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A comparative experiment on the three kinds of disinfectant used surface treatment against Xanthomonas citri pv.
citri on citrus fruits. Norika Hara?, Shoichi Fujita, Yuko Satake, Takasumi Naruo, Tsunehisa Sunouchi (Kobe Plant
Protection Station, 1-1, Hatoba-Cho, Kobe-Shi, Chuo-Ku, Hyogo-Ken, 650-0042, Japan. ¥ Research Division,
Yokohama Plant Protection Station). Res. Bull. Pl. Prot. Japan 56: 9-12 (2020)

Abstract: Xanthomonas citri pv. citri and X. citri pv. aurantifolii, pathogens that cause citrus canker, are listed as
quarantine pests in the EU. To prevent the introduction of these pathogen, the EU requires third countries where
these pathogen are located to conduct the surface treatment of citrus fruits being exported to EU countries. At
the time of this study, only sodium hypochlorite (SH) could be used in Japan. The purpose of this study is to re-
search the possibility of using peracetic acid (PAA) and/or strongly-acidic electrolyzed water (EW) as an alterna-
tive disinfectant to SH against X. citri pv. citri. Therefore, the disinfection effectiveness and degree of damage
caused by the treatments were estimated.

The test results showed that no X. cit7i pv. citri was detected on fruits treated with 85 ppm PPA (1 minute), which is
the same as the 200 ppm SH (2 minutes) treatment. On the other hand, X. citri pv. citri was recovered from citrus
fruits treated with EW (2 minutes). Also, no damage was observed on PAA-treated fruits. From the result of this

study, PAA treatment was considered to be an effective citrus fruit surface treatment against X. citri pv. citri for ex-

port to EU countries.

Key Words: Citrus canker, Fruit surface treatment, Peracetic acid, Strongly-acidic electrolyzed water

FxIN# 4 (European Union; EU) &, 7 ¥ F Y20 X HHED
RIS CH D Xanthomonas citri pv. citri S US X. citri pv. aurantifolii
EREAEMPICIHEELTBY., SThHoRAZE S0,
EU 334 RN Ly EU IR ICHN S 2 7~ F v REO K
BMWEZRL TWD, RBIFEFEMRTlE, KIIEZEERF M)
AL BUBOANRHARTED HNTWD, REFZEO HWIL,
W PEER N OSURER M B RK A X citri pv. citri \2x0Hd % RIS 3
FMITLORBGLELLEENETLILETHY .. KRR
OB AR I G- 2 B BEEDOF IOV THERE L 720 3R
ORGSR, KUIEFEREF MY v 2 (200 ppm. 2 450) 12X B
PR L[4 2BEERE (85 ppm. 1 40F]) OME 24T - 72 BENS
FMFEH IR S N o T2e — 5Ty 2 4 0 SRR R
KALPR % AT 5 72 R FED BT UMW O EWAMIN ST &
7oy BFERRALPL A AT o 72 RFEICEFEZI R S N dh o 7o AR
5 EEEEEIC X A0, EUMBENG S 3y DX ctri
pv. citri DEMB WA & LTHREE Z iz,

#

il

HvEFY W E I (Citrus Canker) (&, & ¥ F 7 O HE
B X OREICHOES I N 2L L 2T OB 2 TR
B0 B X D REORGIMMAL ZALT S8, WML /TS L
BN ZIEREI L, BEE2ELIRTIESLZ L2
% (34, 2010) WM & % 2B (European Food Safety
Authority; EFSA) 12X 5 &, & Y F Vv X 95 905 EA#
& 72 B Xanthomonas citri pv. citri . O° X. citri pv. aurantifolii 1%,
EUMMBEMNICEALTE 5T, EUMBEMNICREA - $AE
L7728t oy FVEEIREYVAZEZH5 2L TS
(EFSA, 2014), BAEDPS DN v 3V HEEEEN LDV F
M X R O EU BNANORAZB; 7, Rz B §
LM B 2154 (Directive 2000/29/EC*, PLF, EU #ifisx
B & WV)o) IZBWT, X citri pv. citri & / B OY X citri pv.
aurantifolii 3545 L CWAE (M) LT, 7 v F UM
REOUEHIIE Ui 7o TR EMPWRIE SRR STV S,

