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Shuntoku UEecHI, Yukio ISHIMINE and Fujiyva HONGO:
Antibacterial activity of essential oil derived from
Curcuma sp.(Zingiberaceae) against foodborne pathogenic
bacteria and its heat-stability
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Summary

The purpose of this work was to study the antibacterial activities of the
essential oils against six bacteria strains. The essential oils were obtained
from Curcuma aromatica Salisb., Curcuma longa L. Curcuma zedoaria Roscoe
and fermented turmeric. Except for fermented turmeric, the essential oils
were extracted from homogenates of fresh tubers by steam distillation
method, and were then sterilized by filtration before the antibacterial tests.

Their antibacterial activities were examined against four gram-negative
{(non-01 wibrio cholerae (NVC), Salmonella enteritidis (SE), Enterotoxigenic E.
coli (ETEC), Enterohemorrhagic E. coli O-157 (EHEC)), and two gram-positive
(Staphylococcus aureus (SA) and Bacillus cereus ATCC 11707 (BC) ] bacteria,
including foodborne pathogenic bacteria.

Both a disc diffusion method and a broth dilution method were used for
evaluating the antibacterial activities of the essential oils. In the disc
diffusion method, four essential oil specimens inhibited the growth of bacte-
ria used in the test at different ratios. Curcuma longa L. showed antibacterial
activity against all the bacteria strains used, but each of the other oils did
not inhibit the growth of two strains of bacteria among six bacteria used

in this test. In the broth dilution method, the minimum inhibitory concentra-
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tion (MIC) of Curcuma aromatica Salisb., Curcuma longa L., Curcuma zedoaria
Roscoe and fermented turmeric against BC that had the highest
sensitivity among six strains of bacteria tested proved to be 0.018, 0.281,
0.035 and >9.0% (v/v), respectively. In general, the antibacterial activity of
these oils against the other bacteria except for BC was moderate.

In addition, the effect of the heating the essential oils on their
antibacterial activities was also examined. The antibacterial activities against
BC remained unaffected after heating at 121°C, for 20 minutes.

®

I

v il ay HE (Zingiberaceae) 7 V7 RBOESEMERT, BEMIIRFE 7T I THE L VD
N, RETITHAE L AN FO—HRIZFGHA L Twa, WRETTHEEIA TV 20iEYa s
(Curcuma longa L.; #6%:, kw2 2), ¥a v+ 7 (Curcuma aromatica Salisb.; ¥k, ZF&wv a2 >)
BLUH Y 2 (Curcuma zedoaria Roscoe; ¥, ¥ ) O 3IEENET, BIFKOBEIE
H, &H, FFRBIV B2 LECHEVWFITONTVS. ABIZTTINRO X RS20 LEL
WA, MEABUVICT LA LYIEIRENDoRER, Fa A3 LE®E, VY2 vidH
BIIHFFEBRLEL TV L0 THIIESLEDE. ZOBEOECIEL L TREFDOI LY IV
(curcumin; HEBEE) DEEFEDEEIZIALDT, EZOLIFNOR BRTHI-HE L I LY
IVEHABRPRODELLDEYIY, KXY AYT, HYaVICREEALEETA TR,
725,

vayiEgo b, ELEY FBIUT LV EAVCEHYERIIBVTERIZZD LTS, LMD
EbOTEVWEAEYMTHLLEbNA, WS/ Yay, FavtoBIPHFPavidENLIOF
I, HEIVBEBRHERRZATA ZAHEVIEER 2 EEBAOBmICMITENTHBIIEY)HER TV 5.
FmOBHEOBRE SXCHBHIEORBRLELH > Ty I OFHEREAOHKIIERS R, T
BaneBbhsy, ThzEIRLZE FORKIKEABTRIEIZILFEIZRATBY Y, 7o r»EL
AR, BEMEHEAAEL TR LAUDTEVANS., FOFTEEPRSTHL 7L I 2120
WTIIHFEEA®, PIBILIER™ B X UAEARMBIER® 2 EOERMICHL NI TS, 2
DIV IERED ) —OOEHESIHEERSLEE T LKW" TH L2, VA 0E#D L
WIEtE, REICE T IANI I VEREBYVRELRDEDBE A0 %EZ 5L, FHEADIEGENMD
FRENSDOEEBNEFRENEDOOWMENAH LT AHTH S

FICEABTIIMBEENY Y, Tavdy, FPaVBLUREY I OZERIZONWT, —B,
HEOFEE £ BT BEROERBREO-15T2 U EEORPELENME 23 7 5 B EEFICOVT
ML ETOMRE2B/-0OTHRETS.
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Table 1. Terminology of Curcuma used in the present study.

