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Synopsis

For ensuring the safety of food under volatile condition, antimicrobial activity of allylisoth-
iocyanate (AIT) and some essential oils from spices were examined as the growth inhibition for
Aspergillus oryzae, Saccharomyces cerevisiae, Bacillus sublilis and Daphnia pulex. In addition, Ames
test employing His™ mutants, Salmonella typhimurium T A98 and TA100 and the spot test on wing
employing Drosophila melanogaster, BINSC and Oregon-R type, were undergone to evaluate their
mutagenicity. The minimum inhibition concentration of AIT and essential oils were counted 10
-20 and 25-75 ppm, respectively. The not mutagenicity by Ames test was recognized in AIT,
carvacrol, salicyl aldehyde, eugenol and citronellol in the treatment with 8 or 16 ppm. Also the
wing mutation, flamelike hair, was occurred 10 days after the treatment with 0.18 ppm AIT. As
an abnormal morphogenesis of D. pulex, male organism multiply generally, sexual (winter) eggs
were appeared 10 days after the treatment with 0.04-0.06 ppm AIT.

From these results, it is suggested that AIT is of promise as a food preservative compound,
because it shows antimicrobial activity at low concentration under volatile condition without any
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mutagenicity.
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BEESEr o2, 272, FHS I AIT OfEM I
BES DICFEET 595, Ames test K& 2 EREM %
F~IER, Salmonella typhimurium TAIS(TA9S
LBET) THERREEED o1,

HFEEEMER S OEMYE, L KEREM EELSA
#4z D T Life Science Research Office (LSRO)
B & U Federation of American Societies for
Experimental Biology (FASEB) o #k 4%
(1920~1975) BH Y, YAF—FKEiF<AF—F
A4 NVOFEOBRMOBETIIEREMEL L UK
BAERED SN ZWERRTWS, LHL, F0O
5)DEE O —H o iR £ 1 iF20~50 ppm/kg/
day T rat, mouse, hamster ¥ 7z {& avian XL €
FWIES, RRIEROE, MER - HE - BEORINA
HELRTFE LRI ERBITLEEIN TS, L
o35 T, AIT RHEFRBHE S OFMY (ERFEM)
KOLTREBWL oL ORMANES EEL N
%,

HIRTHR, AIT B & UEFEHEEE FHOE
EHERCEREERHS T 5720, Ames
test ¥t A F YV VERERD TAB (7V—Lv 7 b
") & S. typhimurium TA100 (TA100 &3, &
HEBRHY *Huv, £ 5S-9 [post-
mitochondrial supernatant, &) ¥ VEERF T 3
] EEHML HEORERFEHICDOWTRETL 72,
SORBMIc A SN LEMRBEERT, Thicko
TERFEBEELENZLELEME DAY
Teo BB, ERFUHMBHNEO—BHEL Tz
¥ 3 731, Drosophila melanogaster 2 & 2BED
spot test DEH» I ¥ > a3, Daphnia pulex DET,
Wl SR RIZTEEEE T,

11 KBHEGLUHE
1. HiEHERR
1) #EEB L UM
Table 1 «ZBt3AHE, BHCRE B & Ui %, Table

Table 2. Essential oils used

Essential oils Abbreviation Molecular
formula
Allyl isothiocyanate AIT C.H;NCS
Carvacrol CAR CioH..0
Citronellol CIT CioH20
Eugenol EUG CioH120,
Geraniol GER CioH,sO
Salicyl aldehyde SAL C,H,0
D-Limonen LIM CoH s

* All essential oils were purchased from Wako Pure
Chemical Ind. Ltd.

EE60mm OEE -~ M VML (25 ml &) #EH#5
ml 253 L, WHELE, ARl SRS 1 a8
HXE@ELl, 2OXMNNEHEFAL, BRCHE
INERERE (R 6mm) ¥BE, ~f 7oy ) vy
T0.1, 0.38 & V0.7 ul OHEIEM % 7 O T
TRIN S ¥ 724, Y—I K7 404 [Novix-1I,
BEHTEH] TRrVMEHL, FAERE TS AM
BRLL, ERERIKO~ MY MEAY, EBR%E
3EKEL, BOEFTREEFH I,

2. ZRRMHEER

HREM SR AEELUTCARRS,

1) Ames test®~'?