O R A B 95 T AR AT S
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FRMPBESEE LT, DY F PV EIROEIRZRELT
WHRWRETH S Z &, VMR AR LERREZITH) 2 &
DERPBIEEINT WD, HARTIX, X citri pv. aurantifolii O
FEANTFER SN TR VDS, X citri pv. citri 15 < A5 L TW
% (HAKEY o LA 23/, 2020) S & A5, EUMMBENC » ~
FOREREZEILL L T8 EUDEREH T
VDD, TNFET, HETHR L RO LN TV 5 EEKE
WL, A RN SRR EE 200 ppm B LR HEIEFEEE S MY v A
AIEWNZ 2 530 UL LR E§ 2 FIEICHE STz, i,
2018 4F 1 H. EU PRBEAFRAANIE S v, i i S P e 1% B
A YFEYPOCIIIFECREY DL EBDDLHDTH - T,
HHNC EU BB R 2 @M T 5 2 & & SRR mA S
MBFEERBINTE DT L Loz, Fi-e KB EH] - itk
WCE D RMMBEEME L LT, HROLHS M h v F
VRETERE, R A O = — XA D8 72 A B AL o 5
DBHAT N, WEEDO IR I EPEZ HN5,

ENRFMHEH T A2 EWANL. 7 F PV )RR L
THoRBERNIZHELTNADAR LT, HRTRRELHE)
125 &9 ENOATRES T, MR BHSEOHIBROA
WHEEBTLILE NS D, COZL2HT 2. BAEOKHE#
[ b)Y AKERPDIHCENTERRI E LTEHEI T
BYh XY REAOMIHATED T 2wl 551 % O
FRBWA OEERIEEFKD 2 FIABWRHEIEREE S V) 7 208
BB BWANC LB RNRH L EE 2T BB K
ElZ3B\WTid, 85 ppm OMEERIC 10 7 > % v REZET
SED ARV IIREHT ERELHO—D L LT
AHHNTHY (Parra, 2007 ; USDA, 2016), RFEDINHEE)
REUNOEMET O RKMMBERICH WS TWw B2 (USDA,
2018). HARTHHES N/ v F Y PV X ) FHE KL HARED
BEZHVRBRIEESN TRV,

D72, AWFZETIE, BFERR R UL IR BRI L 5
JUERASPEAT O WRHIE R ™) 7 A RKIEW A U 728 e i
FHEEHE L WS LOREIREH T D02 MEET 5 2 &,
KO, HEHEEPBRFEGZLIEEOFHAPGEET 22 % H
e L TREREIT - 7
MARERFEMING I BT 5 EU ORIl 2019 48 12 ] 14

H LLB%. Directive 2000/29/EC & Regulation 2016/2031 |Zi&

iz o, EUBNIZITA SN D h ¥ 3y 207/

WH XN 551, EU implementing regulation 2019/2072
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1. AV PVEIIREREREDIER

LW Y — VN I RO GRER T YR v &
I IEHERE Xanthomonas campestris pv. citri (=X. citri pv. citri))
(MAFF 7% : 673036, 5Bt - i & A2 A) % NA Kl (Nutrient
Broth 8 g/I. €% 15 g/1. pH 6.8) L TH:#%, WEATIIE
® L. WOLE 0.1 (660 nm) (RGN 10'~10° cfu/ml) (ZFR%
L7

HAREDWIMN A DA (Citrus unshiu) L O@F (Citrus junos)
DRINA—RT ¥ hzmifiichi LEL 230, RERMICEHEK
B FARALR SN RE 22 2%, MH B 0.5 ml %
RELRICEFARAL CEA L, 15 5 MEHE Lz REE D~
FUPnE ) HEBERRIE L L,

2. HENRHER
(1) SR

ABRCE L7z LRI T b ) ORI, ARDIE R
BEAS200 ppm & 7% % & O WA L. EFERIZBFERE A (8-
2 MP2]. BIHALY:) &AL, #EEERERE A 85 ppm & 7%
B XL 720 SREMEEMAKIE. ARSI X o TARIE
FREMETTL22E2MONRTwLZEnL (IS,
2000) GRERVEBEMKAERE (7 o> - & F AL740, F—
) THKLAEMAK (pH 24 LLF. ARIEREEE 20~40
ppm) LR L 720
(2) A ¥ %y e X9 R RHARE AL G0 R R

