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BAEREOMAENIHIIR & L TORRIERIK & BHRIR O
ALERER !, A2, FIEFES, R A%

ZE

FKILRPEDIRE (WF, ToiavIhy, UA) ORESGERRIC, BEMK, BEREIRT J O R
FEOWAEMGGE ZRE L, 2D OB EHEAM A DIG YR e U CH R KIT T A A LT,
JEFERARITEE R U7 AKIROMAIGIEE L, KB OWEAR KLY 1log FREEE o7z, S HIT, EEEAKICE
AR 5 Z & T, EWED R T 2 log FREEHIIN L . PAEMGYE ORI GRSz, BEEEURD 3
HRRICINE S 7o RFE TR, BRI KORIANED b TR S 2 WIIRERIEED 7 BEREEAT L
fo LHEE S, BIEEAD 8 HEO U v ay IV RFE Q ER) BROV31 BEO U ARE (1 EfE) X
DHENT EBRERINTZ, WTHhoV At T EIFEE (verotoxin-producing Escherichia coli,
Salmonella, Listeria monocytogenes) |3HiH SAU7", BEEEA/KE JOVEIRAR &I LT 0EM &2 a7
W2 EDRS T,

F—U— N AR, REEIK, BRI, MG, BT ERAE, AR

1. ¥R

F RV OFSFREP OMAEDIBYIT, FICREMRK, T8, & BAEEBE L0t NOMEME L OBtz L
AETBEESNTVWDEY, ZOHT, BEEERAKICHER SN KB AR, #ik, Bk, BABSLOKRES
1272 0 | [A] LK C b R L 0 BAEME Y ORI T 5, RERKD TR OMAYIG I KX
ISR RIFT 2 LD, YIAKROB AR STV F7e BERAKZT TR BERAKE
FAINCAR B U 7 SRR S I AETH YR 72 0 155 2 & R ST W0,

FEHDORSCINT FRYOBEDN VAR T 5 720, BHEE EMNCI T 5855 ORI YR % 71
L, 2L OWEEIT->TE, FRICBWOTL, B3RO THEERAR LU TKIC K 2 7 |7 fk
WA D Salmonella, PO EEFRKD> 1L Escherichia coli O157H7 L TEBY ., [EfElcy Y2 I U
BB LY AFHOCRBNTH, ZNEIVEIKIRIED S Salmonella 3 X OVEZEA/KDNS E. coli O157:H7 Dkt
EHE LTS, SHIC, ZRORTEHEFEREIRH S 7 BRI E AR E 7 Iaf T2 2 Ll kD,
AN 256005 Z &R L T\D, AFETIX, X, v avIhryB8lOU AEGE
KR, K, R X OUTE SN 7o REOTEMIGYE # el U, K L OVRZERAKTHIR
U7 SRR S E G R . U CRFIC KT TRELRAE L, £, REBLGORZEMEZFHIT 5720,
TS DRE L PEEEREH O R R RRE O A E SRR LT,

AT 201446 A 14 H

AWFIE TN FA R ISR 2 No. 11-1-1, 2012 OBk AT T,

L TR A BB LA ER A L5, T 649-6493 FnakiLRfd 2 1T 7E =45 930
(BT (HAf) RERAFSEREEEMOKEERR AT, T583-0862  JIRLIF T RUEE 442)

2. T o AT DAAERER], T649-6493 Fski LA 2 ) 1THvE =43 930

3. IR E R T A PR, T649-6493 Fsk LRt /)1 THPE =4 930

4. ITERFEMER T RS TR, T 649-6493 FnakiLRAL /)1 THPE =4 930
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2. MEBLUAE