AEEBR T TASE L UTAIN:HAWAERKE
HHEB L S-Imix 3BNMLBEOEJICOVLT
TRz, Tibb, K~ MY MGERI0 mm) i MBB
¥#b (Table 3) 20 ml %431, E{E#&60°COY 7 +
7 47— (Table 3) ik & L 7o 4538 H0.1 ml, S-9 mix
0.3 ml B £ U MBB ##b i it 38 (Table 2) %0
Z, 37°C, 48hEERLau=——HEHXI,

2) vauvau NI L A3ERENSR

#HEY 3 v Y 3 v BENREEERER (28
) »oEE iz BINSCH & Oregon-RBTH

2 R EEL 72, 3, YVavPavnNzWTA3ERFEHEEFARD K
2) FBAE 1£0.09~5.26 ppm OFHPE TITV, N ORFES
Table 1. Microbes used and culture conditions
Microbes Temperature (°C) Medium
Aspergillus oryzae No. 508* 25 Potato Dextrose Agar
Saccharomyces cerevisiae 1FO 0231 25 do.
Bacillus subtilis IFO 3009 35 Bacto-Nutrient Agar

* Isolated from bread.
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Table 3. Ingredients of minimum biotin broth
(MBB) medium and soft agar for Ames
test

Medium Ingredients Content
(NH.).SO, 20¢g
H,PO, 200 g
Mineral MgSO.,7H,0 2g
mixture
(MM) Na,C;H;0,2H,0 10 g
Distd. water 800 ml
KOH 47g
@Agar 15g
Distd. water 930 ml
@MM 50 ml(pH 7.0)
MBB ®Glucose 6g
Distd. water 9ml
@Biotin lg
Distd. water 10 ml
Agar 78
Soft agar NaCl 6g
Distd. water 100 ml

& UBGEEERR B £ U\ #E D spot test & K
RS T T,

ZDOERFHERER I TS & A o THERM IR
TRELEZVOT—RBOOEREHZ Z M TE
%, T%bb, MEVA (E3cm, HE8cm) kK
ILHOBRBTHEIZ 4 ~5H, BEZ2~7 HEAL K
L O¥ANTEKAE, RS, REERDBRW
THROAEERT, ERED 2~ 3 A4S % H
WO EE BT, §FL, 6~7H®BIH
EU7RREEID EL TEEBET 5, %G
7 REBCRESHED s TR L 2 ERIK
HEHETDIILBTES, LrL, RiEOHHEH
BV ENZEFERLRDOT, EREGFHETI LI
T&%W, LIcdd> T, TOHHFZIIZ LD, 2K 3
HBBNETH 2, vavYaynNIOFEEEE
RIFEOHBREIER 'Y B X UHE? OHFEIK
Lo TITo 7

3) I YV XAERFESAR

3 Y>3, Daphnia pulex 1R E1YIFY, B,
EERIEPY, BAR, REEM, Y afleEL,
EXRMCBEREMTHMT 2, AHEMBBSIOE
It CREET, HETE, KEABELRZE) KLoT
HEHERHLARIE LTED SIS, HRINIEE

Table 4. Culture medium for Daphnia pulex

Ingredients Content
Calcium chloride 24.0mg
Sodium chloride 18.0 mg
Ammonium sulfate 8.0 mg
Magnesium sulfate 5.0mg
Potasium chloride 0.5mg
Dried Yeast-extract 0.5mg
Distilled Water 1,000 ml

OFEORICTEN, B L WBHERMFICT 2 5h 528,
BRIk 1 PEi 2 HET 3,

B 2 Vv 3 ERRE RERAEZRIEBREN
OETFAE» SR, 22°C VEBEZ RS, HO
HEr»oBLLTHREL k> e b DERW, AT
Rz 13 Table d W iR L 72 b D% AV, MEicid
AIT, SAL 8L U LIM 2B\ 7: (Table 4),

