17 TSAUFBHOHEER (48)

2-DCBDYIE
HEBEORE EEE (D~@) 0¥ERE"
DS/NEL QE—Y |k
= .3
AR wiz seziooe| wpigs | (SREVRE | @pze || o o | @
m/z 98 | m/z 112 | LEBDm/2 | STOLDLL | sotbme payae) | (be/e lipid)
112088% % HabARR IR

0 kGy #1 — - - - 6 - X x X X
0 kGy #2 - - - - 7 - X X X X
05 kGy #1] 97 52 9 ~13 8 0.674 [e) Q [@) [@)
05 kGy #2] 12! 60 0 —11 7 6075 [e) [@) [@) [@)
e kGy 0 103 1 -8 0 0.109 Q Q Q [@)
kGy #2 5 44 0 -11 67 0.117 Q [@) Q (@)
kGy 02 214 -5 7 0. [e) [@] (o) o]
kGy 261 205 -6 7 0. Q Q O [@)
4kGy 460 409 -4 7 0.456 | [@) [@) [@) [@)
AkGy #2 | 464 78 - 7 6.47 [@) [@) Q [@)

NERABR T BECHLFIEL,

®Om/z 98RUm/z 1121ZS/NEIESLLEDE—H%BH B,
@m/z 98B Um/z | 2TRRSADIE—IEROILIL, m/2 BICBVTRELEERES 2 3R EBPIEERAN SBLWAE—IEREO, F20LLUNTHLIE,
QRIFBHIETm/z 955 5m/z NSNEETRAX v REETIEE, m/z 98RUm/z 2B EBAA L QODAA DB EHHREMN0%L L) THS,

@EEEHFRBRAIREEBEOS/NILIN RO BE0.054 % 107 pg/g lipid) Bl L THE &,

2-TCBOHE
> HERSOWE EEE (D~@) 0
DS/NE E—JmiEt
RytGa e @RFvuifiE =
m/z 98%100&| EMT B @EgiE
m/as8 | m/a e | Lions | STOLOI: e sl | | @ | @ | @
20 4% 5% BRI *
0 kGy # - - - ~ i - x X X x
0 kGy #: — - - - 0 -~ X X X X
0.5 kGy #1] 99 172 4 0 74 0.097 [@) [e) Q Q
05 kGy #2[ 12 36 5 5 7 011 0] [@) Q Q
sy [kGy#1 0 2 3 -1 7 0.17 [6) [@) [0) (@)
kGy #2 56 0 4 3 7 0.190 [@) @) [@) [@)
2 kGy 233 54 4 ~ 7 0.354 [@) O [@) [e)
2kGy#2| 761 46 4 - 69 0.362 [@) Q [@) [@)
4kGy 460 585 4 - 72 0.727 @) [@) [@) [@)
AkGy #2 | 464 229 4 0 72 0.764 [0] Q [@) (0]
DERERTROERICHNIELE,

Dm/z 98B Um/z 1121=S/NI3EL L DE—H%BH BT,
@m/z 98B Um/z 12TRATNBE—IEROLIE. m/z BISBNTEHLEBRE 52 3R BSRIEETEN DRON AL — Y EIHD H0NLUATHD L,
QBB Tm/z 50 5m/z 115DBRATAF v BREFIEE, m/2 8B Um/z V2B EBAF L QDDA DEFREMN50%L L) THS,

@EZENREHRABRBROS/NLIHSROIEE0.068 x 107 pg/g lipid) bl L THBZ &,

F£18 TSAUFEMOHERR (FA)

2-DCBDOYE
HEBEORE FHE (D~@) OHELER"
DS/NH, @E—/miatt A i
BitGE [ rFE S5 |
m/z 98%100&| EHLT S @kEE
m/z 98 | m/2 112 | LI=B¥Om/z | STDEDL (L"fjggfi",}ggfg (ug/g tipid) © @ ® ®
H20818% &% e
0 kQy #1 - - - 30 ~ X X X X
0 kGy #2 - - - 16 - x % X x
0.5 kGy #1 61 113 0 2 0.04 [e] @] o] [o]
0.5 kGy #2 55 82 -7 0.05 [@) @) @] O
B kGy 44 140 | 0.11 o] Q [e) o]
|1 kGy 57 195 - 0.10 Q [0) [@) Q
kGy 5. 398 -4 69 0.200 [e) Q [@) [e)
kGy 3 285 = 6 0.201 [e) Q [@) [@)
4 kGy 395 385 - 7 0.499 (@) @) (@) Q
[4kGy #2 | 508 342 -4 72 0.488 (@) [e) (@) Q
NDEEERTRORRCHOIECK,