2.1 AV ILELUVH 2T VIR

FEILERNO DX, Uovav I rBLOY ARG EZ G E U, & B CIHEETIZBAG S
PR, MK RRBE A VAR U T2 SRSV FS L ORI DR BB MM ST Y v L LT, Rl
DOH X TIRPA BT, BEAK (BOMEK) BILOEERK GEhA 1R : 727 a2 ki) 159 A 23
HIC, IXHERINT 3 BHD 9 H 26 HIZH 7V 7 Uiz, SOIHOD vy aw 2 h 8 I RA B T,
BERK (BOEK) BIOBERE GRXFEAI2FE . by 7P MAKRHAL, 77 %K) 25, IBER . 778
AU A1 A 4 BiC, WRERSEIZ S HED 11 H 12 BicH 7Y 7 Uiz, Mliiow A e BT,
B GAT)IK) 38 L OVERIRYR GRERI 1 ff . 2 a 7EEROKFIA], BER : TEF U E) 125 A 26 HIZ,
INFERSIT AT D 31 HEED 6 H 26 BICH 7V 7 Ui, BEREEAKE X OESEREIRITIRE £l 100ml £
e, SHHTETACTRIEL, 2 HEANICHE L7z, IHERSE (DX RFET I/ IS, vvay Iy
FETOMND 1S, 7 ARIIL 9 BIAG 60 H) (X, IR 6 RHEILINICIIE L7z, MAEMOITIE 3 )KAEAT

27,

2.2 WEMHBORAE

Yo7V oS U IHER T 7 L DR, KGR, B ORE IR OFER AL I T 72,
BEERKER L OBEARIY, BB A2 O FERE L THEMA Lz, INHERFEY 7132
A& FWTRE L RRICEID 431F . 3024 10g & 90ml @ 0.85%IKE A RHAK E & BICA h~T 4L X —IT
A, A b~ h— (ELMEX #:# : Pro media SH-001) % AV CRIE T4 0MEMRL. FiRE Li-, BRI
BEAF AR Z AV CEEATR L, —RAEERONEICIEERRES M (SMA; B /KBERSERSHR) | KIBE
B OWEITITT Y F v a b— MEREM (DA; HKBBEMASHEY) | EREONEICIEZ eI A7 z=a—
JVINART b 7% A b m—RFEREEH (PDA; H /KBRS 266 U7z, B535FIE, SMA 1£37°C T 48 -
72 WEfEH, DA 13X 37°CT 18 - 24 [, PDA 12 26°C T3 - 5 HBIERE L, HEZOEKE Y y— LBl Lzan
=B E EERKB L OEERET Iml H720 . FEMIT 1 g H720 OREE TR LT,

2.3 WEYREDEE LBTPEREEEGFOFTRE

AR OO BRI Z I8 S 72 SMA, Fiiw o0 BB (R S 872 PDA IZIEREBIR L, PRRORe D an=—
ZEGCHIBr L, SBEL7-. U RESEOME 34 FEkI KOSRIRE 37 R, 7o o w I CESED DR
25 BRI L USKIRE 13 Bkk, 7 A 1350 D A 38 Bifkds X OSRIRE 19 Hitk 2 2y L BER(? & [FIEEIZ MicroSeq
EI A KB FEICH T, TS K USRIRE ORIEL, 24 168 tDNA fElkids J O D2 LSU rDNA ffl#il 2>
VT, MicroSeq Microbial Identification 33 & U MicroSeq D2 LSU rDNA Fungal Identification (Applied Biosystems £f:)
Z W THE R A2 V2R . MicroSeq 3 A7 A (Applied Biosystems £18 : MicroSeq” ID Analysis v2.0) D75 12
PR EAT, T F A L OFFRIMED 95%LA Lok b O ERE A [RER & L TR LT,

BHEIR (verotoxin-producing Escherichia coli, Salmonella, Listeria monocytogenes) % %t8312, BEHRIPIHE
> Loop-mediated Isothermal Amplification (LAMP) % FiVC, MK (1omD) ., BEEZAR (10ml) BI O
INFERSE (10g) 2B 2 BT HFIRE O ERE 2T o7, AR EFIEEOBS ORI I35E i
KGERRHRIEx » b, PR THERES v ML) 27 U 7HHREY > b G bkt 5Y)
R LTz, &0 7V OREER &SR A OGS S H, Loopamp U 7V 2 A AEERIESEE (TERAMECS Y :
LA-200F) % fIV T 65°C T 60 231D LAMP SIS &7 o7, S FHIEORIEM Th o v n U Ui~ 7R T A
DOWEARET 2 Z LI2X 0 RTEFIKE O EDOA HE 2k L7z,
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3. #ER
3.1 EBERAK BEBRESIUREOMEMH