Botanical name Japanese name (common name) Sources
Curcuma longa L. Ukon(aki-ukon) 1
Curcuma aromatica Salisb. Kyoou(haru-ukon) 1
Curcuma zedoarta Roscoe Gajyutsu(murasaki-ukon) 1

- Fermented turmeric 2

Sources 1; University of the Ryukyus.
2; Ryukyu Bioresource Kaihatsu Co. Ltd.

2 —MBEP, H711 LU 2ZCDORIE

Iy, XavAYBIUHT 2 VIOV TIEIAKELAHERELH ImOESIZZAF 4 AL T4TC,
2ABEEE IR, v 4 L—KBEE (SHFEF ) THFRRIZLAb0EHV. BEEY 23
SaxF0FEHV

AR RS ITIED (S T L 7o T b b, KOS H SR, KO BB,
My Sy By — ik, IR Y v 2 AL — ik, HERIE AOAC TS » THIE L, #Aft
WIS S DRMEEN T2 A BLUY v = OREBEI025% L VTHILL, #7724
YBIUY Y2 OEBIEBONESTEY (680 THHT L.

3 HEMHER
i EEARE L D HEHmORI
vay, ¥avA o BIUOF I AV OHEARES I X —TERL, £0D200gi2/K300mé % MR,
<7 MV — ¥ —TI3BRMAEETAI LIZL ) EFMEEL. BEY I O55 38R H K
100gi27K650me & MM A [FIAE L NEA L THEBZ 1572, SO E AT 7408 — (04637100 2)
THEREE L CHEEHEEHORE & L.
i EEER
Mtk e L CRERARELY B3+ 7 Y 4% (Non-01 vibrio cholerae : NVC), # i
4 58 (Salmonella enteritidis : SE), B FEETE A5# (Enterotoxigenic E. coli : ETEC), W5
e Ak KBS O-157 (Enterohemorrhagic E. coli O-157 : EHEC) B LU HFRAAETH LB
T &M@ 7 FYERE (Staphylococcus aureus . SA), L 7 A (Bacillus cereus ATCC 11707 :
BC) o5 HfE6 @ikkE A7z, K2ICHRY A MERLA. B, Ihs0OEKIIMPRBIREER
SRR o5 3R,

Table 2. List of tested bacteria.

number  Becteria tain
1 Bacillus cereus ATCC 11707 (BC) +
2 Enterohemorrhagic Escherichia coli O-157 (EHEC) —
3 Enterotoxigenic Escherichia coli (ETEC) —
4 Non-01 vibrio cholerae (NVC) —
5 Salmonella enteritidis (SE) —
6 Staphylococcus aureus (SA) +

n AR
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BT v T 1.5g, BRHKRTg /L B, @713 & (B2*¥X3g, X7 h10g, &
ftr by a5g/ /L i) BLOEEEREH (BELX225g, )7 hr5g 7FUHE]
g, EXBEK15g /L, Kif) AV, HOKRIIIEEEREY (A-¥X5g, <*7F~10g,
HILF rY 7 L5g, ERHEISg L Kb TR

v HIRIEEORIE

WHOREERITT 1 2 7 HBEE 71 3 U ERAERE (—H%E) 028)FETHZEL L.
9, FARAIEBECIVHEEROFEFHAR, I TEEIEOSAERIIOWT T A I
CEMAEFIEICL D R/AVREMIEEE (Minimum Inhibitory Concentration ; MIC) %K 7:.
Thbb, ¥@BTA I EMTITC, —BREELERIZER S v — L (90X 20mm ; &%
BF) ML, 32—-95—k P SEREMOMEMZ CHEL LCEML, H—2EHEKX
SEARAAVER L7z, FAR BRI H50 u 12 RN L 72X —/%— 71 2~ (ADVANTEC, 10mm) % &
X, BRX A THEMEESESE, 3TC, UNHEER 71 A7 OBBICEPET L2VERD
ThHLLHIEASER S NE D ED) DEF. R—8—F 1 A7 1 3E%HBE L THY, BEES5
Mo 714 27 OFHEE (BIEMERm) TRLL.