Om/z 98K Um/z 112(TS/NHI EOE—H%BHBT L,
@m/z 98B Um/z 112TRASNIE—VBERDOLLIL, m/z 8IZBULTERILY

QBRISBRITIE Tm/z 955 Bm/z 115OBATRAS v MEEFTIEE, m/z 98

@EEEFRERABELBREDS/NIEINSRHIBE0.054 X 107 pg/g lpid Ml ETHBZE,

ERESRSBRERMBERANOBONIE —VERLD, L205LATHEE,
RUm/z 128 EBAF 2 (200142 OEFREMN0%E L) THA,

2-TCBOHE
= > YUEHEEOWE EEE (D~ OHEHE"
S/NE E—-mEL
Rt mszions| was | (OETME | ozr ) | o | o | o |
m/z 98 | m/z 112 szﬁg}rz/z STDéi‘O)ﬂ: AHBEOELY (ug/g lipid)
H208E% %% e
O kGy # - - ~ 41 - X X X X
0 kGy #! - - - 21 -~ X X X X
0.5 kGy #1] 34 i . 75 0. (@) Q [¢) @)
0.5 kGy #2] 39 - 7 0. [@) [@) Q [@)
B kGy — 7 0.2 [0} [@) o) [@)
7 e |
G 5 4 = 76 5
e§ 456 384 ~ 75 0.505 [e) (@] (6] O
4 kGy 732 745 4 - 74 1.09 [e) (o] @] [e)
|4 kGy #2 | 1030 1189 4 0 74 1.00 @) [e) O Q
NERBRTROBRLRVNEELT .

Dm/z 98K Um/z 1121ZS/NESL EDE—~H%BH DL,

@m/z BEUm/z 12 CRBEhAE—HEEO L, m/2 VBITHVVCHELLL-ERE S AR ELMITL T, SIS
QERIFEERITIE Tm/z 955 d>m/z 115D TRF v 8

@EREFRBEAREBHOS/NILINSROIBEO068X 107 yug/g lioid Bl L TH B &,

158

ShRE—YEELD, L208URTHBIL,

BETIEE. m/z R Um/z 12 EBAA (22044 DEFHBEAT0%L L) THS,




£19 ISAUFRHOHERR (BA)

2-DCBDHITE
HEBEEDONE £HEE (D~@) n3EHR"
®S/NEE QE—VmiAL
= sl
RAUGE m/z 98%100&| EHT B (m@fgéfnjz"?'fo) @ERE ® ® @
m/z98 | m/z 112 | LI=B§Om/z | STOEDL | aztaum payasy) | (e/s lipid
1120FA% L SRR TR

0 kGy # - = = 1 - X X X X
0 kGy # - - = = 3 - X X X X
0.25 kGy #1245 75 -19 2 0,039 0 [e) [e] [e)
0.25 kGy #2|_ 256 5 6 5 0,038 @) @) [e) @)
sagy [05KGy#l 5 4 =4 6 0.086 e} Q [e) [e)
b 05 kGy #2| 427 4 -5 7 0.085 @) [@) [e] [0
1 kGy 666 36 ) 7 0.197 [e] [e) (@) [e)
T kGy #2 | 738 38 2 70 0.192 [e) [e) [0} e}
2 kG 3 74 ) 73 0.49 [e) [e) (@) [e)
2 kGy #2 | 669 65 -6 72 0.385 [6) (6] [e] [e)

NERE L F DB RLHEL,

Dm/z 98K Um/z 112{CS/NL3BL EDE—OEBHBIL.
@m/z 98RUm/z 112CERASNAE—IEROLE, m/z BIZBLTESILEERZ S AR EGRERFRNSBLLIE—IEIRILD, 2200URTHDHI L,
QRBEHHIETn/z 9505m/z 115OBETAF YU MEETIEE. m/z BRUn/2 12RTEA(F (20D A L OEFHBENORLU L) THS.
@R BN RS BAIEERBEOS/NEIMSROTBEE0.054 X 107 ug/g lipid il £ THBI &,