EERKOWAY (AR, KBRS LOHE) B, BROEKEKRE LA ¥ T 2.0 - 2.1 log
CFU/Mml, 7 a0 CES T AR L OKRGREEEIT 2.4 3 X0V 1.6 log CFU/mI, B E AR HBRA
ELAFZ/R Lz (Table 1), F)IZAJRE Lz 7 A B CIIMAEDENIAOBFEAK LY HE <, 2.8 - 3.41og CFU/mI
LTz, £, BERKICRBIEAEMRT 5 & X MIGOREAZ TR LT SRR OMAEM L, 3.5 - 45
log CFU/ml "C 2log F2EEHINN L 72, [RIERIZ 7 A S5 ORI 2 P U 7o BRSO AEA B IEIN L 3.8 - 4.3 log
CFUml & 72 o7z, —hH T, Uriray I B ORRER 2 Tz Bif U T BRI Tl O S I
DU AR 2.2 log CFU/mML Z 77 L 723 AN IR BRIUMELL T & 7213k it & 7 o 7o INHER F2 2DV T,
BT T REDORR T 32 log CFU/g, 7 A RFED R T 4.7 log CFU/g %7~ L7z LIAMI R AELL TR
FORMH 2R U, EMTGEE IR 2 & AR S T,

Table 1. Microbial population and number of isolated microbial species of agricultural water, pesticide solution containing the agricaltural water
for the mixture, and fruit

Microbial population® Number of isolated microbial species
Orchard Sample Mesophiles Coliforms Fungi Bacteria Mold
Persimmon Agricultural water 2.1+0.0 2.0+0.0 2.1+0.0 12 11
Pesticide solution 3.8+0.0 35+0.0 4.5+0.0 8 5
Peel <2.4° <2.4 32+0.1 7 14
Flesh <24 ND¢ 3.0 1 1
Satsuma mandarin Agricultural water 24+0.0 1.6 £0.0 <2.0° 14 3
Pesticide solution 22+0.0 <14 ND 6 ND
Peel <24 <24 <3.0 2 8
Flesh ND <24 ND ND ND
Japanese apricot Agricultural water 34+00 2.8+0.0 3.0+0.1 10 3
Pesticide solution 3.9+0.1 3.8+0.0 43+0.1 8 ND
Peel <24 ND 47+0.1 6 13
Flesh <24 ND <3.0 1 4

# Mean = SD values are expressed as log CFU/ml of agricultural water and pesticide solution or log CFU/g of peel and fresh (n=3).
® Below the detection level (fewer then 30 bacterial or 10 fungal colonies on plate of the original culture) in each sample.

¢ ND, no colonies detected on a plate of the oliginal culture.

3.2 ERERAKBIUVEREBROMLEYE

71 % B DMK L OREEIRR D b1, IR 10 8 12 FE, SRR 10 & 11 s JOWHE 6 J& 8
i, SRR 4B ST, Vo a v I URGORERKE KOREERKD HIE, ME 12 8 14 FE, RRE 38 3
flids JOWHET 5 @ 6 fli, 7 A BIGOREFEMI/KI LOVRSEEAEE B, M 9 J8 10 i, SKRTE 3 &8 3 Fids L U
# 5 & 8 FEMRI ST (Table 1), FEEEF/KOMBFE CIX HHEME O Bacillus J&. XRHEIHHE D Aeromonas
J&. KIBEBEZIBT 2 Enterobacter J&CRENIHIFHNE O Pseudomonas B O S D Sz (F—44
W), SRIREFECIZRSTFERE O Aureobacidium J&<° TR K OMWIHIFMHRIRE TH D Cladosporium JES®
Fusarium JEDRH STz, RIS, T B8 CRIETE Tl Chryseobacterium indologenes 13 J U4
REFETIE Cladosporium cladosporioides, Fusarium chlamydosporum., Coniothyrium fuckelii 5 . OY Phaeosphaeria
avenaria, 7 A B CIIHERED Herbaspirillum fiisingense, Pseudomonas nitroreducens 33 . ON Rhodopseudomonas
palustris 73, FEERK &8 LTRSSz,

