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&to]  Isothiocyanates(R-N=C=8, °|3} ITCs)Z fF&El= =
Zheie) whe-S dogm AFE e A (k) E AgshAl Eh
Sinigrin® 2%E A= ITCsS F452 Allyl isothio-
cyanate(AIT)ol™, siFdeldr &8 A f Foll <& 80%E
A &AL, ghFzRkgo] FAREO R Z2-3ce  Aby] AT o] 9
o= A e] R717F A2 thE ol 71A] ITCs7h EAfsk=H,
Glucosinolate 3}#E9] FF wel 6-methylthichexyl
isothiocyanate, 7-methylthicheptyl isothiocyanate, 5-
methylsulphinylpentyl isothiocyanate, 6-methylsul-
phinylhexyl isothiocyanate &< E}ok?‘f} Alkyl isothio-
cyanate &3EE°] 1nFYo] EollA FdErH(Table
7.

oM AREL B3| Escherichia coli,

@]
L

H3

=1

=N

=

Salmonella ty-
phimurium, Pseudomonas aeruginosa, Vibrio para-
haemolyticus, Staphylococcus aureus, Bacillus subtilis,
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Aspergillus parasiticus, Helicobacter pylori & TFFgt 1) A
=ol theh AITe Fa@Ao] gol® v glen HZo:=
Streptococcus mutans, Streptococcus sobrinus, Lactoba-
cillus casel, Aggregatibacter actinomycetemcomitans 5]
T4 W AR Ug nFgo] F3E9 JHBHE By
i g}]\q_l 4.8-13) .
AITE HE2
=%, 35S
HE F&sh=
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Table 1. Principal isothiocyanates isolated from the ether extracts of
Wasabia japonica Matsum and horseradish

Isothiocyanate Roo::"ap anes;tl;zferadlshLea F Horsc;f)a&mh
Allyl 111 18.6 228 96.6
n-Butyl 1.74 03 0.36 0.42
3-Butenyl 1.83 0.06 027 0.81
4-Pentenyl 39 0.66 0.78 0.1
5-Hexenyl 1.02 03 0.57 0.18
2-Phenylethyl - - - 225
5-Methythiopentyl 048 0.27 0.12 -
6-Methylthiohexyl 1.89 2.64 1.14 -
7-Methylthioheptyl 1.44 0.6 0.33 -
5-Methylsulphinylpentyl 2.17 03 0.42 0.81
6-Methylsuphinylhexyl 7.8 2.52 54 0.9
7-Methylsulphinylheptyl 1.41 045 1.08 0.78

Concentrations are expressed as mg/100 g fresh weight.

“Root presumably refers to either the rhizome, or the total root plus rhi-
ZOme mass.

*Stem presumably refers to the petiole.

218

7184 AIT 89e 23R A9 2] AFLNA 34
h o 92%9] AIT §9L AHE3IYTh AIT 2589 (098%

purity)< Fluka Co.(Haan, Germany)?] A& Al&8k%
i1, Hexane Showa Co.(Tokyo, Japan)e] #AE& A}-&3}
Fcth. sHFEAe] Bl wA] Positive controlEA A3 E2E
AA & Bukwang Co.(Kyunggi, Korea)?] dAhid-g A+4-

Eri=s

1.2. Allyl isothiocyanate(AIT)2] &4

AIT(CH,=CHCH.N=C=8)+ Allyl chloride(CH,=CHCH.Cl)
9} Potassium thiocyanate(KSCN) & 5H&-A1A AT 4 9l
on, ZAetidta A 2] Aol e 2 e
2 34381t} Allyl chloride 150 ml(1.84 mol) 9} Potassium
thiocyanate 185 g(1.90 mol) & 500 ml 52 Z&}A30) ¢
I FFF 150 mlE 718 | d43E 2 stirring 3FEA
24N 7 Mg BFH EEdle 4 nAll AAH L f15L
A ZAow WMt o JtAAZvtEIZE (Agilent
Technologies, 6890N, USA)E o] &slo] £4& 3P Allyl
thiocyanate(I) : Allyl isothiocyanate(Il) = 88 : 12& &}
W3 (Fig. 1). o] 98 100TAA 2417t 7193 § 7p~=a=
ntEaz 2 4351 Allyl thiocyanate(I) : Allyl isothio-
cyanate(Il) = 3 : 972 Yehdt}, Ao g 43] 3o §7)&
< ot B A EFoR AxEPE A3 2o a4
171 g(1.71 mol) & & (yield) 92.9% % ¢