2-TCBDYIE
HEEE DRE £HA (D~@) O¥EHLE"
(DS/NE @E—vmEiakt ® o
MEaiRE . AX =
m/z 98%100&| SEBITD | oes 7 om @E=fE ® )
m/z98 | m/z 112 | LI=B¥Dm/z | STDED L AHBEOTED (ug/g lipid)
11208E% £33 HRDRR R E
0 kGy # — - - - 0 - x X I3 X
0 kGy #2 - - - - 21 - X X X X
0.25 kGy #1|__6 125 0 85 0.020 [e) [e) [e) [e)
0.25 kGy #2] 7 12 -2 0 0.0 [e) @) [e) Q
gy [QSKGy#l] O 99 0 0.04 @) [@) [e) [e)
05kGy #2] 8 3 = 003 o] (0] [e) [e)
Gy #1 13 620 - 0085 | [e) [@) [e) [@)
[ 1kGy #2 | 104 480 - 0.09 [@) [e) [0 [@]
Gy #1 106 40 2 - 9 0.21 (o] [e] [0) 6]
kGy #2 84 1 ? = 30 018 [@) (@) (6] (6]
NERBXFROEECREVINRELT,

Om/z 98K Um/z N2ATS/NEI EOE—%BHBTL,
@m/z 98B Um/z 11 2TEBSNBE—IERO L, m/z SBISBVGALILEERESAOREBAREBBENCBLNIE—VERLOD, L203NTHII L,
GHEIEHB I Tm/z 955 5m/z 1ISOBBITAF v BIEETEE. m/z B8R Um/z 112BEBAF 2 Q004 OEHEEMN0BU L) THE,
@ERENRELRIESHOS/NEINHRDHI-EE0.068 % 10™° pg/g lipid Bl L THB &,

%20 ISAUFRHOHERBR (—EY)

2-DCBOHIE
FEEHONE S£EE (D~@) DHERR"
(DS/Ni Q@QF—YEiELL
RARE m/z 98%100&| ELTD (m@;s;;;nz?“fo @EglE @ ® ® @
m/z98 [ m/z 112 Lf:ﬂ%grl/z smiafo)tt aEtmEQEay) | ve/elid
112088% % g
0 kGy #1 - - - = 14 — x X X X
0 kGy #2 - - - - 17 - X X X X
0.5 kGy #1401 0 -12 75 0.037 @) [e) [@) [6)
05 kGy #2405 0 -12 4 0.051 @) [@) Q [@)
g, | LKGy #1 4 7 =5 6 0.105 Q [e) [0) (@)
Gy #2 45 6 0 0.100 8 8 8 8
Gy 2 89 -5 0227
kGy 49 08 -1 0.195 [e) [e) [0) (o]
4 kGy 34 05 -4 i 0.400 o [6) Q [@)
| 4 kGy #2 49 27 =2 71 0.404 [e) [@) [@) [0)
NERBIE FROBECROIELE,

Dm/z 98K Um/z N2ATS/NEIEOE—HFBHBE,
@m/z B8R Um/z 12 THRMEShAE— ) EROLE. m/z BICBVTRULE- AR5 AR ERNELBENLBOAIE—IERLLO, L205URTHEI L,
QR HEFIRIETm/z 950 Bm/z 115ORBATRAF YRR ETIEE . m/2 B8R Um/z 112X BAA L 2001+ DAFHHBEN0%LLE) THD.
@R EBNBEEAEERRDS/NILINDRDTBEO0054x 107 ug/g lipidBl L THBT &

2-TCBOYIE
HEHEBORNS EHE (D~@) DHEHE"
@s/NE QE—s&EH’iL ®
BHEE . AEvUE =
m/z 98%100&] EMT S @E=R{E
m/z 98 | m/z 112 | LEzB¥Om/z | STDEDLL &"figg,i%glfg (ug/g lipid) ® @ ® @
12088% B e
0 kGy #1 - - - - 19 - X X X X
0 kGy #2 - = - - 5 - X X X X
0.5 kGy #1 3 43 2 -10 6 0014 @) [@) Q @)
0.5 kGy #2) 0 21 3 -4 7 0017 Q [@) @) (@]
H—x>, [ L KGY 3 40 4 3 6. 0.037 [e) Q Q [e)
kGy 26 42 -1 69 0.034 [e) Q Q [e)
| 2 kGy 08 84 -1 67 0.0 [e) [@) Q Q
KGy 50 17 4 66 0.06 [e) (@) (@) [@)
| 4 kGy 25 02 5 65 0.14 (@) (6] O [@)
[4kGy #2 14 98 2 67 0.15 [@) [e) [@) [6)
NEEE & FeOBECROFELT=,

