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Mutation Research 770 (2014) 95-104

Genotoxic potential and in vitro tumour-promoting potential of
2-dodecylcyclobutanone and 2-tetradecylcyclobutanone, two
radiolytic products of fatty acids

Kohji Yamakage®*, Hajime Sui?, Ryo Ohta?, Tomoyasu Toyoizumi?, Kumiko Kawakami?,
Hirotaka Matsumoto?, Toshitaka Takahashi?, Kiyoshi Sasaki?, Mayu Ikezumi?,
Saki Negishi?, Keisuke Izumi®, Setsuko Todoriki ¢, Kondo Takashi‘, Masakazu Furuta®

2-RFUINLoOTRIVE 2-TRSTUNLIOTE/VE  EIEERIEEMETIEEL,

ABSTRACT

The DNA-damaging and tumour-promoting effects of two 2-alkylcyclobutanones (2-ACBs), which are
found in irradiated fat-containing foods, were investigated by use of the comet assay and in an
azoxymethane (AOM)-induced colon-carcinogenesis study in rats, respectively. We conducted geno-
toxicity tests of 2-dodecylcyclobutanone (2-dDCB) and 2-tetradecylcyclobutanone (2-tDCB) according to
the test guidelines for chemicals or drugs. In addition, a cell-transformation assay with Bhas 42 cells was
performed to investigate their promoting potential in vitro.

The Salmonella typhimurium mutagenicity assay (Ames test), conducted with five tester strains,
revealed that neither 2-dDCB nor 2-tDCB possessed mutagenic activity. Moreover, both in the in vitro
chromosomal aberration test on CHL/IU cells and the in vivo bone-marrow micronucleus test where mice
were given 2-dDCB and 2-tDCB (orally, up to 2000 mg/kg bw/day), we did not detect any clastogenic
effects. Furthermore, DNA strand-breaks were not detected in the in vitro comet assay with CHL/IU cells,
and DNA adducts derived from 2-dDCB and 2-tDCB were not detected in the colon tissues of the mice
used for the micronucleus tests, in rats from a repeated dose 90-day oral toxicity test (0.03% 2-tDCB in
the diet), or in rats from the AOM-induced carcinogenesis study (0.025% 2-tDCB in the diet). An in vitro
tumour-promotion assay with Bhas 42 cells revealed that the number of transformed foci increased
significantly following treatment of cells in the stationary phase with 2-dDCB or 2-tDCB for 10 days.

Ourresultsindicate thatneither 2-dDCB nor 2-tDCB were genotoxic chemicals. However, they exhibited
promoting activity, at least in vitro, when Bhas 42 cells were continuously exposed to these chemicals at
toxic doses.
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2-7UFIDOTY/ Uit L RPERORK, BIEHZFE, BoiiN, 43, 2008

J Toxicol Pathol 2015; 28: 99-107

Original Article

Modifications of azoxymethane-induced carcinogenesis and 90-day
oral toxicities of 2-tetradecylcyclobutanone as a radiolytic product
of stearic acid in F344 rats

Makoto Sato!, Setsuko Todoriki?, Tetsuyuki Takahashi!, Ezar Hafez!, Chie Takasu!,
Hisanori Uehara!, Kohji Yamakage?, Takashi Kondo*, Kozo Matsumoto®, Masakazu Furuta®,
and Keisuke Izumi"

SYMIBEARELI2-TISTUILLORTR/ V3 EELESREERLRSGA S,

Abstract: A 90-day oral toxicity test in rats was performed to evaluate the toxicity of 2-tetradecyleyclobutanone (2-tDCB), a unique
radiolytic product of stearic acid. Six-week-old male and female F344 rats (n=15/group) were given 2-tDCB at concentrations of 0, 12,
60 and 300 ppm in a powder diet for 13 weeks. Slight dose-dependent increases in serum total protein and albumin in male rats were
found, but these changes were not considered to be a toxic effect. The fasting, but not non-fasting, blood glucose levels of the male rats
in the 300 ppm group and female rats in the 60 and 300 ppm groups were lower than those of the controls. Gas chromatography-mass
spectrometry analysis showed dose-dependent accumulation of 2-tDCB in adipose tissue, notably in males. Next, we performed an
azoxymethane (AOM)-induced two-stage carcinogenesis study. After injection of 6-week-old male F344 rats (n=30/group) once a week
for 3 weeks, the animals received 2-tDCB at concentrations of 0, 10, 50 and 230 ppm in a powder diet for 25 weeks. The incidences of
colon tumors for the 2-tDCB dosages were 34%, 45%, 40% and 37%, respectively, and were not statistically significant. These data sug-
gest that 2-tDCB shows no toxic or tumor-modifying effects under the present conditions, and that the no-observed-adverse-effect level
for 2-tDCB is 300 ppm in both sexes, equivalent to 15.5 mg/kg bw./day in males and 16.5 mg/kg b.w./day in females. (DOL 10.1293/

tox.28.2015-0002; J Toxicol Pathol 2015; 28: 99-107) NOAEL (ES8)

