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Abstract

Volatile antimicrobial compounds, isothiocyanates (ITCs), were compared their antimicrobial activity against 9
strains, Listeria monocytogenes, Bacillus subtilis, Pseudomonas fluorescens, Escherichia coli, Erwinia carotovora,
Saccharomyces cerevisiae, Candida albicans, Aspergillus oryzae and Penicillium roqueforti. And synergistic
antimicrobial effect of ITCs was examined with acetic acid. Allyl isothiocyanate (AIT), benzyl isothiocyanate
(BIT), and ethyl isothiocyanate (EIT) were more effective than other ITCs. MIC (minimum inhibitory concentration)
of these compounds was 100~200 pg/dish against microorganisms tested and their inhibitory actions were
more effective in order of fungi > yeast > Gram-negative bacteria > Gram-positive bacteria. MIC of acetic acid
was 50~500 pg/dish as lower concentration than ITCs. Using a mixture of volatile antimicrobial compounds
and acetic acid, the synergistic effect was increased in 2~10 times than ITCs used solely.
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Table 1. List of volatile isothiocyanates

. Chemical

Name Abbreviation structure
Allyl isothiocyanate AIT CH,-CH=CH,
1-naphthyl isothiocyanate ANIT CyoHy
Benzyl isothiocyanate BIT CsHsCH.
Ethy! isothiocyanate EIT CH:CH,
Methyl isothiocyanate MIT CH,
Phenyl isothiocyanate PIT CH;s
B-phenylethyl isothiocyanate PEIT CH;CH,CH,
Propyl isothiocyanate PRIT CH3(CHy).
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Table 2. List of strains and media used for antimicrobial activity test

Strains Media
G+Bacteria
Listeria monocytogenes ATCC 19114 Tryptic soy agar & broth (Difco)
Bacillus subtilis KCCM 32835 Nutrient agar & broth (Difco)
G-Bacteria

Escherichia coli KCCM 11234
Erwinia carotovora KCCM 11652
Pseudomonas fluorescens KCCM 11362
Yeast
Saccharomyces cerevisiae IFO 0304
Candida albicans KCCM 11282
Molds
Aspergillus oryzae 1001
Penicillium roqueforti KFCC 11269

Nutrient agar & broth (Difco)
Nutrient agar & broth (Difco)
Nutrient agar & broth (Difco)

Malt extract agar & broth (Difco)
YM agar & broth (Difco)

Malt extract agar & broth (Difco)
Malt extract agar & broth (Difco)
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Table 3. Summary of antimicrobial activity of isothiocyanates vapor

1)
Strains = Acetic
AIT BIT ET MIT PIT PEIT PRIT ANTT %
Listeria monocytogenes 1000 2000 2000 - - - - ~ 300
Bacillus subtilis 5007 2000 1000 =9 - 2000 - - 100
Escherichia coli 300 2000 2000 - - - - - 100
Pseudomonas fluorescens 100 2000 500 - - - - - 100
Erwinia carotovora 100 2000 1000 - - 1000 - - 50
Saccharomyces cerevisiae 100 100 100 - - - 500 1000 50
Candida albicans 500 2000 500 - - - 1000 - 300
Aspergillus oryzae 100 1000 1000 - - - - - 500
Penicillium roqueforti 100 1000 100 - - - 500 - 300
ITCs : isothiocyanates (See Table 1).
Minimum inhibitory concentration/petri dish (g/dish).
*Not detectable in this study.
Table 4. Summary of MIC of synergistic effects of ITCs & acetic acid vapor
1) in ac .
Sirains ITCs +Acetic acid (1:1) Acstic
AIT BIT EIT MIT PIT PEIT PRIT ANIT  acid
Listeria monocytogenes 300 300 300 100 300 300 300 300 300
Bacillus subtilis 502) 50 300 100 50 100 50 50 100
Escherichia coli 100 50 50 100 50 100 300 300 100
Pseudomonas fluorescens 100 50 50 100 100 50 100 50 100
Erwinia carotovora 50 50 50 100 100 100 50 50 50
Saccharomyces cerevisiae 30 50 300 100 300 300 300 300 50
Candida albicans 100 300 100 100 300 100 300 300 300
Aspergillus oryzae 50 100 300 100 300 300 300 500 500
Penicillium rogueforti 30 100 300 50 300 300 300 500 300

ITCs: isothiocyanates (See table 1.).
Minimum inhibitory concentration/petri dish (ug/dish).