I EBR&R
1. SEhomEt

FRE2MBLUME 1TE (Table 1) kwxiv 3
AITE ZofOFFHBHCN T 2NEE %
Table 5 27k L 7z,

I OHEBRER» S, 0.1~0.7 ul/plate O THE
RrEBXadhlz, 22T, S5IHLIAA
HERRD D, 0.1l BoBRGgREENL TEF
MHEWE TN, RPEFHRIERMIV, yl/plate)
&IV TR AR IR (MIC, ppm) 23K, Tables,
7TwRLT,

BRFMOTEN X Table 5~7TWRRLI LD
W2, AIT Tl b imofz, 72, FREBEEMELD
RN ELEEZ SN, MIC THAS LHEE
12 AIT>CAR>SAL>CIT >EUG>GER 0
TH-o7
2. HICE SERRN

1) Ames test

Ames test OFER % Table 8 1Z5R L7z, TA9R I
& A, S-9EFEMX T AIT B & U GER KLU
N THEBIFEXR LD Z BT RTEEEOER
FHHEERED oo, £z, HHBPES 16
ppm X S-9 #HIK Tt GER 16 ppm X D & %,
WL SOEERSSZEBETH o, —FH, TAL00
W& BHE S-9ESIMTI GER £ CAR @ 2 KLY
STEBIEANE L D e R L, S-OFITIRE
XigtEThot:o choORERLS, HRAFBID
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TAIOBLUZ7Vv—4Ly7 rRIDO TAIB b, X 51
S-9mix DEHFNMEC BT HERFEEZRE ko
272,

2) vavvavnz i HER

BINSC &z 3t LU T 130.35~5.26 ppm, Oregon-R
B2 120.09~1.05 ppm OMETEN TN DRKBEI
X3 BIRE (@E 50T 0EE D 2 VIRER)

BLUBZECELRM T~ (Table9), £0D&
B, g3t L BINSC # iz Oregon-RE & b
bEMETH o, TOEMRBINSCaxL T
AIT=EUG>CAR, Oregon-R iZiZ SAL>AIT ¢
HERE L, WHE LT E b AIT oFEEDHK L
ERMFED STz,

—%h, NBEIMEL 2R DOEE W DT spot

Table 5. Effects of essential oils on microbial growth

Growth of colonies by treatment with essential oils after 4 and 8 days
: Dose
Microbe (u1/plate) AIT EUG CAR SAL CIT GER
4 8 4 8 4 8 4 8 4 8 4 8 days
0 +4 [ ++++ | ++ | ++++ |+ F [+ |+ | T4 |+ | F | | 4
Asp. oryzae 0.1 - + ++ | ++++ | + ++ + ++ [ ++ | ++++ |+ [+t
No. 508 0.3 - - ++ | ++++ — 4 - + o I ++ +4 | ++++
0.7 = = 44 | +44+ | = - = - + ++ | ++|+++4+
0 ++ ++ + ++ ++ +4+ ++ ++ ++ +4+ 44 ++
Sacch. 0.1 + I N e s T I S ks = T s
cerevisiae
IFO 0231 0.3 - - ++ ++ ++ ++ + ++ ++ ++ ++ ++
0.7 = - ++ ++ - - - - ++ + 4 ++ ++
0 + ++ + ++ + ++ + ++ - +4 - ++
Bacillus 0.1 - - - + + + + 4+ + + 4 + + + + + +
sublilis
IFO 3009 0.3 - - - ++ + e + ++ + ++ + ++
0.7 - - + ++ - = + ++ = tr + ++

* —~++++ showed the growth ratio (0~100%) of colony developed on the plates.
— 10%, + 1 <25%, ++ [ 25~50%, ++ + :51~75%, + + + + ; 76~100%

Table 6. Minimum inhibitory volume (MIV) of essential oils on the growth of microbes

. Essential oil
Microbe AIT EUG CAR SAL CIT GER
Asp. oryzae No. 508 0.2 2.0 0.5 0.5 1.0 2.1
Sacch. cerevisiae 1FO 0231 0.2 3.9 0.7 0.5 1.2 3.9
Bac. subtilis IFO 3009 0.4 6.0 0.7 1.5 0.7 6.4

The numbers in the table show MIV (u1/plate).

