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ABSTRACT - The purpose of this study is to evaluate antimicrobial effects of organic acid and some natural
occurring antimicrobials against Staphylococcus aureus isolated from various origins (vegetables, peanut, pea leaf,
kim- bab, person, perilla leaf, and animal) and to calculate their MIC and MBC values. Five organic acids (acetic,
lactic, citric, malic, and propionic acid), three essential oils (carvacrol, thymol, and eugenol), and two other natural
antimicrobials (nisin and cinnamic acid) were evaluated for their antimicrobial effects against 113 strains of S. aureus
using combination treatments. Propionic acid (7%), nisin (1%), thymol (1%), carvacrol (1%) showed antimicrobial
activities against S. aureus strains in agar disc diffusion test. And, carvacrol, thymol, and nisin were found to be the
most effective with the lowest MIC values of 0.0313%, 0.0625%, and 0.0625% against S.aureus, respectively. Propi-
onic acid (0.2313%) and citric acid (0.6000%) were the most effective among organic acids tested. Therefore, these
five antimicrobials were selected for next combination treatments. Combination of propionic acid and citric acid were
showed the strongest inhibitory effectiveness against S. aureus among combination treatments. These results suggest
that organic acid such as propionic and citric acid, and natural occurring antimicrobial such as nisin, carvacrol, and
thymol might be possibly used as preservatives for inhibiting S. aureus in foods.

Key wards: Stapylococcus aureus, Essential oil, Antimicrobial

N2

FHZ AA B mE AS5FEe] PR Y b
Hol| vl 3 o2 W SA X E 2H|F7t wet 2F
o] F7kshs FAloIt. AAZ fEjuete] AEsE 2
SAlel mEW oo A&tz <l 5 d HHch A
7t 2,58 S7FEIA AL, BATE 20% S7FSHAT. 53,

FAAY B BelEe Awel 9484 A%

*Correspondence to: Sun-Young Lee, Department of Food Science
and Technology, Chung-Ang University, 72-1 Nae-ri, Daedeok-
myeon, Anseong-si, Gyeonggi-do 456-756, Korea

Tel: 82-31-670-4587, Fax: 82-31-676-8741

E-mail: nina6026@cau.ac.kr

449

7708 AR F 200N AEE o] HAEHNeH, o

QTS B2 = S A (Stapylococcus aureus)? Bacillus
cereus’t AZEATH. mepr] HZ AFHS op|g F
Ae HLA A ES Aloste =gl FaA HIL Ut
AeE T8 AAH XA HFS Al FE9
5 ol9ol shsA

A)
a

AC)

AgeE dengh. oo wet AF
FAEAGTFAS Afs] flste] oY FTF
 HERE AR 455 NES Solde +
Alolth. 3 BEREE AMER7F oS 2oy

= hal



450 Bo-Ram Kim, Jin-Hee Yoo, Kyu-Seok Jung, Sung gi Heu, and Sun-Young Lee

Al
=3 7182, f714k, 2 E9] A f-(essential oil) E W]AY
of| A -2l nisin, e-polylysine, natamysin 5°] AT, T}k
¢ HA Fa=E F e fHE FHEES UEE
©] alkaloid¥F, flavonoid¥, terpenoid¥, phenolic compound
F, quinoneR H LA YU T o|xhAMIEC] AL
I FEAIER A AP0 A Ee] A oz} AL
AHEQl A f-(essential oil) AES 343} AHaHE 7}
AaL AL, FA7] S9F AAe] e EFAG ddEF
B2A o] g=o] ko' FxlHdH 3
R frIake 24, B4R s AP 5 ooy
F7F don 2Fe] Y5 HAAHow 52
SAEAY AFHORE HItEE A7 AT |
2 HlsfEE £x7} o] 23t HA AIEX W pHE W37
A Alxute] BRGS |BAA 71HolEsE Walsta,
NADH #tstE ool A2 Ag AAd o) ds Fohal &
HA AT, Aol A W A FEolE e
A o] whg|g] @ Al (bacteriocin) A ol FekS
FA L, ZFRAdo] glo] AA AF 59 HAd

u

L
Zpg AL QioHY, ke v oAl F frdsiAl o At

Table 1. Source and origin of Staphylococcus aureus used in this study.

