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Antibacterial Activities of Grapefruit (Citrus paradisi) Seed Extract
against Legionella pneumophila from Whirlpool Bath Waters
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Abstract. We investigated the antibacterial effect of commercial grapefruit seed extract (GSE, Liquid),
which has recently been attracting attention as a food additive, on Legionella pneumophila. The sensitivity test
was performed using the disc method. All 25 strains tested were sensitive to GSE, and formed clear inhibition
zones in its presence. The minimum inhibitory concentration (MIC) values were measured by the agar dilution
method. The MIC of GSE in the strains was in the range of 97.7 mg/l to 390.6 mg/l, and the MICoy was
390.6 mg/l. The minimum bactericidal concentration (MBC) values for the test strains were also determined.
MBCyg was 50,000, 6,250, and 3,125 mg/l when the exposure time was 1, 10, and 60 minutes, respectively.
These bactericidal test results demonstrate that GSE has a bactericidal effect on L. pneumophila.
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Legionella pneumophila %, ZZHRBAGHEKZIZE
O, fEK, WRAEEK, mRAKR & o ALK
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Staphylococcus aureus 7= V3t U THE NI 2H 5 2 &
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1. HEEA

WO 7L —7 7V —vEFHiLY (GSE)
(CAP-10, HNT 77 IV (BR)) EHW,
2. BEENEPR

L. pneumophila MLE#E 1 # 1ID 52328 (No.26) &
¥RPIVSHE K 3K L. pneumophila MIERE 1 B4 Bk (No.1
~ No.4), R3Sk (No.5~No.9), [F4F 2%
(No.10, No.11), [A5# 9k (No.12 ~No.20) B &
O 6B 58 (No.21 ~No.25) DFF264k% v 72,
3. GSE &1l

fit3 GSE # A7 4 X 0.2 um, EE25 mm DT 41
AR—=FTWAYTIT T4y —2=v b (HER
T hT 47 AKR)) THRBE L. ZOREE
WEGRE LRSS RBAN - X—-T 1 A7 (EE
Smm, E&1.5mm, 7 KNV F v 7 HEMER)) 12
DET ORI LS LAAEY, RHEMIZS50 ul
RIS ETHREABH 71 A7 £ L7z,

R E PR IX BCYEa ERF . ((Bk) BRF Ak
Brgeir) ICBk L, 37 C T3 HMEER, HE2H
SEHTHE IR - TREAZKIFEE S, McFarland
No.1 (108CFU/ml) ML OEBEICREL L, TORW
100 ul % BSYE ER K7 ((Bk) HF AW EFHEZE
BT Wi TR, a2v9—UBTEmICEEL, Rl
DAL S T 6 SIS VER L 72 IR R 7
4 A7 BEBEREICESESE, 37CT7THEEEL
Too HEEW, K71 A7 FMOMIEH O &2 H5%E
L, TOE£EZME L,
4. GSE @ MIC i#ll5E

FiE W E O MIC HI%E T & 2 FE R PAA L 12U
L7 TbH, il GSE @ H 2 HEEARL,
Zomlu Ty v¥—LIZGEL, THICBSYEEKEH
#18ml FOANTRAL, KiRED GSE FHE#
VR L7z, PRI RS ERER & FRRICTERL,
3075y~ MIT-P (%) EAHECERT) 2 H
WK PR L 72 SR 37 CTT AREE
#, BB OTHREEICBIT 2 MREKROEF D
HHEEEE L TMICEE RO 72,
5. GSE O MBC #ll5E

