2 Deajung Chemical &
Metals Co., LTD(Korea), %At Hayashi Pure Che-
micals Industries LTD(Japan), o &F&-2 Duksan Pure
Chemical Co., LTD(Korea)rlol| A Fsldel. 2.5 #
714k} ofjebed Y3le Fxo WA 33 SRR §
A& ¥ 02pm membrane filter(Whatmann)2 |
o 3lod ARE-E}SI Tt

B3d 55

z}7}e] f7)Ab oeb-&-& A TSBAHAl 10mL
of H7teted H714ke HE 3 T7) 0.1%, 0.05%,
0.01%(wiv), k&S 1, 2, 3, 5, TR(viv)E XE F
o, wickdl 2 #5 0.1 mLE Fsted S ryphimurium

2} S, aureus= 10°CFU/mL, L. monocytogenes®}t E.
coli O157:H7 10CFU/ML7} %% slgx, %
T A4 A dA AbEE ARRE AME-s)
Heom FFEA H7HA pHE| wERE A5l
Automated turbidometer, Bioscreen analysing system
(Labsysterm, Pulttitie 9-11, Helsinki, Finland)®] 2}z
o welle]l FHl¥ AR 03ml¥E 5 F F4=
600 nm, ¥HSF2 = 30°CE AAg F nf 24|zl 24
A1ZFget &4 349] 2 Bioscreen analysing systemel]
olsiM FAE vAE S HAH(AREA 3
4 AAE(MGRyS E5Tol vls] 7h4d k2 34
s B4R EA YT, minimunt generation time
(MGT)#} detection time(DTy FFoll uls) Z7}3t
& FA Ae Eaz AP

SAEA

2E AYLE 53 AL, 714 olekge] A
g B folA HAL SASTRIYE o483l &
AHEA (ANOVAYE AAIEE Foll frelie] Sl A%
o =0.0153°) 4 Duncan's multiple range testo] 2|3}

o 2e|Tzhd Az fFeAE ARk
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T 7AFelsnt ubded f71ARE A7 MElTe ®
F7ol uls] pH7F Weldon, 50} 84S pHrt

Table 1. Change in pH of TSB adjusted with selected
organic acids either alone or combined with ethanol

Treatments”  pH? Treatment pH

Contro) 7.481+0.02 0.05% AA 6.67+£0.03
1% EtOH  7.49£0.02 0.05% CA 6.82£0.05
2% EtOH  7.5010.02 0.05% LA 7.05£0.04
3% EtOH  7.51£0.02 0.05% PA 6.90£0.07
0.01% AA 7324002 0.05% TA 6.921£0.02

001% CA 735+0.02 1%EtOH + 0.01%AA 7.38+£0.02
0.01% LA 740+0.02 1%EtOH + 0.01%CA 7.4010.02
0.01%PA  7.36%+0.02 1%EOH+0.01%LA 7.46+%0.02
0.01%TA 7.3710.02 1%EtOH +0.01%PA 7.40+0.01

1%EtOH + 0.01%TA 7.41+0.01

YEtOH(ethanol), AA(acetic acid), CA(citric acid), LA
(lactic acid), PA(propionic acid). TA(tartaric acid).
“Mean * standard deviation of 5 measurements.
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Fig. 1. Inhibitory effects of ethanol against foodborne
microorganisms for 24 hr at 30°C,
EO : Escherichia coli 0157 : H7, LM Listeria monocy-
togenes, SA : Staphylococcus aureus, ST : Salmonella typhi-
nmurivm
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Fig. 2. Inhibitory effects of organic acids against Staphy-
lococcus aureus KCCM 11335 for 24 hr at 30°C.

M SA.B : control, [] AA : acetic acid 0.1%, & CA : citric
acid 0.1%, A LA : lactic acid 0.1%, @ PA : propionic acid
0.1%, O TA : tartaric acid 0.1%
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Fig. 3. Inhibitory effects of organic acids against Salmo-
nella typhimurium KCTC 1025 for 24 hr at 30°C.

B STB : conwrol, [J AA : acetic acid ().1%, & CA : citric
acid 0.1%, A LA : lactic acid 0.1%, @ PA : propionic acid
0.1%, O TA : tartaric acid 0.1%
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Fig. 4. Inhibitory effects of organic acids against Listeria
monocytogenes ATCC 19113 for 24 hr at 30°C.