o] 3 7FE Lactococcus lactis®] a5 28 A==
nisin FAFFo] °F 3,500 Dagl FEfo|=A FFEH 02
A HE|=Fetolzke] XS A RISk Bacillus, Clostridium,
Corynebacterium, Stapylococcus, Streptococcus 52 13
Fhael AeS aAHoR A e APBAIRITA &
HA Qom0 wy g A=, T HFE, 2 &
T, AA, ofdllF®, A 2 ok R, YeAE 5o A4
FFE s AR EA AT T #7114, lysozyme,
lauricidin, lactoperoxidase 52| Th2 A <Fe] WA e
of g A= SlsiAl s Fo|op' . et obF 7t
A AA Fatedo] ¥ WAl § deE A sFIE
oz B uf 9 BER W driHow W A
o= Qs d&3tHe A BA &2 Aot

oo H Ao My Ao tig A, 7
2F, nisin 2 2 ¥ro] AAFE S EFO] dFAdS agar
disc diffusion test?} HAA s F=MIC)E SAH3ILL o] &
AL A Al Aol e FsEAE AHEL

A gt

—

nHE R gy

A=

Agar disc diffusion testoll= 1137]1¢] MZE o2 4= &
FEAA FEE S aureuss AHE-3FATH(Table 1). 2H2te]
*FE 5Sml Tryptic Soy Broth (TSB: Difcolaboratory,
Detroit, MI, USA)E ©]-&3to] 37°CollA] 24A17F 5<% Hlf
&3k F Aol AREsHATE AAfE e EE {7
Ahat a2 osre] AAfre dEde] HioAdM R HA

Strains No. Origins Source
R-1, R-2, R-4, R-5", R-9, R-10, R-11 7 Leaf vegetable ~ Rural Development Administration
R-12 1 Peanut Rural Development Administration
E:tll})l,-ﬁ-lll;i-ll-{l- 2: Ej}f_llzlé-’lgl,-;f-?‘fi{l-{ig: E:;(l): E:;” I;ilzi’ H-13, 23 Pea leaf Rural Development Administration
D-1, D-3, D-4, D-5, D-6, D-7, D-8, D-9, D-10", D-12, D-13, D-14,
D-15, D-16, D-17, D-18, D-19, D-20, D-22, D-23, D-24, D-25, 26 Perilla leaf Rural Development Administration
D-26, D-28, D-29, D-30,
E:;g, E:ég, K-15,K-17, K18, K-19, K-20, K-21, K-23, K-24, 12 Kim-bab Kyungwon univ.
S-198, SS-25 2 Person Rural Development Administration
K-1, K-3, K-4, K-5, K-7, K-8, K-9, K-10, K-11, K-12 10 Person Kyungwon
C-1,C-2, C-5, C-6, C-7 5 Person Asan Medical Center
C-30, C-32, C-34, C-35, C-36, C-37 6 Person Korea University Guro Hospital
C-64, C-65, C-66, C-68, C-69, C-80, C-71 7 Person Kyeongbuk univ.
C-76, C-78", C-79, C-80, C-88 5 Person Institute of health
C-93, C-96, C-98, C-99, C-100 5 Person KNOAR
C-50, C-51Y, C-52, C-53 4 Animal Chonbuk National univ.