T A A T D FREID 1 OB Z i L 728, R A
ARFIZOVTIREABREA 50 ml iz, wFRFZFICODVTIE
KR 200 ml USRI % 47 o 720 MEREERE O 8R4
2oV TiE, KETIT bR T WS AHIERE (85 ppm. 1 4-1H)
(USDA, 2018) &% & L., WERMEEKOKEEMHFITONT
F KHEEFRMR T Y 7 2K & FRICHFROREAI TH
L2 EDS, HRTIHON TV L EITOMMIEREZBEL LT
2O U7z Fou X & U CABME AT & BIRK 50
ml 13 200 ml HHUCFRARICIRIE L7z B, S K UK R
XIZHBWT, 3REFTOMAL 720
(3) F TR A 72

(2) FTOMHAEAT 5 /o5 RIFEL SWUBE A, SILY B L,
TIAF Y 7Ny FIZAN, EOHIZ 100 ml DY) ¥ ERAR TR
(0.075 M, pH 7.0) %R L. #EW|EFZ 5 5 MIT- 720 &
P 2 MU, 15°C. 13,000 g T 10 45 FE OB L. i
EHRELSmICTHE L, 20#%. KVvF v 72 ATHEEL,
Be Ry R AT o 72383 0.1 ml % SR Wk o RIS TH
% KCB X3t (Nutrient Broth 8 g/1. #8K 15 g/1. # A A~ A
Y16 mg/l. 77 LbF ¥ 16mg/l. Zunuyua=)v12
mg/l (Graham and Gottwald, 1990)) 2¥4i L7z, KCB %5
WET25C, 5~8HMA ¥ F 2= —NTHER >
FUPVEI)WRHROE O IO = — DA K L2, F72,
Hhau=——PHERTE b0, 185729 @ CFU (Colony
Forming Unit) 75, x84l (log10 CFU/ %) ZH M L7z,
WPRXNZ @ o TIEZ DA R R ERFEOEREME L L7z F 72,
IR X ORI A WA A S BRI R LD AW AT\ 7o fif
(Log Reduction Value (xf#isidrMi)) =AM L. BEREOE
e L7z,

3. EXEEHAR

WEEEE A V720 RE O R IR E R A 1T 5 720 BRI,
W3 RIE A M EERR S 1 S TR E L 72 LB X & LB X % 50T
Zhzh s £Foftik L, Filc 14 HMHEL. BOmIC4
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ZOFAME N X Y R AT o 720 FFEOFHM T A MELE
M OUPLX, MEALPX 2P TE RV E DS L, AEHEE AW
B, BFD. REOWSIWEN RV E 3 EBEOREIEIZ L ) EE
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1. FER R

FZRHABR O, KCB 5 R S 7 A4 sl Bl e O
WEIEAEIR, ZhENEL 20 B) Tholzo EHIRK
THMO IO == ER S, WHIEREST M) 2 LKER LD
SRR O LILX Tl ¥ a0 = -2 RS N o 72, B
PEEMBARUEX ClE, FBXERELThEwbooikfian
S DR E NIz IR IS A OB AR ORI L L
THwHENRTHBY (USDA, 2017). WIRHET# O£ x g L,
SHE DY LT3 2 48 I A5 10 50 LIS T 5 2 L %
RT o HREEE A X O EARAME D 6 IR A AR FE
TIERRIX & R LT 88 % 725 98 % FEIE, W3 I TI1L 99 %
25 99.99 % BEORBMEDS D > 720 72, MRFEOMIET

SR AME SRR /R T N ) 7 AOKIETLEIX X D B ARl
Tholzizd, BENFIIRBEIEFF U7 LKER L D B
ol z Nz, WEEERLIEX CIlE, IRIX L R LTl
M APAR D@ TREOKRFUIL TN D #f T 7 = —
IE NS, 4.84 Lo B Atd b 99.99 % UL O HER)
BB DHLEZ LN, T, BEEHRLHX Tl RE O
TUWHIRFRIE T M) 7 2OKERALELX & W45 DL R o Bk il
BTV OR R R D FEL L TH D L E 2 Sz,

2. REBEEHER

WP RFEIZONWT, FHBl. FY ROF S IZOWTENREN S
BRI A D, ARG IR EHI 2 FEhE L 720 Z DR,
K3 OLBY WX O OTIZ, MLBX EEL VA, b
o TW/=Z &b, BEERRLEIC X 2 REANDEEITRD S
oz
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Table 1. Surviving population value on Citrus unshiu and Log reduction value.

