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Antibacterial activity of isothiocyanates from cruciferous vegetables
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Abstract

The antimicrobial effects of ten isothiocyanates (ITCs) present in cruciferous vegetables and radish root hydrolysate
were investigated against pathogenic bacteria from olive flounder. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) were measured against two gram-positive bacterial strains (Streptococcus
parauberis, S. iniae) and four gram-negative bacterial strains (Edwardsiella tarda, Vibrio ichthyoenteri, V. harveyi,
Photobacterium damselae) by using a broth microdilution technique. The antibacterial activity of ITCs was in the
order sulforaphane > sulforaphene > phenylethyl ITC > erucin > benzyl ITC > iberin > I3C > allyl ITC > phenyl
ITC > hexyl ITC. The susceptibility of fish pathogens to ITCs was in the order of V. harveyi > E. tarda > P.
damselae > S. parauberis > S. iniae > V. ichthyoenteri. Antimicrobial activity (MIC) of radish root hydrolysate
was 0.250 mg/mL against S. iniae, 0.438 mg/mL against S. parauberis, and 0.500 mg/mL against both E. tarda
and V. harveyi. The aliphatic ITCs were potent inhibitors of the growth of fish pathogens, followed by aromatic
ITCs and indolyl ITC. The presence of a double bond in the chemical structure of ITCs decreased antibacterial
activity, while ITCs with a thiol (-S-) group and a longer carbon chain increased antibacterial activity. These results
suggest that ITCs have strong antibacterial activities and may be useful in the prevention of fish pathogens.
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phenylethyl ITC= o]0, benzyl ITCx= <}AHI9}F 7= o]l
S Mt Aoz dHA ATH29).

A F7HA] ITCsoll 93} 3} G = FE 2| E 5o
O @77} Bol 950} $HG5,10). 53 benzyl ITCSH
allyl ITC= 2FYAATRY= IFSAAT) Uste] =&
F492 ehloda, Aduche Fgold el e 2
e Ueidlle Ao® defA Aok1D. B3 allyl ITCS}
2-phenylethyl ITC= Salmonella Montevideo, Escherichia
coli, Listeria monocytogenes, Vibrio parahaemolyticus,
Bacillus cereus, Bifidobacterium, Clostridium, Lactobacillus
of thate o] w2 AR dHA AUrk12).

A AFEdA el At e PAE 2 B
3 Algtoll oJsto] Aol WAsto] FAZ v s Far
A=Y, F2 WA= AT AW Streprococcosis,
edwardsiellosis, vibriosisoll 2]3 21 0.2 Streptococcosis®)
A BAT O 2= S paravberis®} S iniaeE-, edwardsiellosis
o) JARNEL E tarda®} E ictalury} R Y} =3k
o5 wibriosise & £59] VibrioE At 7ol o3}
of sfjsrol, Haro] T TR °1W°ﬂ/‘1 Ash, 53] 1
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2% V anguillarum® 2 R I1E0] QoW V ordalli= O1F
o) 284 WPF YATFOR LeIA Urh(d)
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Aokl 9 B dF F2E] oAl e FHed
(14), Xﬂ—rﬂ‘ﬁﬂ% e FEEY oHATER] E rarda, S
aureus 2 11F9] vibriodol t3F A(15), LA =
Eof ojiAlldtel tigk g EA(16,17), At W vhs F
of 4717} | AARA vlA= FK18) 5ol ‘ilE}.
e A &8k} A4 e isothiocyanates®] o H o]l T3t
A e ATE Bg Wt gl Wby Qo
M= ARt Aame] F2 &< 1059 isothiocyanates
o % AGRAEE B el WA oAl i)
of GBS ZH3he] IMese) Bhata] Pt Gt gatel
BAE wastAth
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HEN=

2 A3 AREgE 10EY ITCs 5 benzyl ITC,
indole-3-carbinol(I3C), allyl ITC(AITC), phenyl ITC(PITC),
hexyl ITC(HITC)E Sigma-Aldrich(MO, USA)2] A|&+2.,
phenylethyl ITC(PEITC), L-sulforaphene, R(-) iberin, erucin
< Santa Cruz Biotechnology Inc.(Texas, USA)9| A%<,
DL-sulforaphane-> Calbiochem(Merck Millipore, Darmstadt,
Germany) 2] A|FS& AHE-SIATE A& &t a3t} vlu

3}7] 93k positive control 4] oxytetracycline(OTC)<
Sigma-Aldrich(MO, USA)9] A|F& AME-3lHar, &0l
dimethyl sulfoxide(DMSO)+ Daejung Chemistry(Siheung,
Korea)oll Al 943t AM&-3tSTh.