®m/z B8R Um/z 1N2ZS/NIELIUL L DE~OEEBH BT L.
@m/z 8B Um/z 112 TRBEhAE—VEROIE. m/z BEBVGEULEERES 2B BRBIRLBRENSELWIE—VERLOD, 2208UNTHIIE,
ORI Tm/z 950 om/z 11SOBEATAF YU HEETIEE . m/z BRUm/z 112X B4 2004F L OEFHEEN0%L L) THB.
QEBEHNRRRBFEBEOS/NLIN SRDT-BRA0.068 X107 ug/g Ipid L ETHBTE,
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®21 MEREFELERABEROHERR

2-DCBQR¥5E
HEREEONE BEE(D~@) DHEHBE"
(DS/N QE—v@EL ® N
BAHRE m/z 98%100&| SERIT S AR @Eeil
m/z98 | m/z 112 | Li=B§Dm/z | STDEDLE ?é;ggﬁ%;ﬁﬁg; (ug/g lipid) ® @ ® @
120 EE% ) HRTARETTeE
05 kGy #1] 101 103 24 0 69 0.1 [@) O [@) [@)
gy [O5KGy 2] 101 94 27 10 65 0.11 [@) [e) [@) [@)
1 kGy #1 93 188 24 2 70 0.15 [@) [e) [@) [e)
1kGy #2 | 124 90 26 ] 70 0.14 [e) [e) Q Q
05 kGy #1] 101 85 2 -2 66 0.068 Q (0] @) (@]
B 05kGy #2[ 95 68 4 -2 64 0.067 [e) [e) (6] [e)
1 kGy #1 92 105 24 -1 60 0.12 [e] Q o Q
kGy # 111 85 4 0 70 011 [e) Q Q (@)
0.25 kGy #1]__ 71 52 24 [} 69 0.057 (@) [@) [@) [@)
mpy [025KGy# 62 53 25 3 70 0053 [e) [e] [@) @)
05 kGy#1] 18 54 24 1 68 0.093 [e) [@ [@) [@)
0.5 kGy # 70 49 4 -1 73 0097 [¢) [e) Q Q
0.5 kGy # 68 58 8 14 0 0.089 [@) (@) @) (0]
4y, | 05 KGy # 69 102 5 2 4 0087 [0) [6) Q (@)
~“ [T KkGy #1 89 63 8 16 4 0.16 [e) o) @) [e)
1 kGy #2 88 69 28 14 64 0.15 [e) [e) [e] 6]
NEEBETRORRIHNFEL,

Dm/z 98K Um/z 112{TS/NIHI EDE—HERH BT,

@m/z BEUm/z 112TRBENBE—VERO L. m/z BBV TELLEERES A SR BRMIEERBENLBONIE—IERBILOD . L205URTHE=E
QRIFMMIETm/2 955\5m/z 1ISOFBTAF vV MEEITIEE, m/z 8RUm/z 1I2REBAAL 22014 OB HBEMNS0%E E) TH B,
@FERBEMNREZRBEBROS/NILINSROIRE0.021 X 167 pg/g lipid) U L THBZ .

a

2-TCBOYE
HEHEEORE £EEH (D~@) DyER"
DS/NEL QE—JEELL ® N
EABE m/2 98%100| ERTE | (SAEVIHE | grgp
m/298 | m/z 112 | Licbsom/z | STOEDE | TE0Em 2 20| (e i o @ ® @
H208E% 8% ik aantdehiah
05kGy#1] 12 98 25 -2 73 011 [@) (@) [0) @)
e 05 kGy #2] 98 75 25 -2 70 0.11 [e) [6) [e) [6)
1kGy # 229 92 24 -3 70 018 6] [e) [e) [e]
1 kGy # 215 70 2 -3 72 0. @) [@) (@) [®)
05kGy #1] 45 64 2 =4 76 0. @) [@) @) [®)
B |O5kGy#2| 45 5 2 —4 76 0. [e) [@) [e) @)
1 kGy #1 103 90 5 -3 74 0.24 [e) @) 0] [e)
1kGv#2 | 104 116 4 -5 78 0.18 [@) [@) [0) @)
[0.25 kGy #1] 55 37 6 4 83 0.020 [@) (@] [0) @]
sapn [025KGy#2 83 57 -3 0018 [@) (@) (@) @)
0.5 kGy 103 62 ¢ 0.033 [e) [e) @) [@)
0.5 kGy 106 50 83 0034 e} @) [e) [@
0.5 kGy 32 21 -10 63 0.020 0 [@) @) [®)
4, [05KGy #2] 33 20 3 -8 65 0.020 @) [e) @) [@)
1 kGy #1 67 4 5 -1 63 0044 [e) [e) @) (@)
1 kGy #2 74 44 6 1 68 0.042 [e) [®) [®) [e)
NEHBETFROEECHOHEL.

