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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]l benzyl ITCx= <}AH] 9} AA]]
T2 FHrE de Aem dHA ATH,)9).

A F7HA] ITCsell o3t gt &dbe F2 57wl
et A7 Bol ¥ o] $hrh5,10). 53] benzyl ITCS}
allyl ITCE TR Pk 22384 Fol tiate] 2o
24 e, Ald e 3ol tote] =2 &
/\4 o L]—E]—LH“ 7—] oz olgqxz] 0] q—(ll) :\:—5]_ allyl ITCQ,],
2-phenylethyl ITC= Salmonella Montevideo, Escherichia
coli, Listeria monocytogenes, Vibrio parahaemolyticus,
Bacillus cereus, Bifidobacterium, Clostridium, Lactobacillus
o tiste el 2 AR g2 Av(12).

g A FEolA Bol Fsta e dAe = B
3 Aol ofste] Aol WAste] AAA FefE Fa
Q=d, F2 TAst= AT AW Streprococcosis,
edwardsiellosis, vibriosis®l| 23+ 2 2.2 Streptococcosis®)
9l HAT O Z= S parauberis®t S iniaes, edwardsiellosis
o] YR1FL E tarda®t E ictaluri7} 1% 1 T} B3
o F vibriosis= 2 Z£579] VibrioZ AT 74l o5}
of 8], Brol B TR ol ol M wAyen, S8l 1
= 94, DGR 1718 2go] B P9 YU}
B 34\9-& de A A=, TEARA vibriosis?] D17t
2E V anguillarum® 2 B350 1O V ordalli= ©F
o 284 T AT or dHA UHA13).

AF7HA] G2 o Alte] el et d7ee A
oA E B dF FE2E9] oAl g g
(14), Zﬂ—rx}"g*—l% g FE2| oAYATS] E tarda, S
aureus 2 1159 vibriowtol] th3k A1 (15), LA F=
=9 ofgAlatel tht FHB(16,17), AR W ks F=
o H7bh g9l AMAGRE vAE a8 Sol ek
Tk Azkskat A4 F2f isothiocyanates®] o1H ol th g
Ggel e A7 wang vl gick mea B A
A A kel Fa AR

10&9] isothiocyanates

o} § MR B U e 67le) 9x| oAt st
o] oS S8t MCse] shobs] 29t Pird 7ol
WAE vt

Mz 2 4
Y=

2 Ao AFEe 1059 ITCs & benzyl ITC,
indole-3-carbinol(I3C), allyl ITC(AITC), phenyl ITC(PITC),
hexyl ITC(HITC): Sigma-AldrichMO, USA)2] #A|&S,
phenylethyl ITC(PEITC), L-sulforaphene, R(-) iberin, erucin

< Santa Cruz Biotechnology Inc.(Texas, USA)S| A&,
DL-sulforaphane-2 Calbiochem(Merck Millipore, Darmstadt,
Germany)®| Al &5 AH&SIATE Algo &t F3ke} vl

3171 913 positive control 24  oxytetracycline(OTC)-2
Sigma-Aldrich(MO, USA)2] #| &S A&l a, &m<l
dimethyl sulfoxide(DMSO)+ Daejung Chemistry(Siheung,
Korea)oll 4] 43t AH-&-3t3ith.

2 430 AgE T AZe] fEHD 9 A% v

o4 Fietel, AH, AE, B A2A F, 470k
Work Inc., Wilmington, NC, USA)Z #4j3le] 20T W¥Ex
of HEshaA AR Ak

Alef M=

2 Ao AFE-gE 7} ITCs9] stock solution 100%
DMSOS] 218 Q1% 3)43ko] oAei7ba] FE] §oIS
Azttt Adol AHE-g 7+ ITCs®] %+ BITC, PEITC,
I3C, AITC, HITC, PITC7} 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, T 7}<=-3] &]
3.9~0.500 mg/mL°]| At}

C/ MS &4
Tote] A x5k
LA AXAZ 220 5 goﬂ SHF 8 mLe Hrlska,
A E 20l gk 7liEalE fl8l 25ColA] 107 &1t AA