Key words: food irradiation, 2-tetradecylcyclobutanone, 90-day oral toxicity, colon carcinogenesis

ADI(1 B EFARHEHE) = NOAEL x 1/100 = 16.5 mg/kg x 1/100 = 0.165 mg/kg
KEIDBHE—T/\—H—/37 (6 ug/B) ERE kgt -UEH2I5HBRLEITHY
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[EEEF THEEALER] FRHLSIIINE D UhAWnD, BEO
XUy NEHDZFS, HEAOFFERESHENSENENSLBVDIEHE ?
[ER®F ERFEDE] BEREECE<C . TBREENRILEN.
BREEOHREZLEATWEEINBARE G ICH U WINEREHS %
ol evbH D, BEREEORENFMUILERICE>TWS) &,
[ X HEETEASZ D 2RKEE] REELH D2 5BEIE
RE, bURHIT LS, ABREEXTLREEEREFE - REEZHU
TW3 & 23 ILIEREHEZ,

VNEBIEE HHFETREZE] ELTFRBA/NCVEETRIEELT
BRI IHEEICIIEBREHITER W,

[fmFE] REZRZZ{ELTVWK ZET, FAIRKS EWSKEENEEN D,
UhE] 5pAEERRUTESNTWBRRBHE I HAEICHLT, WERIC
55k EWSIENHZIH?

[fRE] Z25WSHESWEHE L,

[EH] BAROEERIBEBFADERRET D ETNBNEBRSTVWEDON?
hE] BHEUADAETRELEINILBARREICIE. Z5WVWS35IC
BEHMBZLTVWET, ERIRELTWAL, BREZICKITERREZTS
CEMNRAFRAAX =V EEZ 3B,

(BOIOAZ2=Z75—yavHEERE TROLOOAREBE - L DiF Fo[O|
FEbeT  HHET ! BRBHICESE/ED - KT 2EH, 20184788H)

FRFREAER D IREIRERER (1)

H29E S EHIE BmOREERIEENFTESE
BERMOEYZN/\Y— R EZDERFEICET BMK (201723017A)

AIBREH | MRS IC & S HMAEYIERE
FRNET g E (RS - RO | B — (B - SiEi)

3=
4RFREIC105~107 CFU/g @ Escherichia coliO157 DT66 #
£ U < & Salmonella Enteritidis IFO3313 #k%#&E L. 4.0~8.1.
8.0~12.3 kKGyDEHD > ViR Z BE U e BB TOERRRZIT o T2,
MEEFX COMRTHILERHRICTIASERMEEZRT. ZOFIER
XELRDERM S, E coli 0157 DiFEIE. 5.3~5.5 kGy,
S. Enteritidis D3%&8.2~8.5 kGy DBEIC L D ISR M 599% DISHE
ETI10°CFU/g ZEBI B2 I ENTHETH D EEZ SN, TV VIR
IC & BREHBOBRIIZDOFHEZ RKIRL T W,

BRI E RS

2011458 E. coli 0111 (v DEMBHE)
5 £ %, 34 & AmREEEREEREHUS). 18142 ABk

20114108

BEHEE | £RARADEI AR & INTEERK
 BPEERRIE, REH SRS Tkl EOMER

201247H

S BRA4HFBOIRSS « #4t%E

- BEEEMEXRBEOISTE LA EONY ¥ —4EFIEREET
BESNBH. INZRETZENLRFILTHEDON S ETOME.
SRRSO REEZEIFT 5,

A BOLEHEERT ZHCRIENESNIZBRITIERDH TEET D,

201248H~2018% (F=&E)

BEREE : 4O RARREIR DR R

FRFEEAER D REIRERR (2)

Inactivation of Escherichia coli 0157 and Salmonella Enteritidis in raw beef
liver by gamma irradiation

Susumu Kawasaki®™", Mie Saito®, Mari Mochida®, Fia Noviyantib, Hajime Seito®,

0

Setsuko Todoriki®

Food Microbiology 78 (2019) 110-113
https://doi.org/10.1016/j.fm.2018.10.011

Table 2
Dy values for E. coli 0157 and S. Enteritidis strains in ground beef and beef liver under frozen conditions.