o~
T

STHTE o]&3toq 5
ol ¥ 200 g& F/F 550 mls} £
a1, rotary evaporator(NE-1, Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan)ollX AIT A4k FHuUlskslr] Hsle] 40TCE
12083 fAAIAT ol AL 1209 oil bath(C-WHT,
Changshin scientific co., Seoul, Korea)d|X 12087t %
A713, &9 50 mlE 283 T, dEesle 53 oil9)
AT =& SA k.

/\\/SCN ®

“+

E}SCN

//\/C‘ +
//A/NCS @

Fig. 1. Synthesis of Allyl isothiocyanate. (I). Allyl thiocyanate (II). Allyl
isothiocyanate.



Cistaobx|nfgts| x| 36(2) 2009

Table 29 2o =4
& (KCTC, Daejeon, Korea) 225
APy a #-

2 WAsa, A

AFEE] AIT &% 4 1.4, AFEtE 2 A
2% | mlE 4t B Ao AHEE RETFE
2 7&(RW-3025G gyatl e FHAte
Bokubol AL g-algit), Ao} $241F HE 4
stod Streptococcus mutans, Streptococcus sobrinus,
Lactobacillus caseiZ AH&3lom, X5 Agh} Ao
Aggregatibacter actinomycetemcomitanss, X4 2 2%
W ol #3ASle] Staphylococcus aureus, Enterococcus fae—
calis, Candida albicans® AHEEITY. A4 A 7} v E&
Az & Age 37C, 5% CO;
718N A 48417t F1t

1.3.2 Mgt m5go]

T
[CR=m=1
shaking water bath, Jeio Tech Co., Ltd, Kimpo, Korea)
Table 22} 72 v lA] o]

BF7lel|l A 24A17F, BRE 25T

1

FZE9 AIT
(hexane) 1 ml¢t &3 3 60°
oAl 1AZE FRt 7Hd3sitt. ol As Ao
21 WE rragvnEasEe BA35100 Flame ioniza-
tion detector (FID)7} F2H GC(HP 6890 series, Hewlett
Packard Development Co., California, USA)E AIT ¥%
£ &332, column® HP-Innowax capillary column
(30 m x 0.32 mm, 0.5 pm film thickness, Agilent Tech-
nologies, Inc., Palo Alto, CA, USA)S AF&3l3ith,
Injection portst FID® £=& Zh2F 2507, 260Ce|9e.H, Avf oFsle] A3
carrier gast 24 (Nitrogen) & AH&-aF b,
AIT 2289 Fry tadgntEngt 2738 5243} 2, A Hity
st} Aekik nFo] W] F&E0 AIT &2 A48T
1 8% F2ES < 650,670.97 + 1,370.26 ppm 9 AITE 2.1, gt g 54 A E
st AR Fig. 2). B Ao o] FE2E HiA|
Z 718lo] double dilution®] 2. & 8] ske] ALE-8F T 2.1.1. Mokat m3e] el AAFEE AT
A oFA ;o] Mel AAFEEe] @A L disk paper
method & olg3te] A3t 24 o5 Auldst] 640
nm (V530 UV/VIS spectrophotometer, Jasco, Tokyo,
Japan) 3gel tha F3=(A660)7}F S. mutans, S. sobri-
nus, L. casei, S. aureuse 0.700-0.750, E. faecalis, A.
. actinomycetemcomitans® 0.750-0.800, C. albicans=
) 0.350-0.400°] V=% dAstA desld d5rE 10°
| § . CFU/miZ 59lth ol F Aed vl 100 W2 B
1 ! ’ spreader® AH&-ated Zh wjoFel it FUR GAujA|el =Tk
R : oo Adreax] ddd 274 10 mm filter paper
a. Standard AIT b. Synthetic AIT  c. AIT from horseradish disk(Whatman No.2)el Aokt m2fo] #a) AA3:ZE
Fig. 2. Gas Chromatogram of standard AIT, synthetic AIT and AIT (0160‘000' 8_02‘900‘ 4_0’000’ 20‘900' 10.000, 5,000 ppm)
extracted from horseradish(Armoracia rusticana). &30 A FFALF AR R B b Az wjA
WA A | AT 37T 5% CO, Md7olA] 24417F v, &
e 25T 71874 48717 MRt L, HET 2 o A
Table 2. List of strains and media used for antimicrobial activity test
Tested strain Aerobic condition Culture media
Streptococcus mutans ATCC 25175 Facultative Anaerobic BHI broth'
Facultative Anaerobic BHI broth
Facultative Anaerobic MRS broth?
Facultative Anaerobic BHI broth
Facultative Anaerobic Trypticase soy broth®
Facultative Anaerobic Trypticase soy broth
Aerobic YM broth*