Selected strains used MIC and combination experiment
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f+714F& acetic acid (Duksan pure chemical, Seoul,
Korea), lactic acid (Kanto Cemical, Tokyo, Japan), malic
acid (Junsei chemical, Tokyo, Japan), citric acid (Sigma,
Steinheim, Germany), propionic acid (Samchun chemical
Co., Seoul, Korea)S AF&-3l . oA £/ 7142
6N NaOHZ 38|XA|1# pH 49 Aoz ARE3ITh 2
ko] zAf 22 carvacrol (Sigma, Steinheim,
German), thymol (Daejung chemicals & Metals, Incheon,
Korea), nisin (Sigma, Steinheim, Germany), eugenol (Wako
pure chemical, Osaka, Japan), cinnamic acid (Junsei chem-
ical, Tokyo, Japan)y2 230l A3} t}. Carvacrol, thymol,
eugenol, cinnamic acid= 95% ethanolZ §-3A1A 1% &
NoZ ARSI nisin 0.02N HCIZ &8)A1A 1% &
Aoz ARGttt 717 AAfre dHEEe] HAA s
T HaPEEE 382 deradrt JERR] @2
lactic acid, cinnamic acidE #| 2|3t 8£9] IA4EEHS Al
goiglon, Adqd G2 BHAe A AaAals
T =42 daHrt =4 YERD propionic acid, citric
acid®} carvacrol, nisin, thymol2 8 MIC (MIC2]| 84 =%
7h HEs vE F 7 ould 348t 2 MIC (MICS] 2w
FEyHA] RRET v -2 &F=4 carvacrolZ} nisin,
carvacrol®} thymol, carvacrol¥} propionic acid, carvacrol3}
citric acid, propionic acid$} citric acid® Zt2te] =2 4

okl H2ANEEE 2P,

Agar disc diffusion test

0.75% Bacto-agar (Difco)S E3}3. & TSBS B
sto] 45°CE 471 5 Zze] wiqd vAEE 0.1 ml HF

Natural Antimicrobials' Activities Against S. aureus 45I

H petri-dishol] EF3FATH A200A agarrt 225
% E+ paper disc (X&5: 6 mm, Toyo Roshi Kaisha,
Ltd., Japan)E agartA] 9o A Hslw z}zte] FH)E &
4232 10pl £ paper discoll 53k 37°CollA] 1847+
St wigatdon wieF ol AAE clear zone® A&

(em) Z43to] FFAe vl

g FwEEe HAMsEE(MIC)e HAAHEFE

(MBC)XA}

A TSB7F 100 W& A= 96-well platee]] TH50]
P &S 100 us ¥ F AR HE AF 4
EollX E2E S awreuss ZH2Fe] AFEA 20 wH
ZFotaL 37°C, 2017 &<t ekt vl R 96-well
plate= 595 nmo|A SFE=E 43I 25 EAAE
A REEEHES wo] SFE7F 049 0.1 ol3lR] HAwE
E 77 Ao H2AFEMIC)S HAAMESE
(MBO)Z A3t}

offt X

=
=

A7 Y 28

Agar disc diffusion test
S. aureuss AFANA fFEE oy FFEHol dig &
48LS H7sl7] 918ke] agar disc diffusion testES A3y 3}
S TH(Table 2). °
zone2| =717} 2.5-3.0 cmZE 7MY =2
™ (Fig. 1) 9] AFAfref &++=4 F carvacrol, nisin,
thymol®] clear zone =717} 1.0-1.5 cm= SA =] 3+ &
7 =4 AFHA ol ® {714 F citric acid®]
clear zone =717} 1.5-2.0 cm% YE} propionic acid Th2
o= 3etdo] A ST olH T FHEHS
2hg-2 gatEdo] Alxur Fof M 7| E4E 4o
ZIAY Alaze] 38S Weligde=z ATP olHA <]
HIS SXA7]5, o] o3t AL 22245 op7| e =M
Asks 02 B QIop?), 7]Eo] BHE g A9
AfolME £ A3t FASE A4 34E HAskal qloh

79 #714t 5 propionic acid= clear
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Table 2. Grouping of 113 Staphylococcus aureus strains by clear zone (cm) as a result of agar diffusion tests of organic acids and other

natural antimicrobials.