RIZZDF 4 A7 PRk THIEAPRS S 2B S IOV T MIC 2k, b b
9% (1.8m¢) (Zx+ L REiEM Tween80% 17 (0.2md) MNZ, Thid LI 2FEREFREIZLD
BHRINT A 3 EROFFRRTII0EK (9.0, 4.5, 2.25, 1.125, 0.563, 0.281, 0.141, 0.07, 0.035,
0.018; 1 mé/A) R1ERL7:. E&E7 M I UEATITC, —BEREEL-SHEABEERDOI0EHFRE
50p | ZEDOFMRRFNORICEEL , 37TC, 4BRHEEELL. KWVT, RIPTORORFOH
WEHET LD, FOEERIIMNEZER S v —LIZEEL, SBEIBMEE 2 VWEEEX
BE#o0m 2 Nz THEIZSTT, 24BEMEEL 7. PR ECOROEEOFELHEL TMIC 2HE
L7, BORBFEEICHIES hi-Fmok/NgE% MIC L.

4 BETEMRR
BHORLTEBRBRIZRD L I 2T ko7, RUAAF v v T EFRICHEHE ANRTEH -7 L—
TIZT121°C, 205 RIhnssnss L 7:.

74 R 7Y A TR ORI# THIEMOBEEL KL, MEEEORLE@~2. #HABL L
T6HEKROHTETRTOBMIIA L TREREIRD BHZ 7Ly A ZHW.

BRBSUEER
1 {EFHS

—RES, N7 A BIUY BB OREMSRERIIIRLA. PUEERM D 2 VIR LERE

Table 3. Chemical compositions of Curcuma longa L..Curcuma aromatica Salisb.,

Curcuma zedoaria Roscoe and Fermented turmeric. (% in dry matter)

Crude Crude Carbo- Crude . -

protein fat hydrate fiber Ash Catfeine Tamnin
Curcuma longa L. 10.3 2.1 71.7 6.4 8.9 - 0.6
C.aromatica Salisb. 16.5 2.9 66.0 6.7 7.4 - 0.5
C.zedoaria Roscoe 124 2.7 73.0 5.4 5.7 — 0.8
Fermented turmeric 10.1 8.7 58.3 12.3 9.7 — 0.9

—:Not detected.
The amount of carbohydrate was estimated by subtracting the amount of crude protein,
crude fat,crude fiber,ash,caffeine and tannin from 100%.
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fFomay, FavAwBIUH a2 VIIOoVnTRAE, —HESIIBVL T3 GEHTHINOK
SIZh BFISBVEEDON Lo 2 BRI 2 ~ 3 %O&EBEMNICH - T O, RV THISHE,
K5, Mo 2 BONET, RAH D E L TH~T3%DHFANIIH 72, FlEy a2 EHTE
B o L CIIHUERS & HBHES R BV MEE R L T, Z VSV ERBIETRNTORET 1 %LU TOK
WHEIFEMNIICHY, BT A v iECThoRErS bR S a7,

2 Yhmk

HREOEWI00g U7 ) DYLGHEZ KA IR L. FRICEEET 24 2l ik EHVEZRL,
KWTHam+oa21Tm, HParyh1.62m, EEYIVPRLALTIMMTH 72, T3,
HToayBIOFavtvidE 35 TS LAHEREL ALY, hREIC2HEUEDENFALR
7o, REEY O L TUUHEN L LoD E ICREE - MALEL CORETROZEIILLILDLE
2N, BB, vay, FavdvBITH Y 2y 3EOEHINMEIZATERL, I OEI
McCarron 5 DHE"Y L RIZFETH - 72,

Table 4. The volume of essential oils obtained from Curcuma longa L., Curcuma
aromatica Salisb, Curcuma zedoaria Roscoe and Fermented turmeric.
(ml/100g dry matter)

Curcuma longa L. C. aromatica Salisb. C. zedoaria Roscoe F%ﬁr;lrgréi?g
Oil yields 4.12 2.17 1.62 1.54

Except for fermented turmeric,fresh rhizomes were separately subjected to
hydrodistillation for 3 h.