Strains Matrix Air Vacuum
E. coli 0157 466 Ground beef 051 = 0.05 R? =097 A NT
Beef liver 0.76 + 0.07 R? =0.96 B NT
DT66 Ground beef 0.69 + 0.01 R =0.96 Aa* 078 + 0.07 R? = 0.97 Aa
Beef liver 0.85 + 0.11 R*=0.95 Aa 0.95 = 0.08 R*=0.98 Bb
S. Enteritidis 3313 Ground beef 1.00 + 0.01 R? =097 Aa 1.03 + 0.10 R* =095 Aa
Beef liver 1.38 + 0.07 R*=0.96 Bb 1.47 = 012 R?=0.96 Bb
can + standard deviation. Within each row and column for each individual strain, means with different uppercase and lowercase letters, respectively,

e
ntly different (p < 0.05).

*: significant differences between E. coli 0157 466 and DT66 strains (p < 0.05).

- AP OMEICH LTI, OZRPICERNTHEWREDRE
- S5, BESNSDOMECEERNOXMBEE L LT,
YR ERD e DIBFHZIRIEL. AR ZWMD TEHBFE
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HFFICHBFRFV0ZHOBREEFR]

Health Canada (HF+¥RER) . "BRERBHI/IFOZAFOTEHEEE
BT BHD, RENDBMRUETHS, LOFHERRICEDE, 2017428

22H. AR - ARFVOEAZRNOFTY A MIEMT ZRFEEEIT o o
http://gazette.gc.ca/rp-pr/p2/2017/2017-02-22/html/sor-dors16-eng.php

BHEINEFARFIE. FHEEARCRIBELSH D, HEN\yr—IJOXRE
ICEENE Y YRV TH BRadural T2 HFNT B EShTWS,

(BHFFTiR. RARNEEOMIRROEBRRFBEER10%N LOBEICRTEREMNIT)
http://laws-lois justice.gc.ca/eng/regulations/C.R.C.,_c._870/page-87.html#h-135

@ LT REAIL. 2002FIc. FAZEC4MBORIBMEFIZREL A
REZEDOERATICES BN oI,

® 20125, T/ t)l#t (XL Foods) OXRMBER4FVEARY I—ILEE (RE
BEEHMERBEESR) HFEELUc. BURABEERICLDIBEET.
REFIOBEVBES NI

@ 2013F58., N Y ORBFERRIE. BUFIC. HFYERTRGT 24EH
BIUERFOSHOREFIDEFZITo e,

H30EER A E ORI BRI S ER R LB Oy, RERTEE

FRERES | BRIC L B RBAMR KU RREESHR

P5-2 REWHOLLHORBES —IEVREEBELC L TORRIMN—
(ENEHN - =l OFMIERE. BB —. IWWMERE
(EWh =iitEE F2 08T, Z0E=

HEBWR: U IHICHEETDZITEEYVIAA
hyEy CRMNADA) KBFET BT HVNI

@ =X2F0BEM
EEREOHEELKRT B0,
L RIRBEERICHT DUIBRGEHEILL.
EFREECIRET D &,

@ BHUADKRIER :
ARENE (EEVVIAH)
- EBME (S hyRI)
cAVEAXFIVLE (EE'EYVIAH, T HVINI)

34
® 20165F6A. W7 REEIE. FOETARKICOVWTOREHTMERE AR
FREEDIC. BRBHRANERFZIER, 75HBO/T Uy IX Y N %
BT, BHRES N,

http://www.hc-sc.gc.ca/fn-an/alt formats/pdf/securit/
irridationtech sum food irradiation aliment som-tech-eng.pdf

@ Health Canadah'ZfE L2180 /XT Yy 7 aAX Y hDS5, 134,
BZRWICIZIM U e DR, BRTE2OME, BRI ORNRRDFLE.
MR OBTENE. WHO/FAODREE, BN (FICKE) TOFAFA., HEEDE
REOEMR EZBHIC, FIHRAOREICERLU T/,

@ —7. SHORNERDEHICE. Z2MEDBE (BEHFROZOHD, R
RETEERICEIZHR) . BROMEYERORRICENEITE, REFFA
FHRNOBRIMTIEE PHABHREEICTA. EWoEEHRFNICEY BT
HRBaitaExn T\,

@ Health Canada I&. BHRENPICERT DOBERDIE. METH 72D,
BWEDTHDIH., BRIFNDOEBIRICKZERZEITZOHSNBNT &, MEY
BRICIFAMBPEAE VWS LB I RIBHERBUCHENRELRI &, GMPIC
B> feBY BEERE. BEOBANMICHINDEST, 2 TORBOEZHE
BRMTEENETFIREEETH S &, FHINEIFRFEHRROERTESE
AREICT 25D T, BHICYH > TE. HFEOERNRFZEFTZ2HDTH .
EDREZNRL., FIRAORERAIZ iU o

http://www.hc-sc.gc.ca/fn-an/alt formats/pdf/securit/irridation/beef-irradiate-boeuf-eng.pdf