B Ayl ARgE Fe AT frEE A = AL vk
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Work Inc., Wilmington, NC, USA)Z #3)3}te] 20T W5
of Ryshdr ANEE ARSI
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B g ALg 5& Z} ITCs9] stock solutione 100%
DMSOel 2014 A% S43te] clei7hd FEe] gL
A zstdk Aol AME-gE 7 ITCs®] &%+ BITC, PEITC,
I3C, AITC, HITC, PITC”} 0.031~4.000 mg/mL, sulforaphane,
sulforaphene, erucin, iberin®] 0.007~1.000 mg/mL, OTC
(positive control)©] 0.0001~0.400 mg/mL, § 7}3-3] &-0]
3.9~0.500 mg/mL°] it}
£ IlEdlZE2 M= Y GC/MS 24

e 7} 3= Kim 5(19)¢] el Fate] A %33

A AZAIZ F B2 05 goll 75 8 mLe sl

T2 9T TlEEE 918 25°ColA 108 B 8]
A]Z1 3 dichlormethane 10 mLS- 3 7}8}e] 25T A
St oAl Rk REGAIZ Y O & VleReee
dlchlormethanegi 33 FE3¥Yx anhydrous sodium
sulfate(Sigma Co., MO, USA) 2 gZ 7}3lo] 8-S A A5
% Advantec No. 5A oA Z A3t A T} o] A2 rotary
vacuum evaporator(Rotavapor R-124, Biichi Labortechnik
AG, Flawil, Switzerland)i dEel A A FEdtel SiE
A3 A AL 7)o DMSOS 7héte] &afx17] &
20Cel] B@shaA o a5l o TES S48t
AL, GCMSe] 9§ F8 A &
galste] A1gsieick

F 7RSS gurEAd Foske 8 8 RS
2] 3] $15ke} T 7l4-EelE Fe) ITCs Kim 5(19)
o] W] wa} Agilent 6890N GC/5973 MSD(Agilent
Technologies, Santa Clara, CA, USA)Z #2435} 3t}
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AL 2F

ITCs®| a4 Ao AHES dFe FAgAdA
2 olF WA AgogA agddd 2%
(Streptococcus parauberis FP 3287, S iniae FP 5228)%} 1%
S 4% (Bdwardsiella tarda FP 5060, Vibrio ichtlhyoenteri
FP 4004, V. harveyi FP 8370, Photobacterium damselae FP
4101) = yg42+7}8kI(National Institute of Fisheries
Science; NIFS, Busan, Korea) 0 2 F-E| FoFdto} AFE-3HY
ot & #EL 1% 25°] 3719 Brain Heart Infusion(BHI,
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Becton, Dickinson and Company, MD, USA)®l| 4] ul] &3}
Alo] AHEBA, 2} 79 ML Table 13} 2o
™ 33| At wjtate] ARE-sHATH

Table 1. Fish pathogenic bacteria and incubation conditions used
for the experiment

Gram Strain Incufufion
Streptococcus parauberis FP 3287 37C, 24 hr
¥ Streptococcus iniae FP 5228 37C, 48 hr
Edwardsiella tarda FP 5060 3717C, 24 hr
Vibrio ichthyoenteri FP 4004 37C, 24 hr
0 Vibrio karveyi FP 8370 37°C, 4 hr
Photobacterium damselae FP 4101 37C, 24 hr

EAXHs=(MIC) &8

ITCse] F2AA8)]5=MIC)= Clinical and Laboratory
Standards Institute(20)2] ¥ ol w2} broth microdilution
methodE W3l SH3IHTE =, stock solutionS 1%
Ago] #H7FE BHI HAZ 1008] 3A35}e] 96-well
round-bottom plate®l] 100 yL2 EF3t3t} ZH2he] 7{34—‘?
S 1% AF°] FA7}E BHI brotho] 0.5 McFarland &%
(1x10° CFU/mL)7} &2 wv|g] wjekst 3 5x10° CFU/mL
o] H=& 3|43t 7} welldll 5 LA &3, 37 CAlA
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BE AP A4 43 vEAA si5oH, 4 A=
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Duncan’s ultlple range testZ A ST
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Table 2. Minimum inhibitory concentration (mg/mL) of pure isothiocyanates and radish root hydrolysate against fish pathogenic bacteria

Fish pathogenic bacteria

Isothiocyanates - — - - -
S parauberis S e E. tarda V. ichthyoenteri V. harveyi P. damselae

Aliphatic ITC"