Organic acids

Other antimicrobials

Clear zone
size (cm)  Acetic acid Pr(;pc 1i(c)ln1c Citric acid Malic acid Lactic acid Thymol Carvacrol Eugenol Nisin Clr;r:?(rinlc
0.0-0.5 0 0 0 0 0 0 0 0 0 0
0.5-1.0 96 26 102 111 113 80 100 113 72 113
1.0-1.5 17 40 10 2 0 33 13 0 41 0
1.5-2.0 0 43 1 0 0 0 0 0 0 0
2.0-2.5 0 3 0 0 0 0 0 0 0 0
2.5-3.0 0 1 0 0 0 0 0 0 0 0
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Fig. 1. Digital photographs of agar diffusion test results using organic acids (A: Acetic acid, B: Propionic acid, C: Citric acid, D: Malic
acid, E: Lactic acid) against Staphylococcus aureus H-17, C-68, and SS-25.

o} =De] 071 &t H L AGA {714k S, aureus
l

of th3dl Z2] A a3 A5, o] F propionic
acid®] A-$- ¥ A& agar disc diffusion test A7} &

sl 7bg e F4 Ad & 2 FRYL welFY
oh EG o] $99) AolN wjaTgel FHH 714
(citric acid, malic acid, oxalic acid, succinic acid, tartaric
acid, fumaric acid, maleic acid, a-ketoglutaric acid 5)<]
sESEd] mE FaEe B A% 47400 G4 v
AEA 3%} 4%E TRt HHXVBH’HH S. aureus®] 3t
e W F 2407 o) BE AsjElchs A7Az
= YeERSTE o] 9% thymed} oreganod] -folle

carvacrol# thymolo] F4F02 5o glom o]zt
T2 AEEe] thdet Nt S, aureus T3 LS HHE|
glotell a7 glgol B vl dthar FIEHAT. w
B 2 Ade] A7ABet el AFe] A} propionic

acidt} S FIAV =9UE AAGFEAS B3 22E9)
i 7 S aureusS] T2 XﬁHfQ T AeH, o5
Bl AFel AR e AdIwEd N 7%
AR B3E 4 A2 Aow Amar.

g FwE

(MBC)

A4, A, 7Y, AR, 55 SOl fEE 113
Z9| S aureus F origihnBZ AE3 559 S aureuss =
A EE 574 Ay ©]-831 oM, agar disc diffusion
test A2} FHFEH7F YEFEA] 22 cinnamic acid®} lactic
acidE A|93F = o] FHEHAE HLAHTES =4
Sttt Table 3w 4E9] f714t 459 2 wFe] AFA
g =g gk HaAMTEMIC)S HAAMEFE
(MBC)®] ZAzoltt. f7]4ke] HaAN s 54 A,
acetic acid= 0.38%, propionic acid= S. aureus C-785 A
)& 0.23%, citric acidE S. aureus C-515 A|&]3F o+
—Zroﬂ/ﬂ 0.60%= EFSTE Malic acid= S. aureus R-5, D-

0S At #5004 1.68%= UEFTE o] A7 4%
-n—7]/‘P gt=%4 Z propionic acid’t S. aureus C-78% Al
3t 459 S aureus dFNA HEANTET 0.23%=E
Faart 7P =2 & F AASH, agar disc diffusion
test® &3 I FHAAe s UEE S &
AR L wre] AAdgH B A4S HAAF=T
tymol2 5% S aureus® ™3l 0.06%, carvacrol .

X19] X AXSs T (MIC)?} X ANE ST

Table 3. Minimum inhibitory concentration (MIC)" and minimum bactericidal concentration (MBC)® of organic acid and other antimi-

crobials against 5 strains of Staphylococcus aureus.

Organic acids

Other antimicrobials

Strain Acetic acid Pr(;p:i(()lmc Citric acid Malic acid  Thymol Cavacrol Eugenol Nisin

S aureus RS MIC 0.38 0.23 0.60 3.35 0.06 0.03 0.13 0.06
MBC 1.50 1.85 19.20 13.40 0.13 0.13 0.13 0.13

S aureus H-14 MIC 0.38 0.23 0.60 1.68 0.06 0.06 0.13 0.13
MBC 1.50 1.85 9.60 6.70 0.13 0.13 0.25 0.13

S aureus D-10 MIC 0.38 0.23 0.60 3.35 0.06 0.06 0.13 0.06
MBC 1.50 1.85 9.60 13.40 0.13 0.13 0.25 0.13