EEREYEESRK (IPPC)

International Plant Protection Convention (https://www.ippc.int/)
(5%) http://www.maff.go.jp/j/syouan/syokubo/keneki/ippc.html
BEN  BYICEERRERDOEA - FALEZH 2. MEERDOEY
RERBEDREMZN 2,
W% - 1952F4F, BE177OE & #IFEAME (HERHME)
BRE  EYREREEICEY 2EBREE (ISPM)DERE. Hifiiah DRk,
WERICET B IEMRAE
OEAFNICIE. WERDIURIRTICET B75EP. RERZTHE
TE2AECOVWTDOEREEDEEGE

EPREREICEYT 2EREE (RRRRHER)
International Standards for Phytosanitary Measures (ISPM) No.18
(2003)
Guidelines for the use of irradiation as a phytosanitary measure
EYRERBRE S U TORSHRBE OFEROH DI5st
OIGHRIBH Z HEBWE L UTHAT 2BRO—KREREIE. RO
WAL WROEMH, RA, BRABEILCDODVWTDOHIRI 1Y
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maws | SEES EWS) | BR agag N%AE

Anastrepha ludens (*¥a2/\T) PUERALE 70 Gy 2TOEY. HER

PT2 Anastrepha obliqua (=3 A > F3/3T) FMERLE 70 Gy étoﬁj@‘ LES
PT3 Anastrepha serpentina ("9 24 02/\T) FERAIE 100 Gy L2THORY. HF
PT4 Bactrocera jarvisi (F1& 7L : S/ATR D —78) FUERFIE 100 Gy LTORY. HX
PTS Bactrocera tryoni (94> A5 R3/\T) FERALE 100 Gy LTORY. BX
PT6 Cydia pomonella (AR 7) FERLE 200Gy ETOEY. HX
PT7 ‘Eg fgig;;)f epiieohzidaglizeneic) FHERLE 150Gy  2TORY. BHE
PT8 Rhagoletis pomonella ( ')>=33/3T) SERL R L 60 Gy ETOREY. Hx
PT10 Grapholita molesta (3 EA 29 A) FHERALE 232 Gy LTORY. BX
| AL e STORB.HR
PT14 Ceratitis capitata (FF29H43/3T) FUERHLE 100 Gy LTHORY. HR

TPPTIRE  Carposina sasakii (EES 2 94H) PR LE 228Gy HHRFROULT

SN ERICHT HMIBELE (ISPM28, PT7) &S HU/ATICHE KATEED ?
B LIZBMNSAVTIAVNIOPERH LS REREEETEHEBET 5,
- Technical Panel on Phytosanitary Treatments (TPPT)IZIRESN TS ET

LT (S0 T EEVVIMA DR LR EREEEEHERT D,

HAEDIIR 1 F&£&
® ZEARDINA Oy MNEE). EIFRFHRIHEE) &EH)
o BHERZFOLEMHEREBOIROFAIFANY T
® X/\1A ADBHREEFTFAIDER. FERKENTiR

@ EXENAKAITI—RXZRSBVEEHEL

o THEEDXAUY N, ZRABWVWEEBEINZL
® 4 L/\—DUIBRMAMESL ([T F 3 = EHE
o ZkE. BEIC & ZEYIRELIEDIRETFEA

39

38

KEDEDREESE

USDA/APHIS : Animal and Plant Health Inspection Service

s [EYREEE  7CFR305 PHYTOSANITARY TREATMENTS

c KETRASNTWSIEYIRE (%) L "Treatment Manual”
(http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/treatment.pdf)

+ Chemical treatment (21t XF)L. KA T 1> Zv{EZILTUIL)

+ Cold treatment

+ Quick freeze treatment Non Chemical Treatment '
Heat treatment FEZEF| IR

+ Irradiation treatment

Treatment Schedules: #% & B M5 R /)\ £ (ERj
T-100 ##& Fruit & Vegetables
T101 - Methyl Bromide Fumigation - BERiREED (237ELH)
T102 - Water Treatment e INTE—H]
T103 - High Temperature Forced Air . Rt == o 4o o %= .
T104 - Pest Specific/Host Variable AROERE L UBZEOERERCER
T105 — Irradiation (F&4H 5L 28) BINREZRTE (FDANRET 2RABREIZ] kGy)
T106 - Vapor Heat
T107 - Cold Treatment Irradiation Treatment
T108 - Fumigation + Refrigeration T105 -a-1 T105 -a-2 T105-a-3
T109 - Cold Treatment + Fumigation :“‘I_&' e — w‘)é s TS LY
T110 - Quick Freeze " 150 Gy "7 406y 300 Gy