3 nEEHE

1) 74 A7 IEGEC B 5 HIE P

ATEEOY 2 VRSO X7 1 AV IEEGE TIREESE R AN, HREKRSIIRLAL. varidrrY
TYAE, YAV ELSTHE, EEEEABE, BELDEAKBEO-157, HE T FYKEABLIUEL YA
HosHEE6 e IS LTCHIEMEZRER L. UL, FavAr ERBEY I TEHERRETEKR
BB B It KB EO-15TOM AR E IS LT, #FYavyTclRILELATHEBELOERER

Table 5. Antibacterial activity of essential oils determined
by the disc diffusion test.

(mm)
Diameter of inhibitory zone
. . . . Fermented
Bacteria Curcuma longa L. C. aromatica Salisb. C. zedoaria Roscoe turmeric
BC 16.1+0.2 17.8+0.6 15.2+0.3 13.1£0.2
EHEC 12.4+0.2 — - -
ETEC 14.4+0.2 — 12.440.2 -
NVC 12.0£0.0 15.1£0.2 16.5+0.5 12.7+0.3
SE 13.6+0.4 11.7+0.3 - 11.8+0.3
SA 15.7+0.3 13.8+0.3 13.0£0.0 12.0£0.0

Values are means+S.D.
— : No inhibitory zone was detected.
List of bacteria is given in table 2.
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O-157TI2xf L CERAFRHIEABESED SNk ro7:. $hbhd, 73 OFBFICIVHEAXRS b
WHRL D ZEATRENT. AR T 2BEMIE ST LAGHEROLD T 7 LBHE L) bEV
EubhTwaa™, EZLOBETOEL Y ABLERT FYIREOW Y 7 A BHE IS4 O il
FARTCIK L TERSEHT, COETEREROMBIZ—K L. T3 ORlHICIITEEELE TS o-
pinene,cineole, terpineole, terpinolen % &A&F N TV 524" | SEHEEMIC Y 2 ¥ O miERH
EFBOLN—HELT, ThOESOMBEERS ICEND S VISHBN L EZRPH b DL
HE L NS, McCarron H DHED TIRER T FYEREIIH L THVHIBEESEZ /R 3 -pinene? &
Curcuma longa L. DEDRFIZIZTHFEL, BE»SIRE SN TRV, —J, Sharma HDOH
10 -1+ McCarron & & (3@ -> THRED?S L/NETIEH S5 f —pinene UL THB Y, FLLII
IREHE R T AR BREIERSOER O EREMER L TS ERRDL I EAREINTVS.
BIMOWEIEA Y OEBTRBIZL > TEILLALOHEY bROSNDZDOT, 7aOEFIfE->T
HEHCHEARZ PARED LI IZELT A0, H5VITHEHBRESIERLHERLTLE ) E
SOOI LELELEDT, FRBRTEADOLNHMEEREDOREMEL LIZOWVWTRA BRI LR HRFNFLR
y (W

WEHEF R 5HIEAY 1 ZicEHBT5E, w3y, FavroBIUPHTVay0FHERVTR
b14mbl ETH o 720t L, REEY a2 Tk 12mT, FiEMof/MEEmARO bRz, kB, »
FHOKHS HOZZEROPTEL 7 AEIIH L TRAROEIEHZ T 5 &) t@ahr AL,

2) BRAREHILBE

FARAIEEEICL DAL ) — = ORI O 7 2 FMICITEEEOH B Z 00, F—
Bk (L A ST AEEAOKE SICRAH SmOENRDHHLN/2DT, KIZME 4 DFEHON
BIEHOBMI A MAL-OICTA I UEHFREICLY) MICEZAIEL, R6DEREEL. TI VPR
LEVHEIENEF R LAEEIE LY AET, KWTHB 7 FYEE, F 77U FEOIET, HILVEL
SH, BFEEMABES L UBEHMEARBEO-15TIZHT 5 MICIZ9 %L ETH 72, Fat,
HoavbwarvEbtly AT AiEE R LE L, MICEIZZEN£10.018%, 0.035% TH -
2oomay, Fawdy, FHIaVICHRTEEY I OHEEMEEEE <, BIEMASER 5 N48 Kk
T A MICIEWTFRS 9% ETHo 7. Bl L7k ) ICKEEEY 2 v TREILF O 4 XH A
IHERTPAEDTH o705, THIZIBIGHEDEEAES L TwbbntEXLIL. THICBITELE
HERTHLEBT I BV TR BREEEIHRFEL TV EAHL ML >0, ThEER
LB EnERNRELAEZETALTOEELRHRO—DEEILND.