Sulforaphane 0.500£0.000"” 0.094+0,036" 0.0630.000° 1.0000.000° 0.1250.000 0.188£0.072"

Sulforaphene 0.125:0.000 0.2500.000" 0.07820.031 1.0000.000° 0.1250.000 0.250£0.000"

Therin 0.156:0.063 0.250:0.000° 0.188£0.210" 1.000£0.000° 0.2500.000° 04380.125"

Erucin 0.750+0.289" 0.094£0,036" 0.063+0.000% 1.00020.000° 0.063£0.000% 0.125+0.000°

Allyl ITC 0.750£0.289" >4.000 0.500£0.000° >4,000 0.500£0.354° 0.667+0.289"

Hexyl ITC >4,000 4,000£0.000" >4.000 >4,000 >4,000 >4,000
Aromatic ITC

Phenylethyl ITC 0.1880.072 0.625£0250° 0.250£0.000" 0.625+0.250° 0.125+0.000" 0.21940.063*

Benzyl ITC 0.5000.000™ 0.219:0.063* 03130125 0.750£0.289"™ 0.125+0.000° 0.375+0.144"

Phenyl ITC 1.5000.577° 2,0000,0000" 4,000:0.000° 4,000£0.000° 4,0000,000° >4,000
Indolyl ITC

Indole-3-carbinol 0.37540.144™ 0.125+0.000" 1.000:0.000° 0.313+0.125° 0.500+0.000° 0.375+0.144%
Hydrolysate of radish root ~ 0.438£0.125™ 0.250+0.000° 0.500+0.000° >0.500 0.500£0.000" >0.500
Oxytetracycline” 0.0003+0.0000" 0.0027+0.0008" 0.00070.0000" 0.0009+0.0004° 0.00040.0000° 0.350+0.100"

ITC isothiocyanate.
Oxytetracyclme positive control.

Walues are expressed as meantSD (n=4). Means with different superscripts in the same column are significantly different by Duncan’s multiple rage test (p<0.05).



Antibacterial activity of isothiocyanates against fish pathogens 889

6% (E. tarda, V. ichthyoenteri, V. harveyi, P. damselae)
hate] AAstT} A4 el 1059 ITCs9F § 7FEEa &
o] &S SHst HaANEEMIC) S HAMT
E5(MBC)Z Ve S th(Table 2, 3). 74 A3
© = sulforaphane, sulforaphene, PEITC, erucin, BITC,
iberin, I3C7} ¥ 3EC.H, AITC, PITC, HITCE SS9t} oW
Al E = ITCsoll gk 1742 V. harveyi7} 71 =3k
W, I YO 2 E farda, P. damselae, S. parauberis, S.
iniae, V. ichthyoenteri <=2, V. ichthyoenterie A 2|}l
agreAte] agtATel Hste] wiztgel it

ZFITC ¥ 2 84S ¥, sulforaphaneS B &2
o] =8 GS<! glucoraphanine®] 7Fi-3llE 2 M, X A%]3]
FEMIC)E= E tarda®l] 3l 0.063 mgmL= FfE4do]
7V =9k, S iniae(0.094 mg/mL), V. harveyi0.125
mg/mL), P. damselae(0.188 mg/mL), S parauberis(0.500
mg/mL)el WIAE =& FFEAHS UEATH
Sulforaphane 2] A5 E=MBC)= ¢F 2xMIC ©]3}%]
Z 0.2 Ho} sulforaphane 2t a7} = Aoz 4
= 3ok

Sulforaphene Fo] F WAZ Wo] FF= 3l
glucoraphenine 2] 7}FE3|E 24, oW Aol tigh HA
A3 E=MIC)= E. tardae= 0.078 mg/mLZ 7Hd =%kal,
V. harveyi®} S. parauberisc 0.125 mg/mL, P. damsclaeS}
S iniae= 0250 mg/mLE H& FFEAS YeERAIT

i

Sulforaphene2] MBC2 ¢F 3xMIC ©]/4Q] Aoz Ho}
sulforaphene> A a3 7} = AL 2 FHHAUY. 53]
V. ichthyoenteri®] 73-3- sulforaphane®} sulforaphene] MIC
©] 1.000 mgmLE F&/do] 2 Z o7 Hol & i
of nlste] Wiido] A Aoz FAHII

PEITCE E4°]2] 2 GS? gluconasturtin®] 7}
AREZM, oW At FllA V. harveyi0.125 mg/mL)°ll
et 7P =& IddagEAds e xSk o§
parauberis(0.188 mg/mL), P. damselae(0.219 mg/mL), E.
tarda(0.250 mg/mL)ol M= =& FHAS HYPon,
S iniae$} V. ichthyoenteridl TI3A= 0.625 mg/mLOZ
Tha v 3t A4S eIt PEITCS] MBCE MICH#
AAJEAU 2xMIC ©]381R] A OE Kol At avE e
= A& FAHEHA