Yves M. Henon (% M. =/ V)

(EEFRE 2 International Irradiation Association : IIA)

DN ESEEEET (57U R S0) . A ST FMERE CKE) 1o
Wi ¥b 5L ATE%, 1980~1987 4. 77 L ARFHEREN S
7 o ¥ 2 RN TRMBH OMIEEIT Y, TO%., 19 FRICEY |
7T URAEN, YA, v L—U T OREERRDOER L EEICHED S,
2006 F LV 7Y —F ALY FEOBIRBHERED 2 LT ¢ TIERE. 2009
~2013 £, A OT V7 » KRS~ % — Y v —, 20014~2015 E, RHIBHEMK &
L T FAO/TAEA (2%, BUE. REZ 7 20T, BUBBHOa LT o v T2t %
EE L, FAOTAEA ORMBH T2 7T M5l & st hL T3,



GLOBAL PROGRESS OF FOOD IRRADIATION
AND
FUTURE PERSPECTIVE
BmRAOHFRNLRREECRHROEE

Yves Hénon

yhenon@iiaglobal.com

Irradiated spices and herbs
BREIINAZ - N\—T%
France

BMelg  Edyao, Ay 3.
AVFUHT—, EVvIRyIN—, FTU—2Ry)8—,
F=IRIRAR (v A HIRYIN—)

lonisation = Irradiation

Most irradiated products
EORHNESNTVWIEM

= Spices, herbs and dehydrated vegetables
ANRA R, N=TELVEIREF X
= Irradiation must be indicated whatever the proportion in
finished product BREBHDEEICHSTRANNE
e.g. European Union, South Korea
Use of irradiation very limited

5l : EU. B®BE
BEOFBIFIERICRSNLTWS

= Irradiated must not be indicated below a certain proportion

e.g. USA, Canada HZIERERBEOHEE
Irradiation widely used ~ BHORTZ LTRES5EL

Bl KE., hFS
BHEMNLASFBIRTWS

Irradiated spices and herbs

Notme! BHINTHEFEA!

NON-IRRADIATED

1;‘\ NON-IRRADIATE
J 65 CAJUN

k SPICE
BLEND

MORTON & BASSET
NON-IRRADIATED SAN FRANCISCO

NON-IRRADIATED




Irradiated spices and herbs Country irradiating food the most
ROBMBHOMEENZWE., FE

Not me (anymore) !

(65) BEESNTEEA | China
Business Insider South Africa - September, 18 2018 = > 1 million tons of food irradiated yearly*

AZU—NETT BFI7IUNTRYT TSIV RDAA AA=H—TH% - . gt HH T
WA=V I, REE A RSAREICB SRR D ERELL [] = In ~100 irradiation facilities,

increasingly by accelerated electrons
I - pa ik N =

AVIERE, BB IRILF—BFICLBLBE /A XDOBEYER )
ICAWSN%, ZONEICLDBENBEEZFTVS I L3R, LER  SBEMEEDOT0%NESR | b o il
Z<DBEMOEMARD. REEFMOTEEHLBLTE, 7L —/N\—PEH%Z

MEICE>TH, BHNUEBARLTHD EWVWSEIFZEHEINTLARL, 4 B .
- EMI007 bV ERBIZRRERS - @

BRDTICR/ A RORLMERRT 2REDSETH S LRELTV S, 491000 BB HEE TALE. "% P @

BRI HE N T ! @ ' :

ZUTS, ON—hYY . KDEBBICTFEND ESND, BSREE PR TN
AT ZEWS, ZORRE. BREEET ZRERPERLSEZE NS cH

= N — e * Gamma >300k Ci
EIEMb\ % é ‘L‘ :E’ Eg ;b 5 —g—" Source: K. Hsiao and Chen Hao — IMRP 2016 * EB10 MeV

Chinaleading U —Rd9 z/E China - Spicy pickled chicken feet / wings
FRE DR = B/ F Pk

. Popular snack found in convenience stores across China.
FEL2TOIAVEZTENMNIZRE2T—RIAF v

- Irradiation allows minimum boiling for better texture
RBANIT BT TREZRNRICTE, TI7XF v —REF

. Shelf-life at room temperature > 6 months
ERTOHFKE6sBUE

.+ >350,000 tons irradiated in 2017
201 7EDNIEEIF3I5H U E

- Two major manufacturers have own irradiator
2DODFELEMRIIEL TRNRFEZRE

= Largest volumes:
MEEHRK

= Spices, condiments, sauces
ZINA R, HABREL Vv —R
>200,000 tons | year

Dehydrated vegetables and spices are irradiated
according to international procedures