Gram Positive
Streptococcus sobrinus ATCC 27607
Lactobacillus casei ATCC 393
Staphylococcus aureus ATCC 25923
Enterococcus faecalis ATCC 29212

Aggregatibacter actinomycetemcomitans ATCC 29522
219

Yeast

Gram Negative
Candida albicans ATCC 10231
'Brain heart infusion (Difco, BD Diagnostic Systems, Sparks, MD, USA)
Lactobacilli MRS(Difco, BD Diagnostic Systems, Sparks, MD, USA)
*Trypticase soy broth(Difco, BD Diagnostic Systems, Sparks, MD, USA}
“Yeast Malt broth (Difco, BD Diagnostic Systems, Sparks, MD, USA)
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2% A8 } 1 ~€ paper diskE =24 9 ghfz)o] @ 2kA) 7]
F L Yo s i F AL disk FH
—Er‘%?}(cleal zone)&} colony?] ¥3E diz=3 vimsld g
T8 o8 glslsin}

2.2.1. AEt 2ol He HAFEE AMET

96-well flat botton microplate(Greiner bio-one GmbH,
Frickenhausen, Germany)9 7 welldl #5& 10°
CFU/mIZ Qe v gA S 5 wd B35 5 Alga g5
g wiAlek LS EFMAE 50 M TG 9710
650,000ppme] A F4F n3go] Be] JAFEE-S double
dilution He =z dFdA #4(20,000, 10,000, 5,000,
2,500, 1,250, 625, 313, 156, 78, 39, 19.5 ppm)3te] 50
ek, A 37T 5% CO. #idr1olA 24417, ERe
25C Z7|87 el A 48417 Bt miFatact i & 4 FF
o) 24 H5Z micro plate reader(OD; 660nm, ELROO,
Bio-Tek Instrument Inc., California, USA) & &3 811 th.

2.2.2. 571873 AIT &9 AR&T
MeFat o] Bl AAFEE A7y UG ubio
Zh gl Wiz f718A AIT $99] A4S 238k

o #7188 AIT $4-& 920,000 ppme double dilution
o2 dATA 34(20,000, 10,000, 5,000, 2,500, 1,250,
625, 313, 156, 78, 39, 19.5 ppm) &t A&-319 T}

2.3. A& %% (minimum bactericidal concentration,

24 F 340 BAYA ge v ooko-e% a3 @3% EE
Ao B2 P WPAT AT AR streakd &,
AT 37T 5% CO, WiF71eA 24413, ERE 25C 378
Aol 48AIZ Bt vlFstel 24 78 HABT,

At nEge] Be] AFEEH F718 AIT &9 4
| ) paper disk F$& ol B3}
o] AL 4 (colony) S HAL™(Fig. 3, 4), o]&H AFAit
pF o] ) AAFEET 718 AIT 492 A7) A8
H in

24 bl & & 99
2. H2AHSEMIC)

F&E MIC

:r”c‘ ul Ul §=§°ﬂ gk M ofat o] W
& A3 Table 33 2l At
of 3] AAFEE 43 A7 TEFY 74 Wl w4

Fig. 3. Antimicrobial activity of horseradish root extract and
synthetic AIT against A. actinomycetemcomitans by the
disk paper mothod. a. Control b. Horseradish extract(AIT
80,000ppm) c. Synthetic AIT(80,000ppm).

Fig. 4. Antimicrobial activity of horseradish root extract and
synthetic AIT against C. albicans by the disk paper mothod.
a. Control b. Horseradish extract(AIT 5,000ppm)

¢. Synthetic AIT(5,000ppm).