Table 6. Minimum inhibitory concentration of essential oils against six
strains of bacteria determined by the broth dilution method.

MIC (%,V/V)

Bacteria  Curcuma longa L. C. aromatica Salisb. C. zedoaria Roscoe F iff;lriréffg
BC 0.281 0.018 0.035 >9
EHEC > 9 - - —
ETEC > 9 — > 9 —
NVC 4.5 0.141 1.125 > 9
SE > 9 > 9 - >9
SA 2.25 2.25 N > 9

N : Not analysed.

— : No inhibitory zone was detected by the disc diffusion test.

Each of the oils was tested at concentrations ranging from 9 to 0.018%.
List of bacteria is given in table 2.
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AEBTHEESAZAERAETHSENARE L L TRLELOSVEERMERBREO-15TIZx L T
O HEAHEERA R L2 L ThE. TOMBEICHTLY o OREERERHEIIND
THALNT W\,

4 BEEM

MBI OF & CHBMOMEESE A, XRT7TO£HRLEL. MALEFZTOMENY 1 XDZE
(I AT O — IR E OE) 1 TFHER I R85 E4 1.6~ +0.5m, 4 EOBEHEOFHETRLEE
A—03mERL, TNCEEHBANOEHEEZZ LN, LdT-> TI2IT, 2055 DONNBMLEE TlIFH
OBEIESICELERO ST, LY AFIIHT 27 3 U BEOREIEHIIALTENTH L LI S
nr:.

Table 7. Influence of heating the essential oils on antibacterial
activities by disc diffusion test.

(mm)
Diameter of inhibitory zone
Heating Curcuma longa L. C. aromatica Salisb. C. zedoaria Roscoe F(tear;l;régfia((:i
Before 16.1£0.2 17.8+0.6 15.24+0.3 13.1+0.2
After 15.6+0.2 18.1+0.0 16.8+0.7 : 13.0+0.0

Values are means*S.D.
Bacillus cereus was used as test bacteria.
Heating-treatment was done at 121C,for 20 minutes.

2 M

may, Favdwy, HPaVvBIUREYIUALEERFETHEOAZEEMIIOVT, —Hx Y
e hEARRME S EHHE 6 I AMBEIEN Y T 1 A ik L T 3 RS AR R TARGE
HWVTHEANL.

TR A YEREFHOTHEEEOAEEZ A ) — = 7V L7, BlEES0y | #_R—/8=71
Z o IcEMAEY, FNASEER TR IS /2F 3 TITC, 4B EE, HIEHOBROH K
YEZEFHELS:. FOEETRTOMRRKEHKR, ThLLF7ETIAE, $LEATHFRENEK
B, Mt EO-157, HE T NYHEBLIOCEL Y ARO 6 BRI L THIEMZRRL 7
DX AL TH o7 Favdy, HUavBIUOEMEYI IV TRO6EKPIRKIZN LT
7T IEM R L 72,

KD T A4 I VERERE  ERERELHCT, HEAPFZSO S AGEII oW TRAEFMRILR
B (Minimum Inhibitory Concentration ; MIC) % #~7:. ¥ 4&b b &Rl 2 FFERREHHATI (9.0
% ~0.018%, v/v) b b7 A4 IR RFETEREL, MICZHIEL. ZO#HKY72, X3
YA BIOAF T avoOnTFRLENLL Y AR L TROBVHEEEZ/RL, MICIZ0.281%,
0.018% 3 & 10°0.035% T - 7. FBE~ I > OIEFMEEIEL TH5 <, MICIRVW TR 9% U ETH > 7.

B ABIMOBREERIZOWTEL Y AFIIHT AHEENE L EIEIC 7T 1 A 7 HiuE v TR~
Y22, 121C, 05 MOMmBMETIE WThoFEII O MEEEOKR T RED SN L7,

COWMREED DI o T, BERMYEANRBEO-15TI2 BT 2 EERT i IR # A REA 72T O A
BEKO JIEO FIZEMANRNTIT 2 -7z, JJIEHOTERLIT.
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