3122171 3 dichlormethane 10 mL< & 7}8ke] 25T ol A
15% &<t oAl ant ‘?l'—o*/\]ﬁ‘:]r a1 % teEdlE
dichlormethane 2.2 33 335191 anhydrous sodium
sulfate(Sigma Co., MO, USA) 2 g5 7|3t <= '[‘"‘a A A gk
% Advantec No. 5A ZA] 2 7313t} o] AL rotary
vacuum evaporator(Rotavapor R-124, Biichi Labortechnik
AG, Flawil, Switzerland) 2 &2 4] 2k 553ted &viE
A3 AASIE L <1719 DMSOZ 7ksted &aiAIZ] F
20T EdtabaA i w7 gk Fa8de S4 st
93, GC/MS®l gt =8 A F 412 dichlormethane]]
%H%M AH&-8F31

T 7 Esl = ﬂ‘?%}*éoﬂ Hodsh= F8 %W iRy

3] sb7] flstd F 7EelE 9] ITCs= Kim *(19)
ﬂ o] whEl Agilent 6890N GC/5973 MSD(Agilent
Technologies, Santa Clara, CA, USA)Z &3} th

_L|>Zr

AHE TF

ITCs®] 3ty Aol AHEd dF= FAdAlolA
ek off WAl AdoEAd aFFdTE 2T
(Streptococcus parauberis FP 3287, S iniae FP 5228)3} 1%t
=737 4% (Edwardsiella tarda FP 5060, Vibrio ichthyoenteri
FP 4004, V. harveyi FP 8370, Photobacterium damselae FP
4101)2 =y <A} (National Institute of Fisheries
Science; NIFS, Busan, Korea) © 2 58 EofFdtol AFE-3}%
o} Zt #E5L 1% A F°] A7} Brain Heart Infusion(BHI;
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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

FHL2ANHsZ(MIC) &3

ITCs9] # 443l 5= (MIC)= Clinical and Laboratory
Standards Institute(20)2] FE=HH ol W2} broth microdilution
methodS &3l =431t} =, stock solution= 1%
AFo] #H7kE BHI ¥iIAE 100M] 3]A3to] 96-well
round-bottom plate©l] 100 pL® EFatch. zHzhe] HEt
2 1% AF°] A7IE BHI brothol 0.5 McFarland 5%
(1x10° CFU/mL)7} ¥ =% v]g] v gk 3 5x10° CFU/mL
o] x5 s|Aste] 7} welloll 5 A &8, 37CellA

32 A28 A6E (2015)
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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.
Oxytetracyc ine, positive control.

Walues are expressed as meantSD (1=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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6% (E. tarda, V. ichthyoenteri, V. harveyi, P. damselae)|
tale] Ak A4 2 1059 ITCs9} F 7Heiel&
o] gHdd= St A s=MIO) S T
¥ E(MBC)E VER I th(Table 2, 3). 84 A4 2
© = sulforaphane, sulforaphene, PEITC, erucin, BITC,
iberin, I3C7} =%t2™, AITC, PITC, HITCE S3)th oW
Al = ITCsell thgh W13Hd-2 V. harveyiZl 71 &9k
W, 1 U C 2 E tarda, P. damselae, S. parauberis, S.
iniae, V. ichthyoenteri =2-%, V. ichthyoenterrs: A| ]}l E
agkgAdato]l ool Hlske] WIzHdol Etth

ZHITC ¥ & 84S B, sulforaphaneS H 2 =g
o] 8 GS<! glucoraphanine®] 7F=E3l =24, A7
EEMIC)E= E tarda®l W34 0.063 mg/mLE St g/ o]
7V =9kal, S iniae(0.094 mg/mL), V. harveyi(0.125
mg/mL), P. damselae(0.188 mg/mL), S parauberis(0.500
mg/mL)°] WEAE ¥ FTES HeERSdTh
Sulforaphane®] # A4 FEMBC)+= & 2xMIC ©] 3}l
A0 2 Hol sulforaphane> At &7 e Aoz 4
=3t