& Z C. albicans®] g MIC7} 117.0 + 55.2 ppmo& 7}
2 yskom | S aureus, S. sobrinus, S. mutans, A. actin-
omycetemcomitans, E. faecalis®] =22 MIC7} =031

L. casei®] MIC= 1,750.0 = 684.7 ppm2& 7H3 &3k}

2.2 #7134 AIT
dol A4
MICE &3¢

i

MIC7} 34 .0

1.

S. sobrinuse

T 899 MIC

774 W P dig 57133 AIT &9
ﬂr—‘:— Table 33 #t}. C. albicansel thgt
171.2 ppme 2 7P Wstom | S, aureus,
2} 390.8 £ 234.3 ppm, 1,125.0 + 2795
ppme WERAIL, S. mutans®F A. actinomycetemcomitans
= 1.375.0 £ 684.7 ppml 2 2 < 23 eH E. fae-
calise 2,000.0 + 684.7 ppm& YEMATH L. casei®] MIC
+ 3,000.0 & 1,118.0 ppm&.2 7174 =8}

*
paa

3. F2atsE(MBC)

3.1 MEAF o] ] AAFEE] MBC

Aol ARRE T W BB thgk At Fo) Htﬂ
AAFEE) MBCE &4 A3+ Table 49 7L°Eq
albicans®l thgt MBC7} 625.2 £+ 382.5 ppm &2 7H%
o S aureus, S. sobrinuse 27 875.0 + 342.3 ppm,

1,750.0 £ 1,843.5 ppm< YEUWI D

. S. mutans<

Table 3. MIC values of horseradish root extracts and synthetic AIT
against oral pathogenic microorganisms

MIC (mean +SD)
Strains Horseradish root ~ Synthetic AIT(ppm)
extracts(ppm)
S. mutans ATCC 25175 5002 +170.9 1,375.0 +684.7

S. sobrinus ATCC 27607 312.6 +£1915 1,125.0 +279.5

L. casei ATCC 393 1,750.0 + 684.7 3,000.0 +1,118.0

S. aureus ATCC 25923 132.8 1093 390.8 +234.3

E. faecalis ATCC 29212 937.6 +441.8 2,000.0 +-684.7

A. actinomycciemcomitans 6522 +382.5 1,375.0 +-684.7
ATCC 29522

C. albicans ATCC 10231 117.0 £552 344.0 =171.2

Table 4. MBC values of horseradish root extracts and synthetic AIT
against oral pathogenic microorganisms

MBC (mean +=SD)
Strains Horseradish root ~ Synthetic AIT(ppm)
extracts(ppim)

S. mutans ATCC 25175
S. sobrinus ATCC 27607
L. casei ATCC 393

S. aureus ATCC 25923

2,000.0 +684.7

1,750.0 +1,843.5

6,000.0 +2,236.0
875.0 +3423

4,000.0 +-1,369.3
4,500.0 +3,259.6
7,000.0 +2,738.6
1,750.0 + 684.7

E. faecalis ATCC 29212 3,500.0 +£1,3693  6,000.0 + 2,236.0
A. actinomycetemcomitans 3,500.0 +1,3693  6,000.0 +2,236.0
ATCC 29522

C. albicans ATCC 10231 6252 + 3825 1,750.0 + 684.7
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2.000.0 + 684.7 ppme YEMAY. A, actinomycetem-
comitans®t E. faecalise 3,500.0 + 1,369.3 ppmo.2 22
FE o L casei®l MBCE 6,000.0 + 2,236.0 ppm
o= 7P w3

3.2. 71384 AIT $<4¢] MBC

Aol AR 7 Ul vAE tig £7138 AIT 49
MBCE 243t Z23= Table 49 22o™, C. albicans® S.
aureus®] MBC7} 7F¢ wskem 1750.0 £ 684.7 ppm=
vEldc}, o)oiA S, mutans7} 4,000.0 £ 1,369.3 ppm, S.
sobrinus7} 4,500.0 £ 3,259.6 ppm< YERIY L
actinomycetemcomitans$t E. faecalis© 6,000.0 =%
2.236.024 & 7% B3t L. casei® MBC+= 7,000.0