ITCs$} 1:18 E3sle] g =48] A4 AAE &
2%+ A= Table 4} 7o},

Listeria monocytogeneas

AITE T3l 739 A o 845 248
AHg-315-& o, Gram 4] A<l L. monocytogenes
o] gF AFE AITZ} 7H4 A7) o} MICE 1,000
ug/dish .o BIT 5§ c}& ITCsE-2} MIC+ AIT X
o} o} 2,000 pg/disholl A = F4 AAl AA-E et
Uz o= 2le2 Jebsdc} (Fig. 1, Table 3). Delaquis
E®0)) ut2, L. monocytogenes®] ATl ti¥k MIC=
1,000 pg/L of air(§4kA] oF 50 pg/dish)=. & AY A
sb Rol7h SIgich. ITCs@ ZAksh Eihslod AHg-4t 3
2 MIT2) MICt= 100 pg/dish@ 714 Jgtom AIT %
thE ITCsE-E 300 pg/dish & Felllel(Table 4). o]
¥ Ade 24N S5 AMHE MIC] 300 pg/dish

3} f-AF8le L. monocytogenes®] 54 HAle At
o} & 74 E & e Ao YA

Bacillus subtilis

Gram }4 Algole] WdA XA} A AlF®2l B.
subtilis®] FAA 7 B AR PF A= AIT
9] MICE 500 pg/dish2r] 7F3 dgtes, ElT&
1,000 pg/dish, PEITS] 7% 2,000 pg/dishgd o, c}2
ITCsE-& 2,000 pg/dishell A . $4] oA A2} Mo
A e¥skcHTable 3). Isshiki 5% n}2 B. subtilisol]
o3k AITS] MICE 420 pg/dish s 8 A¥ HAhe) §4}
stk 2AN B4 49, EITE A9 g <& ITCs
£-& 50~100 pg/dish2 ITCs 5 AHE-8151& of B}
MIC>} 10~208] Yo}x] 32 (Table 4), hH-5-<] ITCsellA]
Z2ARE E AMEHE 73-9-2] 100 pg/dishE o) Gobx]
2AL o) i A EI E Ao Jehgth
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Fig. 1. Growth inhibition by vaporized isothiocyanates
and its with acetic acid (AA) on Listerie monocytogenes.
AIT: Allyl isothiocyanate, BIT: Benzyl isothiocyanate, EIT:
Ethyl isothiocyanate, PIT: Phenyl isothiocyanate, PEIT: B-
phenylethyl isothiocyanate, PRIT: n-propyl isothiocyanate,
ANIT: 1-naphthyl isothiocyanate, MIC: Minimum inhibitory
concentration
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Escherichia coli

Gram $42] ) AlFols, A& 299 A% Al
@4 E. colio] ti¥F ITCsES] 37 A3 AITY
MIC+ 300 pg/dish 2. 24 t}& ITCsE2) MICS] 2,000
pg/dishel] w8 & 38E ¥ a(Table 3), AV}
E3 sl A2 o= BIT, EIT W PIT®] MIC7} 50
He/dish2 2AF 5 ARG 73$-9] 100 pg/dishir} o
gk}, e ok ITCs+= 24 £ sl gAY
2.3]8] MIC7} ¥olA & 73§ ¥ FrH(Table 4). 34,
Isshiki 5% E. colio] i3} AIT2] MIC7} 110 pg/
dish2 ¥ Ay Astec} JYgror}, Kanemaru 52¢]
A= 123 mg/L (344 2k 600 pg/dish)2A] o}z A)
¥ o3t

Pseudomonas fluorescens

Gram $Adolv] &4 A<l P. fluorescensell o
3 ITCsE2] 37 Hale AITS] 739 MIC7} 100 pg/
dish, EIT= 500 pg/dishg] 2.0, BITE 2,000 pg/dish
oJH I T ITCs= 4] JA A& viehix]) 24
t}(Table 3). Delaquis ol 2}3} Pseudomonas sp.
£ 25°CollA] viekyd o AITS] MICE 500 Hg/L of air
(BAEA] <F 25 pg/dish)2 ¥ AY e} I 53
tHTable 4). ZAls} E43}e] AMg-3= 7 BIT, EIT,
PEIT ¥ ANITE 50 pg/dish@ AR % A% of
Br} MIC7} JolA|i} v 2] ITCsE £3)7} giich