Sulforaphene o F WAZ wo| {0
glucoraphenine®] 7}i-3ll & 24, oW Aol tjgt
A&l =(MIC)= E. tarda= 0.078 mg/mLE 7} 9k,
V. harveyi®} S parauberis= 0.125 mg/mL, P. damselac®}
S iniaex 0250 mgimLE F& TS YERHIIT

B pas)
Borr

Sulforaphene2] MBC2 2F 3xMIC ©]74Ql Ho =z Hol
sulforaphene> T &7} l= F o2 FH U 53]
V. ichthyoenteri®] 73-%- sulforaphane®} sulforaphene2] MIC
°] 1.000 mgmLE &HgAdo] F AR Hol b i
of Hlgte] WAool gk Aoz FHE QT

PEITCE E4°]2] 2 GS?! gluconasturtin®] 7}4=5-3f
BAERM, ol AT oA V harveyi(0.125 mg/mL)°ll
gt 7MY =2 oSS JERISlT EE §
parauberis(0.188 mg/mL), P. damselae(0.219 mg/mL), E.
tarda(0.250 mg/mL)°ll tHM = 5 A S Blon,
S iniae®} V. ichthyoenteridll Wd)A+= 0.625 mg/mLO 2
CTha w2 g4 & YERl LTk PEITCS] MBC= MICT}
XA Y 2xMIC ]3] AC2 Hol At aats Yehy
= Ao R FEHAUT
Erucine 74 ZefH]of] Bo] 35 o]+ glucoerucin
7 AP EZRA, MICS E. tarda®t V. harveyi©ll
&llA] 0.063 mg/mL= 7+3t 3t dAd = UERQITE g
TS iniae(0.094 mg/mL)S} P. damselac(0.125 mg/mL)e]
et E =2 FadEHS et ey, S parauberis
(0.750 mg/mL)S}+ V. ichthyoenteri1.000 mg/mL)el| tha) =
we g4 eIt Brucin®] MBCS MICH 4
2)5HAL 2xMIC ©]sl] 2o g Hol A Eas VYehlle
Aow FH=EAL

BITCE 9HAHR|U Azt o] 3HiEo] &= gluco-
tropaeolin®] 7123 & 24, MICS V, harveyioll ta]A]

& 10
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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 0.87540.250” 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° 0313£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 0.37540.144" 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" 0.35020.100™

UITC, isothiocyanate.
2)Oxytetracych'ne, 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= 7Z¢h P22 et 28l 8
iniae(0.219 mgfmL), E. tarda(0.313 mg/mL), P. damselae
(0.375 mg/mL), S parauberis(0.500 mg/mL)°l| tiaiA = =
< A S YERRSITE BITCS MBCE MICH Y] 31A
1 2xMIC ©|&kl Z o2 Hol A EHE Yelle 2o
=2 FEEA

Iberine B2 Z2]oF Fj 3] 28 GS? glucoiberin®]
7R ERA], MICS S parauberis®} E. tarda 3l 242}
0.1567} 0.188 mg/mL= =& LA YR dct 3t
V. harveyi®} S, iniae®} P. damselae®l W3+ 27+ 0.250
7} 0438 mgmLE =2 JHHE JeERAAIRE, v
ichthyoenter®l] &A1= 1.000 mg/mLel= Bl w4 2 g
T84 & YERSATE Iberin®] MBCS MICH Y| 8FA
oF 3xMIC ©]31Ql 2102 Kol A g e Hdadr}
AE Aoz FHHA

BCE EE At 2ol $HrEo] 1= glucobrassicin
o] 7R E2A, MICES S iniaecl] WA 0.125 mg/mL
27V =2 g UehiA A, V. ichthyoenteri0.313
mg/mL), S. parauberis®t P. damselae (0.375 mg/mL), V.
harveyi(0.500 mg/mL)°I M = & gt eS8 YERY A
Tt E tarda®l A& 1.000 mgmLehs ¥ w2 $he gt
245 YeERAITE 13CS] MBCE MICH U A3} A Y <F
2xMIC o]}l B o2 Hol Adgirt e o= 4
H At} BC= 53| V ichthyoenterf0.313 mg/mL)°l| thalo]
< dugde et