+ 2,738.6 ppm & 7HE =3}

F A4 E-<l Allyl isoth-
ol e,

,AEFEY] BEA 2 1 ERe

5310 nitril
yrosinase| &JahA 7l
A F2 Allyl isothio-
Z7M = Allyl cyanide® A gHd
ol Eﬂﬁﬂ’ﬂ &3] gzl vh= glo
A mzo) WiE To A
(oxygen uptake) <t A& tjALERE-] WElEe) Aol
A71Fa o, AEA, AL peptide F TMF 9 SHY
5ol wkgste Isothlocyanates«] thiocyanate 71(-N=C=8)
7F A-gehe Zo ' AZE I Tk,

A °ok" ET% ol9] Sinigrin® <7, 4, 44
7oA M =e S ‘61» S Holm R
]4 wel 29 E "P*Q“a}oi F&3 3
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[‘0

o] Bg] 2&Ho
E% 1 HjA] ete] FdsHA 2
A&+ double dilution

paper methodE ©]83F%
W g 5 3l Mgt o
AHERE o] Al

A 5&
Frgs Aoy ?%}‘F'L%"é

fo X

ﬂllo OI

ez QI8 Figte] AA7}
A% Fel A = UERE R, o] AL Al QH &
o] A B ol A7l B9 AFETIA] JoFS 1t
< A3 319 ol AN E AT x| waly o
ko] Apol7h Hol7le AT tAZ HaulA] Auke] A
colony® W=7} AA EE3e Aow BAHPon
parafilme]] o W80z 3 FFAES0] petridish o
A T5EHA BEAM, paper disk 917 H-9mal opak
WAl kel FHEAE B97) wEoletn AztETh
H2AATEE SH57] 98] &4 239 @R, gt A
£ 96-well flat botton microplate(Greiner bio-one
GmbH, Frickenhausen, Germany)2 Z wello] £33l9x=
o, Z&a gaEHE Ldolir] Y8t negative control,
positive control, blank& g+ plate 2t AA sl A3 A
31313, negative control& HujeF iAo FFu B33 A
positive control> AWM F WA #F5 Eala BHY
#A F22FAH(0.08% Chlorhexidine digluconate)<
A& A, blanks A dF RS B33 Aoz A7
sto] o] BAHQ AR A QdE 72 wady
=3
96-well flat botton microplate®] AAA] 2L platedtel] Al
pFYo] FAFEZEN {7|FAT AIT £48 B3 S9
FIE FA9 vn & 4 Y2 390
7] A8, A4 A AAE O}d‘:}
T N2 E A3A 2 plate StlA] =
Aol uigz & Felela AzEglont, O]?i ?‘i:r“ﬂ’ﬂ%i—
plate & shvte] ol diaiA gt 3180

A3 AIT §99] FFLAE vad &

it

O_t:’_:]l

A3EET 1718
AAsgT 2

z 49

i

N=E
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olfrE Tt 2tk AlA, 1ol HAFZEY F718A
AIT &Ho] A3 wellell 2Fte] Jgkg )
NAEER T WE gt A Hapt E A%
ZoA A= A 22 TR dAHE A
plateqtell A, B} FroA A5 Aldo] BF
gt g AAARE A7) PEAUT.
F7h Botxd 22 platestel] AAE71dE A417F Ui
A, 17401 7GR e T gE s e
< 3lokele C. albicans® 7A$-<lE ¥x9 plateE A
< Srell it

Mkt 1ol He) AAFEEY 47 29 13RY 7
74 W vAE F C albicansdl W3 MIC7F 117.0 £ 55.2
ppmoE 74 $stom S aureus, S. sobrinus, S. mu-
tans, E. faecalis, A. actinomycetemcomitans®] <02
MIC7} =%te™ | L. casei®] MICE 1,750.0 + 684.7 ppm

A

o= 71 =3k MBC 94 C. albicans?} 625.2 + 382.5
ppmCE 7} goror #FH ol AN YEE MIC
o] 2~4u] FZoA MBCE 7|&8t9ct 718403 AIT &

NS o] HY AT} 94| C. albicansell g MIC7}F 344.0
+ 171.2 ppm o2 7} wtom] AoFit m3yo] Ba) A
Y SAE MIC7E 5%k, MBCE C. albicans
E bl AT R

T MBCE 71E3Hdch. & 591
Y& AITE |43 A *‘?ﬂoﬂﬁ iw
53] dtEigo] st e, Alat Fol
ANA FgAo] sttt
ALFEEH 71948