®m/z 98K Um/z 1121S/NHIEL EDE—H2%BHBE,

@m/z B8R Um/z 12CHBShBE—IEROLIL, m/z 88ICBLTGEL:BRE5 A SR ERPEEREN BN~ ERLD. 205 LARTHDIL,
QRIFISEHIE Tm/z 950V 5m/z 11SOEETAF v MEETIEE, m/z BRUm/z 112HEBA1L QDDA DA HBEMN0% L E) TH .,
@EBENBREHAEERBEOS/NLLIN DR 1= BME0.065 % 107° p/g lipid) Sl ETH BT L.
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Ew SLOF TP

AAHRRL . fAREETYE—1t

SRR EX

iEEH20 g

28 (40 g) DEKFEBF NS LEMZ . AEHHE
(45 mm X123 mm) N TRGRES
A (220 mL)

YO AL—HtH

6FF R (F910H 4 0L/ ) Hh it

HMHEERDART VS

I EE 100 mLIZART YT

fEREERIE

KRBT MU L (10 Q) ZMARIE, —BRE

&R (5 mL) ZHREL, TARL—2—TiRiER . BERARTHEREREL
EREEE (B ZRIE

HH %R 2 BR

JaYvIhs L

#1200 mgDAERAICHE R Dt iRZE 7Y

2092 LIE550°C (5B LL E) TiEM LK 152D KEMZ —KE

AERIA R

GC/MS 734t

FEEAELEZOUDILI6 g2

HHEERMG MLEEZDIESILER)

AZH2 (150 mL) Tikif ($92.5 mL/min)

1% IF LI —TILINFH (150 mL) TAH ($92.5 mL/min)

INRL—E—(40°C) TIatE %R E

BRARTHELZRER. RRQIIOAFI L IONTY /2,
0.5 ug/mbL ~FH2)%200 g LM

GC/MSIZ1 uLFZEA

K1 AxRBZFo70—Fv—
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ARTICLE INFO ABSTRACT

An irradiation detection method using the difference of the radiation sensitivity of the heat-treated
microorganisms was developed as one of the microbiological detection methods of the irradiated foods.
This detection method is based on the difference of the viable cell count before and after heat treatment
(70°C and 10min).

The verification by collaborative blind trial of this method was done by nine inspecting agencies in
Japan. The samples used for this trial were five kinds of spices consisting of non-irradiated, 5kGy
irradiated, and 7 kGy irradiated black pepper, allspice, oregano, sage, and paprika, respectively. As a
result of this collaboration, a high percentage (80%) of the correct answers was obtained for irradiated
black pepper and allspice. However, the method was less successful for irradiated oregano, sage, and
paprika. It might be possible to use this detection method for preliminary screening of the irradiated
foods but further work is necessary to confirm these findings.

© 2009 Elsevier Ltd. All rights reserved.
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1. Introduction Detection methods are necessary to control irradiated foods

properly and ensure consumer’s choice and acceptance of the

Food irradiation is an effective decontamination method to irradiated foods. It also should help in the enforcement of labeling

retain the safety and the quality of foods by controlling
microorganisms and extending shelf life (Diehl, 2001; Molins,
2001). The irradiation of foods has been permitted with specified
doses within the rules in many countries (Pauli and Tarantino,
1995; Vounakis, 2001).

Irradiation decontamination of spices is currently the most
popular application in food irradiation because their aromatic
quality is well maintained after irradiation. This process has
already been cleared in 55 countries and practiced in more than
10 countries according to recent global survey by Kume et al.
(2009).

* Corresponding author. Tel.; +81722549844; fax: +8172 254 9935.
E-mail address: mfuruta@b.s.osakafu-u.ac.jp (M. Miyahara).
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regulations. The thermoluminescence (TL) method and ESR
method are the most reliable methods for detection of spices
and dry herbs and are authorized as an official detection method
in international standards (McMurray et al., 1996). However, the
analytical machines are costly for food inspection facilities to
practice the methods.