Btk B R A E BB R R R AR B i AL

BN 4E 0 BRAT AR

Irradiated seasonings in instant noodles

= Garlic =—>=7
(China world # 1 producer and exporter)

FEISHEREROLEER - BHE

= Pickled chicken snack RffEBRAF v Y




European Union

EUICHI1BBER(F)

5543

1999 2015

« HEREPTREEHIRA UTWBHE—D i

s I—ZVTRAY N 1999 FEUES (Fi—E%)
TBEEANICRA/NRA AICBREUVTHERT 32 &)

» BEESIKHONMDSTRERMBHCEWVWTHREDRRIUA
HMBEFD? BEEDL?

European Union

= September 2017:

European Commission > Law > Have your say > Published initiatives >

EVALUATION AND FITNESS CHECK ROADMAP

Evaluation of the EU legal framework on
food irradiation

= Comments period ended October 3, 2017
Vast majority of comments called for a revision of the Directives
201 73R FTOOAY MNAM T, REHIFEUIEDDREZ KD

= Consultancy firm awarded contract by European Commission to review
regulations - Report due late 2019
AVHILRHDPRMNEESD SHEIDOREL 25T, 2019F8FICHRS

European Union

Irradiated frozen frog legs sold in France
7 I VATHRES n% BRE/SERD TILED

| ,Sea }[amest
CUISSES DE GRENOUILLES

PRODUIT CONGELE D'IMPORTATION
RANA MACRODON TRAITE PAR IONISATION EN EURO

lonisation = Irradiation

COUPE YOGA
CONGELEES

Russia

= Adopted the Codex Alimentarius International Standard for Irradiated

Food in early 2016
20165F#088. O—FT v 7 ABRFBRO—BRENDBEEZRE

= Various food irradiation standards became effective in 2017
2017F., BAX DERBREOEENRKS

ToCTIS0 1001401012016 | OB e AR Cis DA ok RIS
TOCT 33271-2015 01/012017 | BZIRR/SA R, N—T | BRIAH . FRES SUZOMOMENEHBDI-HDBFOH ALV R
TOCT 33302-2015 01/01/2017 | |AEEREY. EMRELEBOT-OERFDHAF VR

IOCT 33800-2016 01072017 | B BERRTOI=HD— ML EREE

TOCT 33820-2016 01/07/2017 | |EBBICAEREFER FRESLVZOMOMENEFEOHDBEDHAE R
FOCT 33825-2016 01072017 | |BEFAEAMIUE FRBELVZOMBOMENEHHOT-DORHDH A5




Russia Phytosanitary irradiation gz -0 oBES

First suggested by Japanese entomologist Kiyoshi Koidsumi

ETwo electron beam facilities targeting the food market started BARORERZE U\R & DPRYICIERE
operation in 2017 in the region of Moscow. Quantitative studies on the lethal action of X-rays upon certain insects
KEORHICE TSI HRDIEBRNR D E BRI FT % !
[ 1 : - ENRBERARED
)y ;:J‘:;Li“n'. acipown ; . J. Soc. Trop. Agriculture 2: 342-363 Peleld i
tecleor s

In the Island of Formosa, a large number of fruits and vegetables such as
) _ Citins, Mango, Bamboo-shoot, Cucumber, Melon, Luffa etc. arc damanged in a
' considerable degree by many. species of fruit fly, Dacus. These larvae hatching

BHIE. REPEFIH D WISEERIC
EFENZHEXRBRE THIET D&

significance in the exportation of the plants.

It was the purpose of the author to destroy them within fruits or vegetables
or packages which contained insects by means of X-ray radiation, and it was
developed that a certain intensity of rays killed such naked insects as were not
covered with any objects dwring any stages of development. I first determined
the purely scientific relation of the rays to the dcath of the naked insects. This

arvtiola will doal with tha ahtainad voenlbs  of intaract e o oninmbilla walei -0

s, o AX@ nter

FA———

o
Mockea Opexo8o-3yeso
0

2017$ BmiisENRE Ui 2 DPRD
BFREBHERNER Y 7EMTERERSA

Phytosanitary irradiation gz -0 oBES Phytosanitary irradiation  ISPM 28 Annex

Phytosanitary treatments (PT) based on ionizing radiation approved by the Inter-
national Plant Protection Convention.