B LM.B :control, [] AA : acetic acid 0.1%, & CA : citric
acid 0.1%, A LA : lactic acid 0.1%, @ PA : propionic acid
0.1%, O TA : tartaric acid 0.1%
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Fig. 5. Inhibitory effects of organic acids against Esche-
richia coli O157:H7 ATCC 43888 for 24 hr at 30°C.
MEO.B : control, [1AA : acetic acid 0.1%, @PA : propionic
acid 0.1%, O TA : tartaric acid 0.1%, & CA : citric acid
0.1%, A LA : lactc acid 0.1%
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Table 2. Inhibitory effects of organic acids and ethanol against Salmonella typhimurium KCTC 11362 for 12 hr at 30°C

Treatments” Inhibitory effects

oarmen® AREA? MGR” MGT" DT
Control 412,060 0.6654* 63.0%¢ 132%
1% EtOH 367.4%¢ 0.5886™ 7184 150
2% EtOH 293.4° 0.4906° 85.0° 203*
0.01% AA 371.8%¢ 0.6480:> 65.6"¢ 144
0.01% CA 412.0° 0.6654¢ 63.0™ 144
0.01% LA 411.6° 0.6276"4 63.2> 144
0.01% PA 412.0° 00,6634 63.6™ 144*
0.01% TA 404.2% 0.6654* 63.0% 138°
0.05% AA 306.6° 0.5347% 78.6" 162*
0.05% CA 377.2%® 0.6654° 63.0%¢ 144%®
0.05% LA 341,85 0.6162:4 67.6"4 144
0.05% PA 33180 0.5072¢ 82.4ab 168*
0.05% TA 373.6" 0627820 65.624 135°
1% EtOH + 0.01% AA 311.2 0.5858%<¢ 75.6 186®
1% EtOH + 0.01% CA 319.2% 0.6180%4 67.6™ 180®
1% EtOH + 0.01% LA 312.6¢ 0.5620 76.0%¢ 180*
1% EtOH + 0.01% PA 318.4* (1.5656" 75,4 180®
1% EtOH + 0.01% TA 324.6%% 0.5620™4 74.6*4 180
F-value 12.79%49 3.33% 2.95%* 2.28*

"See footnote of Table 1.

“The area under the growth curve during 12 hr at absorbance 600 nm.

IMaximum growth rate(l/hr) at absorbance 600 nm.
“Minimum generation time(min) at absorbance 600 nm.

SDetection time(min) at O.D. value 0.2 at absorbance 600 nm.

8Same superscript in same column are not significantly different by Duncan’s multiple comparison at p<0.01.

"Means of 5 measurements,
8'*p<0.0], **p<0.001 and ***p<0.0001 in ANOVA test.
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2 24 Aabelgloal Eugt} Tuble 40iA B
0.05% E23)eAlellA] AlsA] F4] #s] 8 wWgten],
zzu2Ale] i) mIzksl Ao Jehdd, 53
001% =232 DT08 AR 7S] MGT:
127%, DTE= 779%3% @Ase] 001% Z2u2Ak3}
1% N=t&g FAl A28 A$MGT 81%, DT
48%)Eche AEg 34 A Eart olole). ovkg
2 AdHez mazajeale] BAE AEAT)E A2
2 Jehdisdl, o] Tamblyn $'92 ojm 7o) <)
oA 29 ofletgR} f7)ARE FAlel AFEA] AR
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F000] Bugk W4as Ahikel s Jelch ®
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Table 3. Inhibitory effects of organic acids and ethanol against Listeria monocytogenes ATCC 19113 for 12 hr at 30°C

Treatments'’ Inhibitory effects

AREA? MGR” MGT? DT?
Control 235.26*" 03726™ 118.2f 324°
1% EtOH 188.8%¢ 02754 160.42> 372
2% EtOH 129.8° 0.2290* 194.0° 450°
0.01% AA 218.6™ 0.3848" 1182f 336>
0.01% CA 210.4% 0.3332% 125.2¢ 3423
0.01% LA 219.6™ 0.3316™ 1254 324°
0.01% PA 2222 03126 134.2%f 330"
0.01% TA 237.0° 0.4436* 1182f 324°
0.05% AA 195.6° 0.3032%* 139.0%f 324°
0.05% CA 230.07 03642 118.2f 324
0.05% LA 208.2%" 03762"™ 1182 324°
0.05% PA 164.6% 0.2628“ 154.0%%¢ 384
0.05% TA 226.4°F ().32280 142,67 382
1% EtOH + 0.01% AA 175.0% 0.2334* 178.24¢ 408**
1% EtOH + 0.01% CA 170.6°* 0.2136° 195.0° 402
1% EtOH + 0.01% LA 158.2% 0.2078° 201.4* 420°
1% EtOH + 0.01% PA 163.8% .2228" 186.4" 402%
1% EtOH + 0.01% TA 166.6* 0.2216" 187.8*" 390°
F-value 6.93x+x8 R o 10.09*** 2.944*

USee footnote of Table 1.
®8See footnote of Table 2.