Table 7. Minimum inhibitory concentration (MIC) of essential oils on the growth of microbes

Essential oil
Microbe
AIT EUG CAR SAL CIT GER
Asp. oryzae No. 508 10 100 25 25 50 105
Sacch. cerevisiae IFO 0231 10 195 35 25 60 195
Bac. subtilis IFO 3009 20 300 35 75 35 320

‘The numbers in the table show MIC (ppm).
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Table 8. Mutagenicity of the Salmonella typhinurium TA 98 and TA 100 by essential oils

Essential oil | concn. TA98 TA100

(ppm) — (S-9 mix) + (S-9 mix) —(5-9 mix) + (S-9 mix)
AIT 8 62.5+11.4 83.8+17.9* 128.0£16.5 126.0£27.5
16 61.3+10.8 87.1+17.9 129.8+21.8 116.0+42.8
GER 8 60.9+13.2 88.1+25.1 140.5+22.9* 116.8+18.9
16 62.4+11.0 91.2+26.2 144.1+15.8 109.0+18.1
CAR 8 63.9+11.4 80.1+£17.9* 140.5+£22.9* 121.3+20.6
16 61.3+10.8 85.8+12.7 144.1+£15.8* 114.9£15.6
SAL 8 63.4+11.9 80.6+15.9* 131.6:+£22.9 119.6+17.4
16 61.6+12.5 80.5+16.9* 120.5+10.9 108.9+12.4
EUG 8 65.6+ 9.7 76.2+12.3* 125.6+ 7.7 111.3+29.7
16 64.1+11.2 80.3+16.9* 125.3+13.4 109.6+18.1

CIT 8 65.0+12.9 79.7+16.1* 131.3£31.5

16 67.1+11.6 88.9+21.9* 127.7+£17.3
Contorol 0 62.3+15.1 89.3+21.6 136.7 125.5+17 .4

* Mutagenicity was determined by using Ames test with and without S-9 mixture. The number indicates the

colony counted in the plate.

Table 9. Growth inhibitory concentration of essential oils to Drosophila melanogaster, BINSC and Oregon-R

BINSC Oregon-R
E‘“g?l“al treated time ?r:il: a(:r hr) treated time ;(\gil: aolr hr)
concn. concn.
(ppm) Apparerit Death (ppm) Agparent Death
0.35 24 hr< 0.18 24 hr<*
AIT 0.53 119 min 283 min 0.35 39 min 236 min
0.70 108 min 280 min 0.53 50 min 85 min
1.05 24 hr< 0.09 24 hr<
SAL 1.23 240 min 370 min 0.18 32 min 51 min
1.40 44 min 136 min 0.35 14 min 41 min
0.70 24 hr< 0.88 24hr <
EUG 0.88 160 min 250 min 1.05 69 min 128 min
1.05 56 min 181 min
0.53 24 hr< 0.53 24 hr<
CAR 0.70 237 min 391 min 0.70 206 min 229 min
0.88 160 min 245 min
0.53 24 hr< 0.70 24 hr<
GER 0.77 301 min 418 min 0.88 348 min 444 min
0.88 286 min 311 min 1.05 91 min 131 min
1.75 24 hr<
CIT 3.51 183 min 258 min nt n.t nt
5.26 204 min 269 min
0.70 24 hr<
LIM 0.88 312 min 483 min n.t nt nt

* Showed a mutation wing (hairs be like flame).
n. t.: not tested
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Fig. 1 Effect of allyl isothiocyanate on the wing of Drosophila melanogaster, Oregon-R type
treated without (a) and with(b) 0.18 ppm. Upper photograph shows a mutation wing

indicating flame-like hair.

test 1T - 72 & H, Oregon-R B d AIT 0.18 ppm
RZBOTABIHECERED—HTHIAE
(flame-like hair) #EBDI0B EBD Sh Tz, *
DHE# Fig. 1 1wR L7z