Damage caused by invasive insects: 70 billion USD per year

- _ . . PT No. Pests covered Dose (Gy)
BAFTRICLBHEE | FHE700FK NIV EHE
. . . 1 Anastrepha ludens (Mexican fruit fly) 70
International trade, tourism + Global warmlng 2 Anastrepha obliqua (West Indian fruit fly) 70
=spreadof insectinvaders e ey b
.BZF\E%\ gﬁj‘ﬁﬁﬁﬂ' + iiﬂﬂ@f?uﬂ%ﬂﬁ =1§A§$@Tf£ﬁ& 5 Bactrocera tryoni (Queensland fruit fly) 75
6 Cydia pomonella (codling moth) 200
Irradiation now recognized as an effective 7 Tephritidae (fruit flies) 150
. . INTERNATIONAL STANCARDS FOR 8 Rhagoletis pomonella (apple maggot) 50
phytosanltary treatment by the |nternatl0na| 9 Conotrachelus nenuphar (p]um curculio) 92
icci H 1SPHI No. 18 10 Grapholita molesta (oriental fruit moth)® 232
Commission on Plant Protection (|PPC) GUIDELIVES FOR THE USE OF READIATION 11 Grapholita molesta (oriental fruit moth)® 232
}ET—\ m‘g-_w\_fg ;t‘)j%ﬂ’];’a\* q:%;}ﬁr‘kfg LT (2003) 12 Cylas formicarius elegantulus (sweet potato weevil) 165
13 Euscepes postfasciatus (West Indian sweet potato weevil) 150
%S\t %Wj{.— %,J (IPPC) TRHENTND 14 Ceratitis capitata (Mediterranean fruit fly) 100
. 19 D i b, ) Pl lilaci d P. mi 231
International standards: ISPM 18 and ISPM 28 (“{SEZIII;SZL;S neobrevipes, Hanococcus factnus an mner
.]Z'.RE [ P — 20 Ostrinia nubilalis (European corn borer) 289, 343"
(FED— EX?E'%I-) TEYIREE & U T OMETIRRE D e DiESt (|SPM No.18) ? The two Grapholita molesta treatments have different end points and are for
(BEFRRLIEELE) REEEHEY O H DEYRELE (ISPM #28) . irradiation in ambient and low oxygen atmospheres.

b The two doses for Ostrinia nubilalis have different end points.
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CDFEDMRDIY RIRA > b “BIFE” T <
NEOERP RN OBEDIE THB

BALERICEEL TWeRHESEEY L.
BMAEDOABERICELEZTVSDE LW

YES !

EVRERFZF/IC L > T
XSCNFFTILYT K

rEEOEYRELR (NPPO) (.
BYICRE S, REEAZHLCIIBA.
EETVLRHEEEYZACHROEY %=
L TR SR,

EYRERE OEF

» KDZSDOEANBEEHEYDEZICEE5TDLSIC
» KDZDEEDOEHYHREINDLSIC
» KDZDMBEEHNFHRELE TR (1SPM 28 EE)

New Zealand

2017 ORFEHYOERRES 30,000 B E
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NEFLRTIOMVBOZAFEA—ANZ ) PICHE
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D74 FOEHEAR U, Ihid, R—FIvmicHdY > - V> (Son Son) &
7>« 7— (An Phu) O2#OBEHRBRAI[tICHES. A—XANSUT7ZOREEZER L
NN FLDIEEDHFHRBHERTH B, N/ AT —TlE. LEIDLS BRI
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Peruvian figs and pomegranate to USA

NRIV—EAFI7 700 KB

FEBRUARY 2017:
North Bay Produce, Traverse City, Michigan began importing fresh irradiated
pomegranates and figs from Peru.

The USDA-APHIS approved
shipments came from Agricola .
Athos in Lima, Peru. Mark
Girardin, President of North
Bay Produce,credits the vision
of Jorge Checa of Agricola
Athos, the valuable

cooperation of SENASA
PERU, USDA-APHIS, Gateway
America, Gulfport, Mississippi
and Federal Strategies, to make
this vision become a

reality. The black mission

CDAFIVREIIHhSERIN, VY I:’JIIGquort @ Gateway
America TRE S N/c, ERZIMORBEEIC. XlBEAU/AMND
North Bay Produceft D& Ic B S /e

Exporters of irradiated fresh produce - 2017
BHAEHYOWEE (i) 20174

Indonesian mangoes and dragon fruit to Australia

February 16, 2018

/ \ AUSTRALIAN HORTICULTURAL Home F'ND ABOUT o OURCES NEWS €O
() EXPORTERS’ AND IMPORTERS'ASSOCIATION IMPORTERS/EXPORTERS ~ AHEIA

Indonesia: Mangoes & dragon fruit to enter

Australian market
YRRIYFERYYI—E RZ IV 7IL—YDBEMNDTTHZEAN
During the 21st meeting of the Working Group on Agriculture, Food
and Forestry Cooperation (WGAFFC) between Australia and
Indonesia - held in Melbourne from Feb. 14 to 15 - it was agreed
that Indonesia will soon start exporting mangoes and dragon fruit
to Australia.
The head of the Indonesian Agriculture Ministry’s Agriculture
Quarantine Agency, Banun Harpini, said Australia had agreed to
irradiate the fruit to assure the products would meet Australian
standards.