Treatment method

Surviving population value (logl0 CFU/fruit) b

A. Treated fruit

Sodium Hypochlorite (200 ppm, 2 min) ND?
Peracetic acid (85 ppm, 1 min) ND
Strongly acidic electrolyzed water (2 min) 2.52+0.20

Log Reduction Value Sterilizati te (%) 3)
B. Control fruit (=B-A) erifization fate 7o
3.81+0.17 3.64 99.9
5.46+0.30 5.16 99.999
3.81+0.17 0.92 - 1.66 88 -98

1) The means of three measurements+standard deviation.
2) Indicates no detectable survivors via direct plating procedure.
3) Sterilization rate (%)=((10°-10*)/10%)x100

Table 2. Surviving population value on Citrus junos and Log reduction value.

Treatment method

Surviving population value (logl0 CFU/fruit) D

Log Reduction Value

Sterilization rate (%) »

A. Treated fruit B. Control fruit (=B-A)
Sodium Hypochlorite (200 ppm, 2 min) ND? 4.96+0.12 4.84 99.99
Peracetic acid (85 ppm, 1 min) ND 4.96 +0.12 4.84 99.99
Strongly acidic electrolyzed water (2 min) 2.61 £0.39 5.94 +0.85 2.09 -4.57 99 -99.99
1) The means of three measurements+standard deviation.
2) Indicates no detectable survivors via direct plating procedure.
3) Sterilization rate (%)=((10°-10")/10%) X 100
Table 3. Mean characteristics of Citrus junos between treated and control fruit.
Surface Color” Flavor” Hardness”
Evaluation date Peracetic acid Peracetic acid Peracetic acid
(85 ppm, 1 min) Control (85 ppm, 1 min) Control (85 ppm, 1 min) Control
First Day 0 0 0.1 0.25 0 0
Third Day 0 0 0 0.1 0 0
Seventh Day 0 0 0.05 0.05 0 0
Tenth Day 0 0 0.05 0.05 0 0
Fourteenth Day 0 0 0 0 0 0

1) Change in surface color was graded in three levels. 0=no change, 1=change, 2=remarkable change
2) Change in flavor was graded in three levels. O0=no change, 1=slightly smell, 2=smell
3) Change in hardness was graded in three levels. 0=no change, 1=slightly soft, 2=soft
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W LIRHE R DY 7 KBTI L 2B E 0EF RO
FRISREORENENDH 5 Z L DR TE 72 BRI K
LRI (USDA, 2018) T, AAEORIE L AR
EREARO N ¥ F VP E I WHHEH TS TR RERR
PRERTE /22 L2 0, HARICBWTD MWLM CET
BErFERTLIEPURETHL EEZ LN, B,
Narciso (2005) (&, 7 ¥ ¥ v FHEICH HHEE 2 55 L,
Mathew 5 (2018) 1%, ¥~ v T—HEICHIVEAT WAL,
SEEERE & R R T M) 7 AKIEIC & B BRI L
THBY. ARHFE L MBI REERE SRR T M) 7 2 KB
LS EOBREREEFAL TSI E2WMELTWAH.—T,
RBMEEMAICBVTIE, B F YLV I IREICH LT—E
OBRWHRIIETEH00, BAFOREHFEET M) 7 2KE
WERSORELLBREMBEEZHLTVD I LIIMRTE R
o7z

F 720 AREBCHEERNEZ W2 KR IC X B RFEOIEL
B, MESANOBBIMATE Lo 2 00, BEEE A
¥ EVIERFEORIBHE IO GE I RIS 2 5 A I
WEEZ B, WHIEREET M) v A KBHE & GIRRIRT
. EHE L BT A LT END 0. ARERIRE R
MEFF T 2720 I3 HBICHIZ HH T2 L ENH D UMD,
1969) 0 —J7 BFERR L A BN & 2 JIEH D T & (K
HE, 2016) 22 HIEEBER LD D RVEMBRHAESD 2 L sh
Tw5 (Narciso, 2005), F7-. #MEEEIL. AMRICHEE Y)Y
OB E NG ERREDEE LAV L OEHBHHLI VLA
MmEN L2 ANDY A7 B34 ERASNTWA (Banach
et al., 2015; Taverner et al., 2018), LD Z &5, #EEEEIC
X 2RI, EU SIS 2 B2 B 4 %) 2 KA
FHiEo—ok LCHMAMRETH D LEZ Nz,
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