3.3 REDOWMAEMELHEE SNIBITE
B F RIS SHIBEWED 5 B, RIEAKE L ORI & i U Ot S 7 T
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fDRELY L0 o7 (Table 2), FEERKMND, HIEFE CIIKRNGERED Enterobacter cloacae, FEWIFIFHAEE
@ Pseudomonas oryzihabitans, SRAREFE CIXWNT I SRR Z 75T Arthrinium phaeospermum.  Cladosporium
cladosporioides. Coniothyrium fuckelii 33 5. O Coprinus cinereus 73 FIENFAT LT LHEE ST, FT-, BIKAIK
6 OBATEIE, THEMEE O Bacillus altitudinis KEIRIFNERIKE O Coniothyrium fuckelii 35 & O Coprinus cinereus
Tholz, Vryay INRETEOTL, HIEHOREEMDIN SBAT LIEw & LT, BERANS
Curtobacterium albidum/citreum 33 5. O¥ Cladosporium cladosporioides/herbarum @ 2 FENHETE Z4v7= (Table3), —F
7 ARIETIL, KBNS OBITHEITR b7 < BERKNOBAT LT L LU C, Aureobacidium pullulans
DHHHEE STz (Table 4).

Table 2. Microorganisms isolated from peel and flesh of persimmon fruit at harvest
Environmental samples

Environmental samples

Bacteria containing species Molds containing species
Sample  Gram type Genus Species found on fruit Genus Species found on fruit
Peel Positive  Bacillus altitudinis Pesticide solution Arthrinium phaeospermum Agricultural water
pumilus / safensis Ascochyta fabae / pisi
simplex Aspergillus niger ficuum / phoenicis
Staphylococcus — aureus Aureobasidium pullulans
epidermidis Chaetomium globosum / strumarium
Cladosporium cladosporioides / herbarum Pesticide solution
Negative Enterobacter cloacae Agricultural water Agricultural water
Pseudomonas oryzihabitans Agricultural water Coniothyrium fuckelii Pesticide solution
Agricultural water
Coprinus cinereus Agricultural water
Leptosphaerulina chartarum
Mycosphaerella parkii
Penicillium citreonigrum
Pestalotia rhododendri
Pleurotus ostreatus
Trichoderma viride
Flesh Positive  Bacillus megaterium Phacidium coniferarum
Table 3. Microorganisms isolated from peel and flesh of satsuma mandarin fruit at harvest
. Environmental samples Environmental samples
Bactetia containing species Molds containing species
Sample Gram type Genus Species found on fruit Genus Species found on fruit
Peel Positive  Bacillus niacini Aspergillus awamori / foetidus / niger
Curtobacterium  albidum/ citreum  Agricultural water Chaetomium  brasiliense / globosum
Cladosporium cladosporioides / herbarum  Agricultural water
Mucor racemosus f. racemosus
ramosissimus
Penicillium digitatum
Pithomyces atro-olivaceus
Stilbella byssiseda
Flesh Not detective Not detective
Table 4. Microorganisms isolated from peel and flesh of Japanese apricot fruit at harvest
Environmental samples Environmental samples
Bacteria containing species Molds containing species
Sample  Gram type Genus Species found on fruit Genus Species found on fruit
Peel Positive  Bacillus altitudinis Alternaria alternata
niacini Ascochyta fabae / pisi
soli Aureobacidium pullurans Agricultural water
thuringiensis Cladosporium cladosporioides / herbarum
Curtobacterium  luteum Diaporthe phaseolorum
Streptomyces corchorusii Fusarium graminearum
Mycosphaerella rabiei
Penicillium citreonigrum
Pestalotia rhododendri
Phoma andina
glomerata / herbarum
macrostoma / sorghina
sorghina
Flesh Positive  Bacillus alkalitelluris Leptosphaerulina australis
Mycosphaerella rabiei
Phoma macrostoma

macrostoma / sorghina
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3.4 BHERAFEGFOFEHRE
FESEFK, FESIARIES L OUUHER KD U 7L # A I LAMP JUGORERN S T TOH o 7 CRHPFHFIA
(verotoxin-producing Escherichia coli, Salmonella, Listeria monocytogenes) \ZfEPME% R LTz (57 —X%4HK5),