Export of irradiated produce from MeX|co
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Tons Main products
Mexico 17,200 Guava, mango, chilimanzano b7 /5%
Hawaii ~ 8,000 Sweet potato, papaya (to continental USA)
Vietnam 6,000 Dragon fruit, longan CREALMIT)
Australia 4,000 Mango, lychee, cherries
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Export of irradiated produce from Australia
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2017-18 (estimate Feb 2018) 2016-17 ¢

Product Exported to Tons Tons ]
Table Grapes Viet Nam 1780 1109
Mangoes New Zealand 1290 982
Cherries Viet Nam 370 0
Tomatoes New Zealand 220 134 I I I I I
Lychees New Zealand 200 2 - w
Mangoes usa 100 7% o e
Papaya New Zealand 22 ' D 4
Mangoes Malaysla 14 & FROM AUSTRALIAN FARMS ;
Lychees USA 12 [ | IN 72 HOURS! ;\.)
Capsicums New Zealand 9 0 X ?g
Mandarins Viet Nam 6 161 i i v
Strawberries Indonesia 2 0 v
Blueberries Indonesia 2027 1 2723 0

+50%

New EB facility for the phytosanitary treatment of fresh produce
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Pinxiang, Guanxii Province, Vietnamese border
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2 x 7.5 kW - 10 MeV linear accelerators (Nuctech)

Irradiation from top + bottom  EffI1i#Ess T LTH S MERS

Australia

Products presently irradiated in

Steritech facility near Brisbane /
REFT Y AR VAR D O
Steritech 4 BAHLIE 2019: new X ray facility
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Main importers of irradiated fresh produce
RANAEHEYOELZHAE

Tons (2016) Main products
USA (incl fromHawail) 30,000 Guavas, mangoes, sweet potatoes
New Zealand 1,190 Mangoes, tomatoes, lychee

Vietnam 1,120 Grapes, mandarins, oranges




Growing interest in using irradiation for citrus Interest in using irradiation for citrus
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TR DRAILEAN OBILHUEN USDA Valencia oranges after 2 weeks
S ssamomnaenss At FOOM temperature n=96
Citrus sensitive to low doses of irradiation: peel pitting
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re-treatment 12.89 --- 0
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Research at USDA-APHIS exploring new path: 50 Gy 1256 17237 695

KERHE-EEYREE (Animal and Plant Health Inspection Service) THT5T ey (conton 12.90 174.51 15.63
Combination of - ERT2EERE

feNLyyF7ALYY
g _

P

EARE DBS & EREOESLEDEHE DY - Bg‘f}; N
low dose irradiation (30-100 Gy) &
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short cold treatment (5 days) F”

150 Gy + cold Control (0 Gy)

Insummary: i) Changing the future of food irradiation?
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= Food irradiation making [slow] progress in most countries Conventional food processes happen in-house / in-line
BEmBHRIZFEAEDET BPMNICHEELTWS Washing
m Spices and herbs most commonly irradiated product Cutting
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m Use of irradiation as a quarantine measure is the most remarkable Cooling
development in many years Freezing
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= Now enough evidence that consumers do buy irradiated food -

though a fraction won’t 7. HEZEIRHBMZEATIEWVND,
TRREDH B, Tc& Z—HDHEERFETLTVWTH,

Retailers’ persuasion to come before consumers’ education
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Wider adoption of the technology might require a new approach
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Freeze drying
Pasteurization
Heat sterilization
Vacuum Packing
B CEREOMRRF PHEOBE TR/ XRETHL WY TO—FHAlEEK
Self-shielded accelerators and new types

of EB / X lamps may allow new approach




In-line EB treatment spreading in industry
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Liquid Packaging

Tetra Pak® E-beam
aseptic filling system
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Biopharma

Getinge E-beam Tub
Sterstar Sterilizers
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Microbial decontamination of the surface of almonds
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Almond’s skin thickness < 100 pm
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New generation of metal
ceramic lamps producing low

il b energy electrons (300 keV)
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Low energy electrons {ET X)L+ —BEFiR

No oxidation of unsaturated fats
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Peppercorn: &3 7 First LEEB unit
Penetration depth can be adjusted to reach micoorganisms successfully tested for
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Two LEEB units about to
be installed in USA and
Spores g5 > 1 log > 3 log >4 log Spain to treat spices %
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