Table 4. Inhibitory effects of organic acids and ethanol against Staphylococcus aureus KCCM 11335 for 12 hr at 30°C

Treatments" Inhibitory effects

i AREA? MGR? MGTY DT
Control 388.66"" 0.5866" 71.2° 162°
1% EtOH 337.8%¢ 0.4430b< 940 180°
2% EtOH 267.6% 0.3884°% 108.0°% 222
0.01% AA 345.6™ 0.5092* 82.4% 180"
0.01% CA 33323 0.4584>< 93 6¢% 192"
0.01% LA 310.2%¢ 0.4208"<f 102.0°% 192
0.01% PA 220.2° 0.2768'%" 161.8° 288°
0.01% TA 358.6" 0.5072* 81.8% 180°
0.05% AA 231.4 0.2628" 158.8° 306"
0.05% CA 323.6%¢ 0.4288™% 98.6° 198°
0.05% LA 33844 0.4650%¢ 90.6° 186°
0.05% PA 69.6 0.1566' 2704 648"
0.05% TA 355.8° 0.4858" 86.4% 180°
1% EtOH + 0.01% AA 316.8¢ 0.3840°%" 109,64 204°
1% EtOH + 0.01% CA 309.45¢ 0.3602" 115.8% 204°
1% EtOH + 0.01% LA 317.0¢ 0.36624 1144+ 198°
1% EtOH + 0.01% PA 280.4° 0.32328 129.0% 240°
1% EtOH + 0.01% TA 333, 0.3856° 108.6°% 210°
F-value 20,1644 18.32kx 26.4 %% 7.12%%x

YSee footnote of Table 1.
¥¥See footnote of Table 2.

& E coli O157:H7E 0.05% 74 *2]A] AREA
oA Aut Fale] A3 Fom ZEI2Al Hel= 24}
o] ] A& A7 U 0.05% FHAE 0.01% =
Ak, AL, "HAF, ZRU)2A} FHARL FFETe f
227 9d2lem (p>0.01), 1% oleh&a 0.01% H7)At

£ EAle AR Al 005% #U1AME Wt

Z4 A& S Jepicl dubde = E coli 0157
THTZ AM 23Sl 7R e 23 v o
2z glomjese AlEe| o9l & AMAs] 48
A ZAE FAAE 9 HARS A3 Aa) B e] A
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Table 5. Inhibitory effects of organic acids and ethanol against Escherichia coli O157:H7 ATCC 43888 for 12 hr at 30°C

Treatments" Inhibitory effects
reat S

AREA? MGRY MGT® DTY
Control 3616°" 0.5804 72.0 138
1% EtOH 288.6¢ 0.4628 90.2 168
2% EtOH 237.8° 04210 100.6 192
0.01% AA 356.2" 0.5486 76.0 144
0.01% CA 358.2% 0.5396 79.6 144
0.01% LA 360.2 0.5398 81.4 144
0.01% PA 360.0° 0.4958 93.2 150
0.01% TA 370.6" 0.5984 704 144
0.05% AA 252.6° 04510 103.4 174
0.05% CA 309.4 0.5468 789 156
0.05% LA 323.2% 0.5360 79.2 144
0.05% PA 290.4¢ 04716 97.2 162
0.05% TA 340.2%¢ 0.5302 79.6 142
19 EtOH + 0.01% AA 317.8¢ 0.5010 86.4 180
1% EtOH + 0.01% CA 305.8 04602 94.0 186
1% EtOH + 0.01% LA 318.4« 04656 94.6 180
1% EtOH + 0.01% PA 315.0¢ 04562 96.8 186
1% EtOH + 0.01% TA 3142 0.4462 94.4 186
F-value 16.63+*+8 1.27 0.91 2.10

YSee footnote of Table 1.
?¥See footnote of Table 2.
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