DEFT/APC counting method has also been authorized as a
screening method for irradiation detection of spices in interna-
tional standards (EN13783, 2001). This method is based on the
use of the direct epifluorescent filter technique (DEFT) and
the conventional aerobic plate count (APC). The DEFT count
enumerates the total number of contaminating microorganisms,
irrespective of viability, in an untreated or treated spice sample.
The APC indicates the number of viable microorganisms
capable of forming colonies of an agar plate and is expressed as
colony forming unit (cfu). The quotient of the two counts [log
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DEFT/APC = logo(DEFT count/g)-logio(cfufg)] can be used for
assessing whether the spice sample has been subjected to a
decontamination treatment (Hammerton and Banos, 1996).
Although it is difficult to get clear information on decontamina-
tion processes (irradiation, fumigation or heating) this method is
convenient for food inspection services because existing food
microbiological techniques can be used without purchasing
expensive equipment. However, during the study of this method,
we found several practical problems. For example, frequently
there were problems in filtration of some food extracts to recover
the microorganisms. Particulate food materials on the filter are
often stained with fluorescent dyes as well as microbial cells
causing overestimating the DEFT counts.

Several workers reported that microorganisms damaged with
ionizing radiations showed increased heat sensitivity (Diehl,
1980: Nakauma, et al., 2004; Shintani, 2005). We also found that
microorganisms contaminating several popular spices were
sensitized to heating when they had been irradiated with
increasing doses (Takekawa et al., 2009).

In this paper, utilizing this effect, we describe a new screening
method based on the difference of heat sensitivity caused by
irradiation avoiding troublesome procedures such as filtration and
overestimation in DEFT counting by ambiguous fluorescent dots.
This method contains the stepwise assessments based on the 2
APCs, before and after heat treatment (70 °C, 10 min) of the extract
from an untreated or treated spice sample. The quotient of the two
counts [log APC(before heat treatment)/APC(after heat treat-
ment = logo(cfu/g before heat treatment)-logo(cfu/g after heat
treatment)] can be used for assessing whether the spice sample
has been irradiated. This method is easier than DEFT/APC method
because it contains only heat treatment and APC.

In this paper, we set up collaborative blind trial of this method
that involved nine food hygiene inspection laboratories in Japan, in
order to validate and evaluate the feasibility of our new method.

2. Materials and methods
2.1. Preparation of blind samples

Untreated black pepper, oregano, allspice, paprika, sage (12 kg
each) were purchased from a local spice importer in Japan. All the
spices are widely available in the Japanese market. Fifty five to
sixty grams of each spice item were dispensed into individual
nylon bags and heat sealed. The bags were irradiated at 5 and
7kGy with 10MeV electrons (11kGy/s) from a Rhodotron-type
electron accelerator (IBA, T-200) in Nuclear Fuel Industries, Ltd.,
Kumatori, Osaka, Japan. Radiochromic films (FWT 60-00P, Far
West Technology, Inc.) were used for the radiation dose measure-
ment. The radiochromic film dose measurements were traceable
to National Physical Laboratory of United Kingdom by using the
Mail-Order Alanine Reference Dosimetry Service. The irradiated
samples were distributed to the collaborators together with
unirradiated samples (5 bags of irradiated samples at both 5
and 7kGy and 5 bags of unirradiated samples for each of 5 spice
items: A total 75 bags were distributed to each participated
laboratory). All the bags containing the same item were
distinguished only by sample number to each other. Plate count
agar from the same lot was purchased from Nissui Pharmaceu-
ticals, Co. and dispensed to the collaborators.

2.2. Collaborating laboratories

The following 9 microbial research laboratories were collabo-
rated in the blind trial; Osaka Prefecture University, 1-2 Gakuen-

Cho, Naka-ku, Sakai, 599-8570 Osaka, Japan, Japan Food Research
Laboratories, 52-1 Motoyoyogi-Cho, Sibuya-Ku, Tokyo, Japan,
Japan Radio Isotope Association, 1-19 Toriino, Koka, Shiga,
Japan, Japan Food Hygiene Association, 2-5-47 Tadao, Machida,
Tokyo, Japan, Tokyo Kenbikyo-In Foundation, 44-1 Nihonbashi,
Hakozaki-Cho, Chuo-Ku, Tokyo, Japan, Japan Oilstuff Inspector’s
Corp., 26-1 Kaigandori 5-Chome, Naka-Ku, Yokohama, Japan,
Japan Frozen Foods Inspection Corp., 2-13-45 Fukuura, Kanaza-
wa-Ku, Yokohama, Japan, Japan Electron Beam Irradiation Service
Co., Ltd., 4-16 Midorigahara, Tukuba, Ibaraki, Japan, Mycotoxin
Inspection Corp.,15 Daikokufuto, Turumi-Ku, Yokohama, Japan.