3) sYvag s rRE

HEEM M D0.01~0.28 ppm AIT, SAL 8L U
LIM v 3 v raextd 2 # 2 EFBTHN,
5% Table 10 2R L7,

Z DR, T/ INBBEILEE i3 AIT T0.06 ppm, SAL
T0.19ppm, LIM T0.26 ppm T & - 72, AIT ©
0.04£0.06 ppm TIOHMTF L 7235&, B (X) 90
DHEBRBEBR L2305 %ITHSD Sz,
FHEASOZTOMOREBL BN 2,

v % =
FHE, 20, FEH2Y, KUurRiTA 527 8 X U Zaika
53 BIMRSOEBERIZ OV THEL TV,

HAEMMYRS OEBERCO DL TIR P —F 52
DIRLTWL A IELICHEFSY, Goi 524, Issiki 629,
KES2 b AIT 2HD %, TR EHIC X
3L D HREEIC L BN T L RIED
Twd, FEHTAIT oML D FiEESEN,
R E w3 3 MIC 1210~20 ppm T b - 72,
KANEMARU &% (2 Ml 88 12 it 3 3 AIT @ MIC 53
3.6~4.5ppm, TS 3, 5 L ORI T 3
MIC %3 3 ~15 ppm, HEAR? BEMAMOREZ S
~30 ppm AIT BETH2 EHEL, TNSHEW
THNOLEXREREOERE L {—HLTWw3,

—f%iz, AIT & FEERmOTTE 7 IR
LT <, M I3>8 IssIKI 529, ] &2, fiE
K2, HES, EILse, KES, RS i3
AIT # ADBRBRF~OHFHEE ZOEALZD
WTHHEL T3,

Ames test iZ & 3 AIT & FEERmoOzE REY
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Table 10. Effect of essential oil to survival rate of Daphnia pulex

Essential Dose Survival rate (%) for 0~10 days breeding
: conen.

oil (ppm) 0 1 2 3 4 5 7 8 10 (day)
0.04 90 90 90 90 90 84 80 42 40*
0.06 100 96 96 92 92 92 80 80 60"

AIT
0.07 38 0
0.10 0
0.01 94 90 90 90 90 90 90 84 84
0.10 50 50 50 50 38 38 38 38 38
0.18 30 26 14 0

SAL
0.20 20 0
0.21 4 0
0.22 0
0.01 100 96 90 82 82 70 70 70 70
0.10 100 100 92 92 92 88 88 86 86
0.15 80 68 56 56 56 56 56 56 56

LIM
0.25 60 42 20 20 4 0
0.27 18 0
0.28 0

control 0 100 100 100 100 100 94 90 90 90

* Appeared the sexual (winter) egg.

The numbers in the table show survival rate (%).

13 S-9 mix OIS & > TH TAI8 B & U TAL00
EHYRBEOERF R RE kol &, ¥3
v Y a3y Tk AIT ©0.18 ppm T Oregon-R
HOHBEHRDI0% CERAE (KE) BBDShT,
COZERERFRMEIZE BV, EREEETR
TRIGEH 3D B LIRE N 5,

0.01~0.28 ppm @ AIT, SAL & U LIM D 4L
BiJvaTthoDEBIN L TEEEZRD, %
DR/INBFERE IZFT LT H0.06, 0.198 £ U°0.26
ppm TH o7, & 5, AIT0.04+£0.06 ppm TL0H
MFEAHELLEBRD) IV a05RCHER (X)) R GE
HERE) 2B, INHPERFHICLZ LOLHE
BHEBMHRIDZLODIBIAS» TRV, KR
DEELREVESILBTHILELD, KER
TRYUPIS DV IRHEORRT 5L 2BFLL
5, BENREREREa o,

AIT @ # 1«2 D v T MuzTAR 5% |% Sprague
Dawley rats OEBEPIZ80 £g/100 g (KH) %5
L, 30EM, 3HECHEL, RFHEAOI VI —
A LRV VOB, BERBROMGHEERED, &5
W7 hVa—R, REEB L U7 v 7 F 8kt s AIT