Erwinia carotovora

AFe] o PoIs=® Gram 4 AlF4l E.
carotovorasll ¥t ITCsE2] S-F A3 vl AITS
MIC= 100 pg/dish 2 24 37 A7} 744 Egtow,
EIT<} PEITS] MICY- 1,000 pg/disho]$] 3z, RITE 300
pg/dishgl 7 ThE ITCsS-2 2,000 pg/disholl 4 & 24
A B3} Al 2A G5 AR 79 v F &
Stch(Table 3). 2Ats} Egsle] ARG w) 2E ITCs
2] MIC¥ 50~100 pg/disho.2 ITCsE W5 AR o
Bl MICE Polx|& Zgolu} 24 &5 A4y
o} £3}7} Al ElAlE Sghei(Table 4).

Saccharomyces cerevisiae

Ztdel] de] Fx=e] 9lon] 3g §§3 AFl
A FA A H= 524 S cerevisiged] Ylg} ITCsE2)
@ A3-E A B AIT, BIT % EITE A% of
MICE= 7z} 100 pg/dishgd.o»] PRIT 500 pg/dish,
ANIT 1,000 pg/dish & A] gt Gram A5} A AT
B} ITCsol| gt WAJo] Aia o ot Aoz o}
Epi=dl|(Table 3), o128 7§ 3k& Delaquis ¢} o
T A3} A Ak E§F A W) AITS)
7§ MICE 30 pg/dish® 2AME FE0 8 Ag-3h:
73950 pg/dishye o} Fgk ot vea] ITCs+ 24 o
5 AR A9 ZAY A5 B9t Y4t Table 4).

Candida albicans

Candidiasis®] 9172l C. albicanssl] W& ITCs
E9) 87 A= AIT 500 pg/dish, EIT 500 pg/dish,
PRIT 1,000 pg/disho]% i, o} ITCsES 2,000 pg/
dishell = 54| QA A7} e Aos veh} A
ML 24hg &5 AHSY A $-HcH300 pg/dish)
) 58 MIC7} & 8- Bg 3 ITCsoll digk Wiy
o] 733 o2 Bltk(Table 3). Isshiki 502] 23} o]
o2 AITS] MICE 62 pg/dish £ A3y Z}al 500
pg/dishe} xto| & veblich w3t 24HS E sl A}
4% ) AIT, EIT, MIT ¥ PEIT®] 7% ZAl AFS-A]
2| 300 pg/dish¥r} & 100 pg/dishg viehjje] &
3 ARgell whe A A7} Zci(Table 4). HAA o
2 ITCs¢t 24ME Esl] AHS-E o) A7) Algn
ot 34 A7t $& A %E el

Aspergillus oryzae

Adel wo] EAsh= FFol]l A oryzaes) 7%
AIT®] MICE 100 pg/dishe 7}3 Jgkew BIT ¢
EIT+ 1,000 pg/dishd 52 o}E ITCsw 4] oA £0}
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7} $14dti(Table 3). AITS] MICE A€ AlFE<]
7$-(100~1,000 pg/dish) Hr} Hubgog ylo} A
oryzae7} Mg} AITe| o] q17Hg).on], oj2idt A=}
= Mol Fgolur) ITCsE A Aol o] s}
£ Delaquis $¢) Zse} AL} 24 &4
AH4-E W AITS] MICE 50 pg/dish2 AIT &5 A8
ASuc} Ayt g on 24 GE A AS
Hohe 10019 GA 238 By ofE ITCse] A%
% ANIT W2 A9)3 RE ITCs 8 24} &5 AM-
T wjuc} A7} A58t ci(Table 4).