S aureus C-51 MIC 0.38 0.23 1.20 1.68 0.06 0.06 0.13 0.13
MBC 1.50 3.70 4.80 6.70 0.06 0.13 0.25 0.13

S aureus C-78 MIC 0.38 0.46 0.60 1.68 0.06 0.03 0.06 0.06
MBC 1.50 1.85 4.80 6.70 0.06 0.13 0.13 0.13

D MIC: Optical density at 595 nm was less than 0.4
? MBC: Optical density at 595 nm was less than 0.1



aureus R-5, C-789 Wisled 0.03%, S. aureus D-10, C-51
o std= 0.06%= UEATE Eugenole S aureus C-
78S AQslaL 452 FFolAM 0.13%= YERSTE Nisin
2 S aureus H-14, C-519] W3} 0.13%, S. aureus R-5,
D-10, C-7891] th3le] 0.06%= JERSTE wahr] 2 AF A
Z} carvacrol?] HAAMEEZ7F 0.03%E 714 A9 %H
2 9e] AAG e T dHat P =eS ¢
T ARG FHAAPEFE=(MBC)] AFlA F714F T acetic
acid= 1.50%, propionic acid = S. aureus C-512 3.70%, 1}
MR 452 1.85%=Z YEISTE Citric acide S, aureus C-
51, C-78914 4.80%= YWEIF ™ malic acide= S. aureus
H-14, C-51, C-78414 6.70%% UERSTh meba] 3 AL
Her 23423 F714F 5 acetic acid’l 1.50%=2 713
2 AMEEAE YERAY 2 v A deER
oA thymol2 S. aureus C-51, C-78°4 0.06%= L}E}S
3, carvacrol 5% EE #FFoA 0.13%= YEFRTH
Eugenoloﬂjﬂt R-5, C-78 |4 0.13%= YE}STE Nisin
2 BE #5004 0.13%= VERTE meEbA {714k Al
oIt 2 o] A FH=E T thymol®] HAAMEF
Z=(MBO)7} 0.06%=Z 7H¢ =& AHEaxE Yepfisin
B A% Azt {714k propionic aicd®} acetic acidE 2zt
7t HAaA s EEet HAAPEFEAAN B FHaHE B
Rom Qb T AFoA frIste] tiE HAA N TR
=74 Al E. coli O157:H7¢] 7-%-%= acetic acid®} propionic
acide] FAA a7 2 FaaxdE YR, Chung
S Salmonella®] a3 s At At 2] A
o] 7 B f71Ake 2 AFlA o] T
3L EHE {714 acetic acid®} propionic acidZ &Y S
ARE I F 9)\91‘:}. oe] AFEH 2 AddA &
VAR e R P | a&%ﬁ
et e s L}E}LH 5’1"4’

£ % propionic acid’}
07140 A3 LH-E%E

sk o= /\}EEJU]-. A& .%01 citric acid®} lactlc a01d

Y2 WARE, Al E R
A afelEe sl vl Holub, wekA cytoplasm
43} ot eSS 4ol AR dHA ATk,
TZA3IE= acetic acid2} propionic aicd 52
AN =2 FFEHE YE= A
Itk a8y B A1 AFE B9 o™ &
 aureus®| ] = propionic acid?} & §7]4to]
Uehfo] o] e f7|telut thE A
o] 3 g3 £ Q= A3}

Z

=
ok Ao Alaer.

SRS X 29 K2] A] FAMoET
Table 4= % 559 ;q- q]—;qL 57“ o] 7]/&34_ - ute]
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Table 4. Minimum inhibitory concentration (MIC)" of com-
bination.