CEoTHMT s L 2®WEL T3, NISIESW
i3 rat foetus DRRIR = AIT D0 mg/kg 5 2 %
LHEIEY T 508, 100mg/kg TCRB|ECBITS
TR & FRBGATER 2 BD T b, ZDE»IHE
BOEFED oIS, BEEZED Shkd o7,
Dunnck 539 120 rat 1210338ME, 12 mg/kg/day
@ AIT %5z 1234, 2 /4905, 25 mg/kg/day *
5 2 75E 4 /490 BERE O — @M FLEEME N € o —
< (B L WS 2 ThHB), LEBEEROER
BLUFHREFHEOZRIE*ED TV A, L1 L,
rat ¥ mouse DMETIR I DL IR T L iFEDHN
o 72, LEWERENZ 539 13 AIT OB rat ~NDHE
AMEEEHEL, BOBETETL0, 208 X U40
mg/kg 25 HME 2 7: £ 2 5, 2% D40 mg X
THAMER-FHEROWME D AILEROBL 2B 72,
F 72, 10~40 mg ¥ 5 2 - 2R TIIAE-BIBOHEE
WmeEROREER (GEHERM 2:BHTWS,
& 512, 40 mg * 6 A5 2 72 rat OFHE, KPRR- MM
RO Va—X, MBI/ 7)) R EOBY R
HHN, 108LU20mg XTbI/EPRE~DEE
MFBH ST,
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IOk, AIT BUViEE*EL, BREEKD
B¥CehHD, ERALEI-bDbd D, FOFHE
FERSEEMTH-> T, LLrbERRERED T
BRETHL:OFREN, REAELZCO/BRR
BWEEZ B, LhL, ThErRIEBMCHI-> THFE
AT 288 RAKANOER, Lxketicown
TTHRHCRE T I2LELD 5,

E| [

v avYa vz AN ELREGEER
BLUZDH % L ol mEARZRFBALILH
8, sYvvaRrHPEEIR, FOBBEOVT RN
BV S RERERKEFR IEHREL S
VPHB—BIF, 8oy avya v Ok
R EX DT IR DI PR ERFTR
2R SRR S VB R ZBIEIZ T LB
B 28HEERT 5,

V & =

Allyl isothiocyanate (AIT) ¥ & U3 EFEEHE
MRS D Asp. oryzae No.508, Sacch. cerevisiae
IFO 0231 8 & U Bac. subtilis IFO 3009 i=xi§ 231
Bt 2 AT £ > TENTER. AIT 28
BOENLERERL, carvacrol (CAR), salicyl
aldehyde (SAL) BZ N KRWTCEMTH -7z, ¥
7z, 2o OFERFEM® S typhimurium %
Ames test TP~z E 25, TASE TAIODHHE
EDLS-Imix DEIMCL>THEBOERFE %
RELZ Mo,

YavwYawNx, Drosophyle melanogaster D
BINSC & & Oregon-R B % B\ »IEp > OBEE 2
X B (R 70 3BOEEIRNRM) 2HELE
Z5,AIT & SAL D#EEBKTH o7, E bk
DHEEW DT spot test #{ToTc & 2 AXRAE
(#£F£) % Oregon-R Bz 3v>T0.18 ppm AIT DAL
BI0HZOHBERIOKICED 5Tz,

2 Y a, Daphnia pulex \X§ BRI
EZ 3, BEROELBRD s ko in, BEE
{LORHICHHIR T 2 HBID (BHERE TEIEIMEY
ZH0) DFEBHH30.04 L 0.06 ppm AIT MEX D10H
#BOIVasRBRD SN,

R, AIT KL 2HEBABREESI N TV 3D,
BRECOMmME, HR BELLCRERSHIO
THEBTILENDZ, AIT DX AEMICL2RE
REHSHES R TV, ZOHEOREDY %L
BELENOTRLETHIEHFZ>NDH, BRE

TOSHBEFBOBE I, ZBMESHLDOTIR
RuhEEZSNDZDTESEHE ORI T 2 LEL
br5,
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