2.3. Procedure of aerobic plate count (APC) without heating

Twenty-five grams of sample was put in sample bag (400 ml)
with aqueous solution of 0.005% Tween80 and 0.1% polypeptone
extracted by a stomacher for 2min at a stroke of 200rpm. Five
milliliters of the extract were dispensed into a glass test tube
(18 mm inner diameter). Original extracts (0.5and 0.1 ml) were
spread in triplicate onto plate count agar (PCA) plates (Nissui
Pharmaceuticals, Co.). The rest of the extract was serially diluted
(10-fold step) and 0.1 ml of each diluted sample was spread in
triplicate onto PCA. The plates were dried and incubated at 30°C
for 5 days. Colonies were counted on plates that had 30 to 300
colonies.

2.4. Procedure of aerobic plate count with heating

Five milliliters of extracts prepared as described above were
heated at 70+1°C for 10min in a waterbath with continuous
shaking. APC of the heated sample was evaluated as well as non-
heated samples as described above.

2.5. Evaluation process to identify irradiated spices

Evaluation procedure is shown in Fig. 1. The procedure consists
of two evaluation stages. For the first stage, the values of APC
without heating were used. If the value was less than 10%/g of a
sample, the sample was judged as irradiated. If the value was
greater than 10%/g of a sample, the sample was forwarded to
the second evaluation. For the second evaluation, the log,06APC
(before heat treatment){APC (after heat treatment) [The logcAPC
(before heat treatment)/APC (after heat treatment) = log;o(cfu/g
before heat treatment)-logo{cfu/g after heat treatment)] was
determined for each sample. If the value was less than 0.1, the
sample is judged as non-irradiated. If the value was more than 0.1,
the sample was judged as irradiated.

2.6. Statistics

Each value (cfu/g) of the samples provided by the collaborative
laboratories was divided by the mean value obtained by taking the
average of all values of the samples treated by the same condition.
If the cfu/g values gave the results less than 0.05 or more than 10,
they were omitted as outliers deviated from the mean value of the
condition. The other values giving the results between 0.05 and 10
were used for evaluation.

3. Results and discussion

The overall results were shown in Table 1. Ratio of correctly
judged black pepper was highest at 7 kGy (>95%) but even 5 kGy
and non-irradiated black pepper gave the ratio of more than 80%
(36/44 at 5kGy, 37/45 at OkGy). Seven and 5-kGy irradiated
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Viable cell count A

YES

NO

Heat Treatment
70°C, 10 minutes

'

Viable cell count of
Heat-treated sample B

Non-irradiated

*1 Less than 0.1 : Judged as non-irradiated sample
*2 More than 0.1 : Judged as irradiation sample

Fig. 1. Flow chart of procedure for step by step judgments whether or not samples
are irradiated.

Table 1
Results of inter-laboratory trial assessing the 2-stage microbial detection method
for irradiated spices.

irradiation dose Black pepper - - Allspice’ ' Oregano - Sage Paprika
OkGy Correct 37/45 33/44 18/44 3/44 - 12/45
False 8/45 11/44 26/44 417432 33f45
5kGy Correct 36/44 45/45 44/45 4444 - 38[45
False 8/44 0/45 145 0/44 7145
7KkGy Correct 43/45 42/42 45/45 43j43. . 44[45
False 2/45 0/42 0/45 0/43 1/45

allspice samples were successfully identified but 11 non-
irradiated samples were judged as irradiated falsely out of 44
samples. Irradiated oregano samples were similarly identified. In
contrast this procedure could not distinguish irradiated sage
samples from non-irradiated. Non-irradiated paprika samples
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were also not correctly distinguished either (12 samples were
correctly identified out of 45 samples).

Although 1st stage of the evaluation could not distinguish non-
irradiated black pepper and allspice from irradiated ones, the
accuracy was improved by the 2nd stage of the evaluation,
suggesting that the irradiation sensitized the contaminating
microorganisms to the subsequent heating, as expected. On the
other hand, oregano, sage, and paprika did not give satisfactory
results even though the 2nd stage of the evaluation was
employed. The unexpected reduction the APC after heating of
the non-irradiated samples indicates that heat-sensitive vegeta-
tive microorganisms were contaminated in the samples.