4. EE

RISV TREZERK E UTHER SN KIEOMAEMGRE Z i35 &, AxESEBI v v ay
I VESTHERSNIZAOEAKRE D b U ABSGCHER IR O T BNTIOMAEDE S 1 log FRE R
VMEZ R LT, IFRRENLIRIN SIIEMFED 5 b BERKN G OBITHEERD 4 55D 1 LLEE EHT
WeDIZxE L, U ARETIE | BREOLDPBATHE EHEE ST, 20X 512, RIEC KV EFERAKN S DTG
ENRELZPHE LT, WHETE LB S INEE TOHABOENRZET Hd, WHEFEICE LT, 7 AH
B Claim O IR Y b EIED | T LIEREZNHET D720, FRMAEIG IR E 7230
ThobHEINDO®, Flo, BANOINHEE COMMBIZBE L CiX, 7 ARED X S ICHBIBNEWIE EREICHE
OREIT A Y, WS LR EOBREEA ML AZZIT, TOATFHITRS Z L1cks, UbEXD, JE
DOFEHA & RIS L o Cld, BERKD EERGIIRE b7 055 2 Lnh | BEMKOBAEMIGIEE K
UME S N E LU, Valasco B T, INHERTIZ Salmonella enterica 2159 S -3 hF %2 M~ Mo+
Le, NHEHRDOERFED Y AN ERT5Z 00, BEGRRRRCI T 2@ 2 KIROMHAHELE L T s,
ZDOEIT, BEMKIEEARMT 5 2 & CHAEGRENEINL ., 2R 5 FRY~DOIGRBRES
MO AR TIL, W OES T b RS S OMAEDRERIIRD L7z b 00, X ESE IO A B
IZEBWTEERKICEIE AR D 2 & CIAEDEDERRT 100 fHL <ML, —c, BRIITa2y
WINZ THALAL, HHAB KO EREENTEY | BHEEELIRES L THEMT 21320 #BhAIE 721 30&ie
HIRATDHEDR DD, DX D IR EIEERS USNOATEMERBIAID, AEMORGECH 535 B2 5T
WD, ARFFET, MU D RFTAT LI LHEE SN AMAMIZ 3 ERTH Y . BEEHKD 9 HEICHA~
TR, SRR DI 5B KA T REMEIT 02 dH 0 . AR OFRY OFIFERE H OMAEY)
HIZBMEDRERIZIE, EDRHE D L 5 A OIEIZ %5 LTe D&l 2 1ITHET L TS DR H D,

5. &

PR X OV TR C ORI CTEERVBYIR & 1 SHeho 7oy, EERKOKIRIC
BfRAe < . A L7 R OREEIC X 0 BRI P O EWER OB HER S, BESERR Y AN A i -
FTHIEARRENT, A LT RERMBGORERK, RIERRES LOREICRBWC, B RRE TR
RU, BEEAKE LOEIRA I LIMAEMEED U A7 I3FE LW 2 &R ST,
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FODER

Potential of Agricultural Water and Pesticide Solution as Preharvest Sources of Microbial
Contamination for Several Fruits

Kousuke Kitada 1, Keiko Kohmotoz, Takashi Ano® and Hidemi Izumi*

Microflora of field environments (agricultural water and pesticide solutions diluted with agricultural water) and several
fruits (persimmons, satsuma mandarin, and Japanese apricots) were investigated to determine the potential of the field
environment as a preharvest source of microbial contamination for the fruits. With agricultural water, the microbial counts in
river water were 1 log higher than those counts in mountain spring water. When pesticide products were dissolved in
agricultural water, the microbial counts increased by 2 logs. Seven species of soilborne or phytopathogenic bacteria and
molds detected on persimmon fruit harvested 3 days after pesticide application were also found in the agricultural water and
pesticide solution, suggesting that the field environment could be a source of preharvest contamination. In comparison there
were fewer microbial species found on satsuma mandarin fruit (2 species) and Japanese apricot fruit (1 species) harvested 8
days and 31 days after pesticide application, respectively, that appeared to be transferred from the agricultural water and
pesticide solutions. Since foodborne pathogens such as Salmonella, verotoxin-producing Escherichia coli, and Listeria
monocytogenes were not detected in any of the fruit and environmental samples, it is assumed that there are no microbial
food safety hazards resulting from cross-contamination with the environment.

Key words: Orchard, Agricultural Water, Pesticide Solution, Microbial Contamination, Foodborne pathogen, Phytopathogen
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