FED IR A 7T L— b ((BR)7F7A4F— -
T8 Y) OFFITHRBE AL K% 100yl $O57EL,

IR GSE (10 BARGEH) % 8 AN TR
L, 2BEBAERRIN R L, ZhbD%
SIS MR & AR IR L 2B % 10 pl 37200
2 TERIRT1IRM, 10450, 605 HEFER, &8
L AR ISR S 10 ul $ORML T
BCYEa ZERKEH ((BR) HAfAWIESAFse ) HIcA
Fy b L7, TOFHE37TCTT HEEER, AR
vy FHNOEFROEEYBIZEL, HHEFEF LRV
B/NGSEREE A2 HlE L TMBCHE E L7z,
6. GSEIZ X % EER

pH7.0 D) ¥ EE#F A 200 ml |23 GSE & iRk in L
T 1,000 {5 (1,000 mg/l) & 10,000 15 FRE
(100 mg/1) HAEBLL 7o, &KW H B
105CFU/ml & 72 % & 9 |2 L. pneumophila TID 5232 ¥
(No.26) & /K H K L. pneumophila LTETE 5 FF
(No.12) OF 1% FNENHEML T4 CITHEL
7oo BERETR, 143, 347, Sorfkal I L IZEUR & BRI
L, BHIZBCYEaZERKH ((Fk) BB AW E
gEHT) 12100 i §O®IR L, 37°CT7HMHEER,
R E M A L2, 70, pHO.0 IR L -4kl
WTHREIBDOFEEBRTIT> Tl LA, S 512, pHT.0
ORFEWO P ICARE FEOE, FTETW)) %
1% DEEITANT60 5 BE R, HHAGSE Z A=
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1. L. pneumophila \2x33 % GSE DPLE G

ZAELFE FRIE 17 mm ~ 25 mm O P T HIBE 7 fHIE
2B L, FHHE20.8 mm, EERFZE2.4mm TH
h, BHRICEZZIZITZLAERDON o, £
7z, FHIEFAOKE S 2 mEHIIcEL Ty, F8
fEIZ 20 mm ~ 22 mm T, FFICEITRO LN o7,
Z® X912, GSE L. preumophila (233 L TH G
RYURTER &R L7z,
2. L. pneumophila \23+$ % GSE @ MIC 8

HEERH AR O MIC BFES AT % Fig. 1 IR L 720 MIC
EDHFIE 97.7 mg/l ~ 390.6 mg/l %78 L, MICHIE
3% (8f%) LN L Twic, £72, MICs &
MICyo tx 371 % 390.6 mg/l TH - 72,
3. L. pneumophila \Zx375 % GSE & MBC &

MIC i & [EIRRI, HERREER & O MBC B A
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FIG. 1 Cumulative distribution of MIC of the
grapefruit seed extract against L. pneumophila
from whirlpool bath waters.
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FIG.2 Cumulative distribution of MBCs of the grapefruit seed
extract against L. pneumophila from whirlpool bath
waters.

A: 1 min, l: 10 min, @: 60 min

% Fig. 212" L7z, B AR < 2 2100 - T
IR T O RW S N A EMDFLD Sz, MBCIEO#H
BHIE, HeMiEER 14Tl 12,500 mg/l ~ 50,000 mg/l {2

AR L7012 L, ISR 10 5Tl 1,563 mg/l ~
6,250 mg/l L KB IC R Y, BEAEER 604 T3
7813 mg/l ~ 3,125 mg/l TH o 72 T I OFEfhEER
NTH3E 8fF) DINOGAiEZRL, FELL 72 Hm
ThHolze Tz, KHEMEEE TO MBCs L, Bl
14, 1047, 604 TiX, 12N 25,000 mg/l,
3,125 mg/l, 1,563 mg/l T o 7275, MBCyld, #h
£ 150,000 mg/l, 6,250 mg/l, 3,125 mg/l T&H -7,

4. BHEERRLMTICBT S GSE HTD L pneumophila

DHE AL
pH7.0 & pH9.0 D) > BE#RE W B & S pHT.O DY

9 - 10% 2004 4

PR 5 BT LA A 8 & RN L 72 ¥ WIS GSE % 100 mg/l 35
L U71,000 mg/l DIEETINZ, ZUZ L. pneumophila
AR L CHERIR R O L o R B L7 AT,
Z ORGSR, MHHE L 7Rk O 11D5232 #k &L A8k
ErkIE, & HICEERE 10 DNIC 99.99 % B2 B
RRDVBO O N, BHREIOZERITRO Shidholz,