Penicillium roquefortf

=3k 0l roqueforti cheese AjFeol] o] 8P=& P
roquefortio] Wit ITCsES] FA3E vz§ A
AITS} EIT¢] MICE 100 pg/dish, PRIT2} ANITS] 73
< 500 pg/dish, BIT+ 1,000 pg/dish2 AIT 9 EITE
ZAL 5 A8 4 34 A At Fsict o)
£ Folo] £ oA BB Alds} v]wA AdA
22 YAdo] o5l a(Table 3), o]2|&t A= A. oryzae
9] 7359t fAlsgch. 2y, 2ANL E4bste] AL
& AITE 30 pg/dish 2 AIT v 24 ©h502 A4
g 4w} Y58 & MICE M5 MITE 50 pg/
dish2 ZAF &% AHS-E o B} MIC7T =) Gsich
(Table 4).

ITCs& &5 A4-3l9-& we] MICE F33 23}
(Table 3) 4] A A37} Q)& AL F2 AlT, BIT,
EITgew dykd e F4] oA A= Gram A
A F <Gram 24 MF <EE <Fo] 28 Fol4
o0 B3] 5ol ITCsol wzHghe o 4= dsich
ol Gram %A} AT AIT| gt A8Ade] Gram
44 Algxc} Frhe Isshiki 52 Ao} vj=d
A goldrt, w&F S, cerevisiae T ARE THE AlF
o] ul3led AIT §9] A S Sl didt WA o]
ofsin], Al AUHoR 7P WS Rede
Delaquis 5-2|*” Ao} fAlslglLn, AT FelA=
Fol w} ulAde] =elrt slslct. ¥, A oryzaes}
P. roqueforti 5 Fo)e| dls] AIT 2 EIT § A5
ITCsEo°] BIT 5 W& ITCskc} 7 asrs) o 7
sl e, o1 Carter $2|® Zzje} 72 Aol
t}. o9} zo] ofu, Axl Fo| Fa wigut AE
AIT"P= ZylA] v A5 FA] 94 a3t gless
o) E A 3 EAEL o] &3l HA AFE BEA
& sl A7l o 9ad Zlez gl

&, ITCs9} FAts) £ ALgof] wbE A5 53-8
Abs} Bl (Table 4) Z2Al3} E§sle] AR o ITCs

G5 A4 A5} PR L AT AR 5 o
B HF I 1R w247 WY B 8
A g 4T ALY uch 245 Tgste] ALY o
MIC7} 2-20 W) A= ol onl, 53] ©5 A4 73
Sol &7t AS) QY PEIT, PRIT & ANTTS] 4
5 B FolA| L itk E TCsEE W5 A4
Wope A Gram 94 Aol ot g E)
a8 9 Fgold] Ue Asburk of gow, 2AE
el WE A EHE of FobAoh

A4 2 [Cs& @5 A vl AT, EIT, BIT
e A o) 35 tale] §F AhE by
21}, e ITCsEE AM o2 wlofalgion, 24
3 £ o BE ITCsolA 2 149} A4 B}
A Bl R, $7 LHE 7] AL ol F
A 9F BAS 248 BN AL8RE Aol
ulab Rl Ro2 Bukech

® <%

A4 wdsEe WA E3e isothiocyanate
A(TCs) B4-E AL 2 Listeria monocytogenes,
Bacillus subtilis, Pseudomonas fluorescens, Escherichia
coli, Erwinia carotovora, Saccharomyces cerevisiae, Can-
dida albicans, Aspergillus oryzae and Penicillium roque-
forti - 9%2] Tl Uig F4 A AA(E A3
2v] ZAM} E3Fsle] AMY o) Ak BIHE W] El
t}. Allyl isothiocyanate (AIT), benzyl isothiocyanate (BIT)
Y ethyl isothiocyanate (EIT)’} thA} 35 E5el| 100~
200 pg/dish 459 HAFAAHF=MIOE i
F4] A8 Axe FRo]>AE >Gram £4 Al >
Gram °FA Al & ollth AR 50-500 pg/dish2
ITCs Bt} MIC7} Yk} ITCs#} 248 £85I A}
43l 7% AR AY o g5l bzl F4
Al A A7) QA=A AT 73-9- AIT &5 =
£ 24 9507 AME wrc 2~100 ol A3t
Al on] HAA e g F4] oA AL ITCs &5
A& o} 22 A o]t
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