In conclusion, this method is applicable to at least black pepper
and allspice to screen irradiated samples. We are now trying to
identify microbial species in such samples and figure out their
radiation sensitivity and heat sensitivity to verify our method
more.
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Table T Dosimetry system for low dose irradiation of foods

Item Dosimetry system

document ISO/ASTM- IS ASTM Shihoro!
dosimeter system Alanine Fricke Fricke

element alanine Fe'"iFe™ Fer™/Fe™
measurement ESR” photometric photometric
traceability required required not required
temp correction applied applied not applied
temp range (°CY" from -60 10 90 from 10 10 60 from § to 137
measure for O, effect no effect scaled ampoule  stoppered tube
dose range (Gy) 1 to 100k 20 to 400 60 to 150

1) Ongoing conditions at the Shihoro Facility
2) ESR spectrometric
3) inirradiating chamber: temp. coefficient is 0.168%/C ASTM E1026-04

4) The indicated temperature is a range for entire irradiating season.
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Fig.4 Frequency distribution of dose values ob-

tained for the second run (March 5, 2009).

The data are obtained at the second run.

The precision of dose was estimated less

Fig.5 Positions of dosimeter element at the max

than 2. 3% at 90% coniidence. ) .
and min dose value for each container.
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Table 2 Number of dosimeter elements and observed max and min doses
position!’ 1o 72 148 33.36.40
33.36.40 65.68.72
(number of dosimeter (72} (9) (3)
elements)
uniformity 1.08 1.07 1.04
max (Gy) 1498.1 147.0 147.0
min (Gy) 137.3 137.3 140.8
ave (Gy} 143.5 141.8 144.1
5D 2.3 2.8 2.5
CV% 1.6 2.0 1.8
1} Positions are shown in Fig. 5.
H o>k 3 45 T 20 em MR L2 4 B it it ULk, a7 +TORTHICBILELHD

AEAtE T 50BlEUN TRV, EToHEH
OB HETRDOTEOEERS LR
FOMOBFI, 3T ERTEHIN I
AR OB L RS AR TF OB b’H{%

WG, LEOF— 5 RIWT, TFEr o
FF 1 HHY 72, 9, 3 & L72HE T Table

2R L Bt oBil L - ¢,
ik 1,04 ~ 1,08, I Kiunfiid 149 ~ 147 Gy,
WAL 144 ~ 137. 3Gy L o 7o Fig. 6
IZENSOfiPE s aioNEEs " L.
MARBERERLIMNEERG R, WO 7
TENEN 34, 35, 36 O (75 WHW &
x) Tholo

a vy FREORAKBEOMNEER, b
m~mnm®m@ﬂwmtto:n@,m¥
FHimOMORBENELT B2 &, VI,
- “THAEA
X R s R A DY IR S

Ty

I

FF oI T Y T F 0% =-}f~; - X
25D ¢ E A

, HERZBEEFHEICLESR

FTORIL, BAMELT 25

%ﬁhﬁi&:liﬁiﬁ B 75!!']( 20 cm [ FE T 3L L&
EThrLEZON, KHEESGZHET
*”*—ﬁ:h?iaﬂﬁ WL O OMBEE EEEL, X
DIEREICRARKHBE IR 20BN H L7255

a v 7 FRETORNMERBEOM BRI

WTHDH, MBI LIBMEORTIZa 7+
OB AR L THEIBRoOES s N
LZHEOBRE OB LR L0, Wmiiddui k

D¥6emEL bid, BEIMETTLHDT

3;)733)0
S DIERD & D HEW S 5o 788,
ﬁ BH A B 2 i N f}‘g_@:l VI T

&@ﬁ&ﬂLic&dM’$ﬁéht&
it & 2O OBREE o /MR & OBR
&J#Jb\f,. WL, T v T REORASERIZ

1 H 133Gy & 2 H 137Gy ¢, #hZEho
REHIMORAMAEILS3Gy &£ 55Gy T, %
Bt LoMefiEcd 508, 2 FFNEoEAD
WAL O P S FEEOREE ZITRT VO
T, BT 2357 FOBEEHRE 4 0ldh

WL OKE SEBICT 2% EEEI ) L8R
HDHIEAHHE,
4. % W
TIORRIGELC 7Y v F R W TH:
BICAR L 288k owTEEEE LT

Wwh, }i, :\E]] 7= \/'f;’}zél_u'l AT AL ﬁi
THL 7Y v rfEtEl e Ly ey a vy

%@%Ttﬁiéwwﬁﬁ%MﬁT%,sz

HEEAOHMAPTETHZ ZEPRENT.

HE
if\_, 7;\71’{_‘(1,1"‘ 3"’3‘1‘(, /x»,U}'L 5'["3‘0):’