Erucin 571+ FepHl o] Bo] 35 o]+ glucoerucin
o] 7} AAFEZA, MICS E. tardaSt V. harveyioll
3l A 0.063 mgmLE Zgh St E/43-S YER AT 18]
IS iniae(0.094 mg/mL)S} P. damselac(0.125 mg/mL)o]
et = =2 FdEAS YA Y, S paravberis
(0.750 mg/mL)$}+ V. ichthyoenteri1.000 mg/mL)o] tha) A=
w2 it e4d-S eI AT Erucin®] MBC2 MICH ¥
ALY 2xMIC 03191 Ao g Hol AFanE Yehle
Aoz FHHAL

BITCx= SPAHHIU ARpol| Bo] 5o} A= gluco-
tropaeolin®] 7} & 24, MICS V. Aarveyioll H5)A]

Table 3. Minimum bactericidal concentration (mg/mL) of pure isothiocyanates and radish root hydrolysate against fish pathogenic bacteria

Fish pathogenic bacteria

Isothiocyanates - — - - -
S, parauberis S iniae E tarda V. ichthyoenteri V. harveyi P. damselae

Aliphatic ITC"

Sulforaphane 0.87510.250” 0.2810.157" 0.125:0.000° >1.000 0.125:0.000" 0.250:0,000"

Sulforaphene 1.0000.000° 1.0000.000° 0.219+0.063° >1.000 0.219£0,063" 0.2500.000°

Therin 1.000:0.000° 1.000£0.000" 0.500::0.000° >1.000 0.250£0.000° 0.500:£0.000°

Erucin 0.750+0.289% 0.5000.354" 0.125+0.000° >1.000 0.063+0.000° 0.125:0.000"

Allyl ITC 4.000:0.000° >4,000 0.500::0.000° >4,000 1.313£1.796" 0.833£0.289"

Hexyl ITC >4.000 >4.000 >4.000 >4.000 >4.000 >4.000
Aromatic ITC

Phenylethyl ITC 0.313£0.125" 1.125+0.629° 0.43840.125" 1.0000.000° 0.125+0.000° 0.313£0.125™

Benzyl ITC 0.625+0.250% 0.2500.000™ 0.500+.0.354" 1.000:0.000° 0.125+0.000° 0.438£0.125™

Phenyl ITC 2.000+1.414° >4,000 >4,000 >4,000 >4,000 >4,000
Indolyl ITC

Indole-3-carbinol 0.375£0.144" 0.250£0.000™ 1.0000.000° 0.8130.800" 0.500£0.000" 0.438£0.125™
Hydrolysate of radish oot~ 0.500£0.000 0.2500.000™ >0.500 >0.500 0.500£0.000™ >0.500
Oxytetracycline” 0.0008:0.0000" 0.00470.0018° 0.0031£0.000° 0.0027£0.0024° 0.0008:0.0000" 0.350£0.100™

UITC, isothiocyanate.
2)Oxytetracycline, positive control.

Walues are expressed as meantSD (n=4). Means with different superscripts in the same column are significantly different by Duncan’s multiple rage test (p<0.05).
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0.125 mg/mL=E 73t Fa&A4S Uepidoh 283 8
iniae(0.219 mgfmL), E. tarda(0.313 mg/mL), P. damselae
(0.375 mg/mL), S parauberis0.500 mg/mL)o] M= =
< A4S YeRY QI BITCS MBCE= MICH A X]31A
U 2xMIC ©]3}Ql AS2 Hol A aaE Yehlle 3o
2 FAHA

Iberin> H2Z 2|9} P59 8 GS glucoiberin®]
TWEESEZA, MICS S parauberis®} E. tarda 3| 212}
0.1567} 0.188 mg/mLE -2 &S eI =5
V. harveyi®} S iniaeS} P. damselae®l D3| A= 2427+ 0.250
7 0438 mgmLE F2 FHEAAES YERAAARE v
ichthyoenteri©l] Y314+ 1.000 mg/mLeh= Blad ke g
T3S eI Iberin®] MBC2 MICH YX|stAY
oF 3xMIC ©|3}%] Z o2 Hol Atay} T Jadairt
AE Aow FFHAUT