£ K

A, 7FL—T7 7V — v ETHEY (GSE) 3K
PRPUEA & LCHEE SN, EWEAXRY PV E
DZEDTHLENITE > TWEEY), bAETIE, 1
BES O DR REMAEY K L THE IS 2320, A%
ZHREOLMLEATHLEMELTBY, 2o%Ret
IZOWTHHERLTWA, 72, GSE T OHEIEME

PR EEYEIIENNRCE T L THLEI LD
BHENh, ZOXAHA8E LT, TOWEI A
YoM BB 23 L, Mg s 2
CZXOEMERIET L Z LWL DI ERTW
Z) 10, 11) °

40, EHELEFI LR E B F 2,
23X 9 % GSE DHLR AR E a1 5
72T, TARAZFEIZLAMEEEREZ T2k
25, $RTOMKEHRTHIEMHAZD S5, B/
PEPEEM R L7, £/, HIEMAO K& i
17mm~25mm T Y, WHHEIZX 22EEDHN
2702720 GSE & F\ 7z S AW o33 2 PUH R
Ao ToRERILZHA SN B 7689,
T APEERICET BTk
<, SROKRERETLZEIRNETH- 72, &
»ThH, GSEQWFEILTH L AN T 74 3 5V (%)
DGR 1D T X, Escherichia coli, Salmonella 3
& ¥ Staphylococcus aureus @ MICoo X+ N F 1
200 mg/l, 100 mg/l, 25 mg/l TH - 72, SRIDEERT
1%, L. pneumophila 2379 5 GSE ® MICgg &
390.6mg/l THY, TNOLOEEELETLE, #2
Do 16 VA2 R L7z LOLEAS,
g—p —13,14) @,\_7“15> DA HE ST W
AT, RIHEGEEOB VI — v —fphk s 7
A VEERL O VEED 625 mg/l & BT B &
PREES R eEH W b oz, $72, MBCH
DIBTIE, AR 60 5128 VT, GSE ® MBCy
3,125mg/l THY, a—bv—KBHETT by 7
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F 20 5,000 mg/l R 7 T H 7Y ERD > 5,000 mg/l £
DRBEEEE R o7, S5, FEREERICE
VB RREE R AR B D ZALTIE, GSE100 mg/l &
1,000 mg/l DT HDEEIZBNTH, 155U
99.99 %Ll EAFRBE SNz INHDOI EDD,
GSE100 mg/l #{{N$ 5 Z £\ XV, L pneumophila
A L CRBEIEESE T A LD, GSERER R
RKABHANCTHL EEZ HNT,

L=
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DL KRB OMBEEA T 720, T L—=T77
V— vV HETHHY (GSE) 122\ T, L. preumophila
AT BB R AR Lo 25, DU OB
BmonTz,

1. L. pneumophila \=x+$ % GSE DR G EER % 17
ofzk A, HE L7225 BifRIZ 17 ~ 25 mm O#
FICHBEZBIEMNOEREZRL, FHER
208 mm TH o7,

2. L. pneumophila \Z3§3 % GSE O MIC i % & L 7=
£ A, #HHIZ7.7mg/lD 5 390.6 mg/l XN L,
MICop 1d 390.6 mg/l TH - 72,

3. L. pneumophila \2x33 % GSE ® MBC fli % il L
fob A, HPIZEMEEE15, 109, 60T
12,500 ~ 50,000 mg/l, 1,563 ~ 6,250 mg/l, 781.3
~3,125mg/l # /R, MBCg L 155, 1057, 6077
T, FNFN50,000mg/l, 6250 mg/l, 3,125 mg/l
ThHo7,

4. 40 CIZRIR L 72 pH7.0 & pHO.0 ® V) » FRR MK I
LU pHT.0 D) ¥ BRAR I A BE &2 IR L 729K
H11Z GSE100 mg/l B & 181,000 mg/l % & &ia 0 >
IV TRERERR & B K TR AR 1265 5 GSE OF
B AW Lo 2B, WO TH HiE
FE% 14 DAN T 99.99 % 25K & L7z,

bz &7 5, GSE it L. pneumophila \ 233 LT
PHEECRE R R T EPHL R E Lo T2,
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