C. albicansol A 713 =& JadH L
, 1% 27379 A, actinomycetem-
9 L. casezi‘i‘r—‘é ol el B
FATE WSAY 2 g8 S e
3 zfeld 0104‘3} BEA|TE ot Aol A ALE-
Fr7E shithe A, o)d =EEdA A
ohe A, 7 o] T el Wol Aol EAg
o|A =&#He] Atol= LAE 4= dvha AzbEr)
A nAE e Faed v s Te
platedtoll Al BE Al-S wigate 31X £t 3 plate & ot
vhe] gt theiA et AeE Agsilonw A7t
Hl o= b7} SlS 4= lvka A Zhe )

= Oq:rLOH 01*1% 7&9 77 W vl S tiste] MFat 1
Fgo] ¥ AF=E3 471843 AIT 499 HAAA =

F&E7
%} S aureus?t 7FY Gskon, #F
 MIC 2~4HH
Shin #} Lee™

s
]
juie)
o2
oXx
=]
l-n:
_E,
rr
[N}
Uﬁi
o
ok
=TI

o
Kl

4g BAA

o
[+1

oZ:
1o

w9} AT FES v & u, BE AR gt 15
o ““al HAFZELS 543 =9 7134 AIT &9 B
oY e AT dxae AHERE YeEhd S & & Q)
Ak 13% g FaAgo] Atol= APt mFPo] e A
ZE50] AIT 0|9 = T2 JEEE dH3la 7] WFolgtn
AzHd}, o] Ao Mgt mFfolo F2H AIT 2
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At
Helicobacter pylori of tigh 2t A8 &4 S vl wsile
o, 7t A9 Helicobacter pyloriel tig MBC7} 4-pen-
tenyl< 420-670 ppm, 5-methylthiopentyl$ 250-330
ppm, 6-ethylthiohexyl 210-250 ppm, 7-methylthichep-
tyl2 420-670 ppm, phenethyl isothiocyanates+ 130-170
ppmEZA 1,330-2,670 ppm& MBCE H.<l Allyl isothio-
cyanate®tt o} 713 st R 32 vebldith %3 Ono $29&
pFEYeld Al #&H 6-methylsulphinylhexyl isothio-
cyanate 7} Staphylococcus aureus ol thate] A& #&] 24
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Abstract

STUDY ON COMPARISON OF ANTIMICROBIAL ACTIVITY BETWEEN
HORSERADISH(ARMORACIA RUSTICANA) ROOT EXTRACTS AND SYNTHETIC ALLYL
ISOTHIOCYANATE AGAINST ORAL PATHOGENIC MICROORGANISMS

Kwang-Sun Park, Ho-Wom Park, 1I-Sik Shin*, Ju-Hyun Lee, Hyun-Woo Seo

Department of Pediatric Dentistry, Oral Science Research Center, College of Dentistry,
*Faculty of Marine Food Science & Technology, Kangnung National University

Allyl isothiocyanate(AIT), the principle ingredient of antimicrobial ingredients from horseradish root, can be
prepared from extracts of horseradish root or synthetic method. It is reported that the horseradish root extract
has the antimicrobial effect against various oral microorganisms, while there is no further study about the an-
timicrobial effect against the oral microorganisms of synthetic AIT derived from synthetic method.

The aim of the study is to compare the difference of the antimicrobial effect between horseradish root extracts
and synthetic AIT.

To evaluate the antimicrobial effect, we measured the minimum inhibitory concentration(MIC) and minimum
bactericidal concentration(MBC), and the results are like following.

1. The MIC of horseradish root extract against 7 kinds of oral pathogenic microorganisms is about 117~1,750
ppm(0.0117~0.175%), and the MIC of the synthetic AIT is about 344~3,000 ppm(0.0344~0.3%), which
have the antimicrobial effects against all kinds of microorganisms.

2. The MBC of the horseradish root extracts against the 7 kinds of oral microorganisms is about 625.2~6,000
ppm(0.06252~0.6%), and the MBC of the synthetic AIT is about 1,750~7,000 ppm(0.175~0.7%), which
have the antimicrobial effects against all kinds of microorganisms.

Key words : Horseradish(Armoracia rusticana), Natural extract, Allyl isothiocyanate(AIT),
Wasabi, Antimicrobial activity
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