BCE FE AR Afael] 5o = glucobrassicin
o] 7}rEEEA, MICS S iniaedl W34 0.125 mg/mL
2 7V =8 eSS YeENSIaL, V ichthyoenteri0.313
mg/mL), S parauberisSt P. damselae (0.375 mg/mL), V.
harveyi(0.500 mg/mL)A M= & AL YeRNIA
v E tardad)] THEAE 1.000 mg/mLEFs Bl w2 wke gt
245 etk 13C2) MBCE MICH U X|8}Au oF
2xMIC ©]3}%] ASZ Kol A gyt e A0ZE 373
=tk 3C= 53| V. ichthyoenteri0.313 mg/mL)ol th3}e
= S YR

AITCE FuljFF Azl Bo] gHrE o] U= sinigrin®]
THFEINIEZEA, MICS E. tarda®}t V. harveyol| T3l A
0.500 mg/mL, P. damselac®] TH3|A= 0.667 mg/mL, S
parauberis®] A= 0.750 mg/mL2] &84S UERY
Ao}, S iniaeS} V. ichthyoenteridl WA= >4.000
mg/mLE & A4S YRl AT AITCS MBCE
MICH# LX|8EAL, oF 3xMIC ©]381R] A 0E Kol Ata
I e Auadrt de o= FPEUTh

Kim 5212 FAFX|NA FEgt E sarda 4978 w0
st AltE 1 = Aol Bt 33 (MICo) =
=73t A3} ampicillin, amoxicillin, doxycycline, oxolinic
acid, flumequine, ciprofloxacin, norfloxacin®] Z}Z} 0.032,
0.032, 0.064, 0.016, 0.016, 0.0005, 0.001 mg/mLZ, & AT
ol A41¢] sulforaphane(0.063 mg/mL), sulforaphene(0.078),
iberin(0.188), erucin(0.063), phenylethyl ITC(0.250), benzyl
ITC(0.313)9} W8}l w) Al G} =2 taAd
= YeERITH

ITCse] &3 viwslr] $84] positive control 2
I o F] At A X EA|A OTCE ARS8t it
XS =sAty. MICS S parauberis, S, iniac, E. tarda,
V. ichthyoenteri, V. harveyi®ll TI3l4] 0.0003~0.0027 mg/mL
Z mf =2 FHEA4S Ye oY, P damselaedl] Tl

32
5

A= 0350 mgmLE 7FF whe S vER)
wetA OTCE A g ol AHE-3F 1059 ITC B} w5
S YER ST Bulfon 5(22)% P. damselaes
&gt 5% oAl tigte] OTCY] Fa83S 574
A3} T2 Aol vIsl P damselaedl A S St
A4S VJepdta Badt A0 2 Kol P damselac’} E}
AlgtEol| Hlate] OTCo Wk WAdo] st A= F4 =
ot ¥bH 27} ITCs(sulforaphane, sulforaphene, PEITC,
erucin)= OTC Rt} P. danwelaedl] T3 dtAo] =& o
2 Hol P damselae?] ol ITCs9] o] & 7oA 119
s 4 e AR FAHHJ

Hir

ol Heorfo

esiEe FHAMGSE(MIC) ¥ HAARFSE(MBC)
2| o At 65l it F 7=E3l=<] MICZ MBC
=733 A THTable 29} 3). F- 7423l &) Aol
gofshs 8 B4 8-S Fle] Hlste] GOMSE &
298} A3} raphasatin@} sulforaphene©|2H= 5 712 ITC A
o] AZEH Y (Fig. 1) I F=(ppm) HS-S 1:0.16012
t}. Raphasatine 318} 734} erucin@} H| 52814 1F B-QH4
sto] B} EA=Z A 13kE7] vl AlgE A ¥k
(23). F 7}FEES] MICS S iniaedl thalA 0.250
mg/mL(raphasatin®] F=)Z 7 =2 dtE4dS YeRY
3L, S parauberist 0438 mg/mL, E. tardaS} V. harveyic
0.500 mg/mLE -2 A4S YEPN AT P damselae
S} V. ichthyoenteri®| N3 A= >0.500 mg/mL=Z B H Lk
& FFEAL JehAITE Kim 5(17)< 281 4+2] 80%
methanol FEE2] S iniac®} V. ichthyoenterioll T3+ MICS
237} 0.128%} 0.032 mg/mLE F 7FEE-S 502502 >0.500
mg/mL) BT} ¥ J784S Btk Han 5(24)2
%S (honeybee venom)2] FHAMIC)S A3 A3} E
tarda, S iniae, Vicbtlzyoenteriﬂ] 3iA 212+ 00176, 0.0034,
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Fig. 1. GC/MS chromatogram of radish root hydrolysate.
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