AITCE Ful S} ARl Bol =] 3= sinigrin®]
7l B2 A, MICS E. tarda$t V. harveyidll a4
0.500 mg/mL, P. damselacl| 3A= 0.667 mg/mL, S
parauberis©] A= 0.750 mgmL2] 32432 YERY
Ao, S iniaeSt V. ichthyoenteril | A= >4.000
mg/mLE W& 735 Uit AITCS MBCE
MIC LA ek, oF 3xMIC ©]slQl Aoz Hol A&
I e AHEIA e Aew A

Kim Q1)< 2 dx]olA 22|13t E tarda 497 <l
tiste] Algts] 3 e FAYA o it LA (MICo) =
%3t 23} 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, & A+
ol|A19] sulforaphane(0.063 mg/mL), sulforaphene(0.078),
iberin(0.188), erucin(0.063), phenylethyl ITC(0.250), benzyl
ITC(0.313)9} Wl wstsle v Ald AL 22 A
<= YEhIAT

ITCs9] gtgd 3 vl wstr] $138ke] positive control 2
&2 o Fe A EH 2 BAQ] OTCE AME-3te] gt
A8 A3 TE MICS S parauberis, S, iniae, E. tarda,
V. ichthyoenteri, V. harveyi®ll T34 0.0003~0.0027 mg/mL
2 ¢ 2 s el oY, P damselacol] T

T2 ZAA-FEE A A22H A6E (2015)

A= 0350 mg/mLE 71 W& g UERY
w2b OTCE Aol AFE3F 1052 ITC Ho} mf$ %2
e S YR TE Bulfon $(22)% P damselaeS
&gk 59 oAt tigte] OTCS IddA = 573t
A3} T2 Aol vlsk] P danwelaeol] a4 S At
FAS VeEldtn BEadk Ao 2 Hol P damselae’} EF
AlitEol vlste] OTCol tlgh Ulido] 4et Aoz 45
o}, ¥bH 2 71x] ITCs(sulforaphane, sulforaphene, PEITC,
erucin)= OTC BT} P dansselaedl] T3t 3tAdo] =& Ao
2 Hol P damselae®] A1tol ITCs9] o] % 7oA S 17
g £ IdS Ao FAHHAh

2

% g r

-—

(6]

£ 7krEsliEe FaxsisE(MIC) ¥ F4aHrsE(MBC)

HA| o Al 65l tidk 7 7al=2] MICY MBC
Z 57431 tH(Table 29} 3). F 7128l &2 gredoll
HAste T8 & AES IRl f18te] GOMS=E &
233} A3} raphasatin?} sulforaphene©] 2H= F 7<) ITC A
Foto] &5 a(Fig. 1) T F=(ppm) H]&2 1:0.16°]%1
t}. Raphasatine 3}8F 127 erucin®} H|$=5}A] 9 E-<013
sto] B} AR fA A7) wel] AldE A vt
23). ¥ 7l Ee] MICS S inizec] WHalA 0.250
mg/mL(raphasatin®] =) & 7P 2 IS HER
3L, S parauberis= 0.438 mg/mL, E. tarda} V. harveyi=
0.500 mg/mLZ =& &3S YRS P. damselae
&}V, ichthyoenteriol &A= >0.500 mg/mL= H] 2l A B
2 A4S JeERITE Kim S5(17)& 2uiAke] 80%
methanol FZE-2] S iniac®} V. ichthyoenteril] &+ MIC-2
Z}z} 0.128%}F 0.032 mg/mLE 5§ 7FEE-al 502502 >0.500
mg/mL) Ko} E& FteA) S B33 Th Han 5(24)S
% S(honeybee venom)2| I AMIC)S S 23} E
tarda, S, iniae, V. ichthyoenteri®l &)~ Z}Z+ 0.0176, 0.0034,
0.0017 mg/mL=E - 7}FE8l & Hot gd/do] #3uTh

Abundance

650000 .
Raphasatin
600000

5.055
550000
500000 [
450000
400000
350000
300000]
250000
200000
150000 I Sulforaphene
100000 10572

50000 1

Time--> 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

Fig. 1. GC/MS chromatogram of radish root hydrolysate.
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