Strain Antimicrobial Cavacrol Citric acid
Nisin 1/2 MIC -
Thymol MIC -

S aureus R=5 5, oionic acid MIC 1/2 MIC
Citric acid MIC -
Nisin MIC -
Thymol MIC -

§. aureus H-14 Propionic acid MIC 1/2 MIC
Citric acid MIC -
Nisin MIC -
Thymol 2 MIC -

S aureus D-10 o o ionic acid  1/4 MIC 1/8 MIC
Citric acid MIC -
Nisin MIC -
Thymol 2MIC -

S aureus C-51p ionic acid MIC 1/16 MIC
Citric acid 2MIC -
Nisin MIC -
Thymol 2 MIC -

S aureus C-78 Propionic acid MIC 1/4 MIC
Citric acid MIC -

Y MIC: Optical density at 595 nm was less than 0.4

1/4 MIC, 1/8 MIC7HA] Tt e w2 EFA2 A S
aureus?| W3 H2ANFEE ST Aolty. & AT
A3} S, aureus D-102] T2 propionic acid®} citric acid®]
1/8 MICZ 2% Al HAATEZE YeEESH, S aureus
C-51 2 propionic acid®} citric acid®] 1/16 MICZ A%
Al FHAaAFEERE YEITE. S, aureus C-78 T2 propionic
acid®} citric acid®] 1/4 MICZ A% Al FA2A|s=7 U
Elutth webq B A3 A3E ui®Oe 2 propionic acidet
citric acid?] EFA ] Al S aureusdl gt HiAF=
7} 7V wrol AtE I E9S & URATE Fernandes
52] AFolA catfish filletol]A] PR EL] F2] A 3|
7P ARl 714 e 2 Age] ™ol MY F
a2 =4 % propionic acido] e 1 TS =2 lactic acid
9} acetic acidZ YEFSTE ©]23t propionic acid®} 7
713k AgdAdS HsiEE fr14ke] 2Hg W"?O]Uﬁ
Hlafg]® f714ke AlZ YRR FFEo] AZ] pHE
SPAA AlE W E’\«l WS Y FoERD _6]—&"1%
o] dojdtt. B f7]4ke] AY AEoA o et ol
7tEl = &3l EHO}Oqu_ Hop B2 et 7% g
T7F o] FojAof & Zlow HlH
ek YA o g BHEAE 2Fd H7F A
Ao Argol oty ©Eom A A A
A7) w2l ol#fg ©Hs S5 95t
HE&A g st 2 dFdMz gaadrt =4 &

rQ o\
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e edss % AdE

TP Al FHaAel

3992, propionic acid<}

citric acid®] FEAME TEA T A

Rop It ¥ wobd Asads Hes dAdE
= T AT wEpA ojeh e E9AE] WS 8 &
A EEAA Y = A Ad dd=ds FA,
=5 A Gl di Feads e AdedE
< ol&ste] PHREES AT = e HAARE=A &
e ML F AES gt AEH A Zad A
oz

AbEE T

B At = s FElolA EEs WeAd Al S
aureus®l 3t 52| 714k acetic, propionic, citric, malic,
lactic acid)@t 3E°] A7+ (carvacrol, thymol, eugenol)
2 I gre] 2pAfe 5 (nisin, cinnamic acid)e] 3
I, A2ANEE D 47e] AeAAFES A7)
gom, o2 wigoz FFEALY EFNY A FRE

Se Botowd oo e A FaeAse 3
ghelA] WEA A 7FsAAS AFE A Tk Agar
disc diffusion® ¥ E3l propionic acid (1.38 cm) > nisin
(1.00 cm) > thymol (0.98 ¢cm) > carvacrol (0.90 cm) o2
S. aureusl| WA =2 F#H-ES YERAUTE FH A5
FE=% carvacrol (0.06%), thymol (0.06%), nisin (0.06%)
o] Jaasl b4 2 Aoz vehdeh 1 o9l @

£ 49 eugenol (0.13%), propionic acid (0.23%),
acetic acid (0.38%), citric acid (0.60%), malic acid (1.66%)
o2 T3 ehgtt ol ngoz gREAe] &
3+ A 2]A] propionic acid®} citric acid®] A3AE] &7t
Vg A et Adfd $EEAe 39 BER
Hal| gtgdo] wokel] BER o]&o] ofHAINE & A
T4 X}"d el Fa=dE9 i?ﬁiﬂl—e— 8l AIUA

T Aot web A Y=o £
£ 53 A7 AEHeR O]TOV]E‘rL s 4
S5 UEkE A BER] FYF o8] 7}
= AR

¥

3
=

off o

] (@AM PI008513-
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