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Natural products such as food and herbal medicine are susceptible to insects and mold. To develop disinfection and
sterilization technology, the author applied electron beam (EB) irradiation to spices or crude drugs and used electron
spin resonance (ESR) spectroscopy in order to establish a method for detecting irradiated products.

A single line ESR spectrum near g = 2.005 was observed in spices and crude drugs. The intensity of the main
signal near g = 2.005 increased, and sub-signals at ca. 3 mT on either side of the main signal (g = 2.02 and 1.99)
were observed after EB irradiation. The before and after irradiation radical concentrations were high in herbs.
Multicomponent spectra with specific shapes of mono- or disaccharides were observed in irradiated roots drugs.
The observed spectrum of a post-irradiation plant sample was approximately similar to the summation of a spectral
component derived from the pre-irradiated sample and components derived from post-irradiation of carbohydrates,
including cellulose. The time decay of intensity spectral components was well explained by first order kinetics with a
variety of rate constants. The sub-signal at near g = 2.02 was ascribed to the high-dose response and stable cellulose-
derived radical components. It was revealed that the specificity of the ESR spectra derived from these carbohydrates
was detectable for 6 months in herbs and for 1 year in spices, barks and roots drugs after 10 kGy EB irradiation.
Therefore, it is expected that the evaluation of radical signals derived from carbohydrates will be utilized to judge
whether plant foods and pharmaceutical materials have been irradiated.
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CHIZ BT EOTE BHARMIBLINITH . FHC,
EB IS Tld, MERNE V2O, HFHOLI D
WRETH D, X7z, M ZEXMICaY buo—ILT
X5, BFEENEV. 2721, EBOYEHO
BTy fix EICHEXRT/hE WV, LR - T,
EB ST K 2 RN RBGRETE 2153 % T2 91,
T, WRYHOME 2R L T T EHE
BLiRb.

T 5T, 1980 4F @ = B 1 J1 ¥ B (The
International Atomic Agency, IAEA) / TH5{R (&R
(World Health Organization, WHO) / £ fg 23ER%RE
(Food and Agriculture Organization of the United
Nations, FAO) D&ERZERRICHBNT, 10 kGy AT
ORS RO OE S THNTUR, 157
55 HEICBWVTH R « N—THZHIDE LR
RIHDBAIEN, ZORMEHIhE > TS,
L7ei->C, WRGHLUEG O B0 5 @M
RS 2728, WAMDIRGLERTH S, X
12T 5 OIGHREDFFEREIEN TH 2 D
HIREREICAT > B O BRI 25 T 5.

ZCT, BmPEERERELUTHHEINSG K
SR 3503 % EB R bR ALEE R 0D Bl 7 Mo O %
R ALEE S ORI B Oz 2 B & U, FEERRGEt
Zitolz. BEAME YA FavzEeTVERE L
T EB ISt DR E RN R 2 Mt U 72 /bR, 5 MeV O
EB % £HEMEN 15 kCy L 755 & 1 L il L
e, FRHERANORERE D MIE, FEHE 0.9
— 1.0 g/em® IZBVTHRERAEON 1.2 5L 55K
Kfizz;mL, FREBEOEINE L IC2BICHDT
K295 L, ZTORE, EHRK (MR,
10" colony forming unit per gram, cfu/g) Ti&, 7
g 1.5 g/em® DUF, WRUGRE 12 kGy ALE, &5
IS, UA a3kl (R 10° cfu/g) Tl&, FH
B 2.3 g/em® LUF, Wi 3 KGy DL b A5
B 10° cfu/g LN OREZIRMED NS T L2 R
U7z, X7z, AL N)LD EB EHHT X 2 R S
DZELIFHER S NG - Tz,

ARTIE, EBRHLIZEER - EROHKT
V= DIV T U h VB B A
5 (electron spin resonance, ESR) 1 X D fi## L,
TR B LB S DRI EL IR & LT ESR D F
TS DWCERR T 5.

2. ESRIZEIC & 2RI L ERORE

BB 10 UHRIRSHC & 3 Wty Oy
(L2, ML Th . RO
H%, BRI OMRRNIC L U 72 iR O ok
. RERSR T EAS A & DT . —7, —
H ORI ORI b 5 v 7 X h,
HR B2 7 7 ) — 5 97 W7 B e
H3. TOEMICKTy TENTMfgEDO T —
FY/VEESR CTHIET ST Lick b, Mm%z
BIRITE 3. HC, ESRIEN, JEREHEN 7SR
WIS TRE T d B o, USRI L7
50 B S B JEURL D SRS BTG A & L TS T
3. BUTW, SN ERROROE (HikoT Y
JV) R, CAZFAF v vDik, /ST NRT
NV (wva—XdkI I HL), I, N
A, D OMREYIE (5Pt
SUN) ERRE LTI BORAIC ESR 7
BHLTNG. LT, SAREmEER S L
TOBARTIE, ZNEDERSRIETHS T
LD, HEGHEIESTE, ESRIC K BAEKS S Y
TV OBAETE .

2.1 1BYHEZRD ESR AR MR

¥ BEEFRERZEELE T 5 Y% E
. ) 3 7 (Perillae Herba), + > 7 (Sennae
Folium), % -4 t (Cinnamomi Cortex), # 7 /N
2 (Phellodendri Cortex), = > ¥ » (Ginseng
Radix), 71> V' 7 (Glycyrrhizae Radix), ¥ v 7
v 7 (Paeoniae Radix), 3 73 37 (Zingiberis
Rhizoma) OIESfHT &, RAFHX, 25°CT 10
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kGy @ EB it L7z ®D ESR A7 b UM%
Table 1 & U Fig. 11</R9. BEHTOEFKICIE,
g = 2.005 fHiLic—EHAXRT MV E N,
AEVIEEIX 10" — 10" spins/g DLV TH -
7z. 10 kGy Hgdtecld, > 7 FIUssfEd 10" —
10" spins/g DLW LTz, R & 75 2 i)
OIS KD A VIBEIIEH L, ERFRELT
W5V Ity T, BEHRiEBOVTIhO
AE VIREBMOAIEFRIC X TR o7z, C
DX 2 REIERYID ESR AT MVICBIEREI NS
g = 2.005 BED T 7 IV, SRS
T, R LICE XD KRT BT ENHENT
B0, RUTx/—)VEEENSD B WVIERENIC
b 2EETHEEINDEIF/ VI TN
RBENTOS . DD, VIAUEETE, B0
R Y Ry 7 VR EDRY T2 ) —)b
MEL DT B8, AECVBEBENEVWEEZD
ns.

—J7, EBBHHED AT Micix, Wihot
HEFRICBWTE, g = 2.005 fhaoHhgks 7
JL# 3 mT RO (g = 2.02, g = 1.99) I
YT T FIVHBIREI N, TV AV AT D
BER, chbsikbla—X07)a—2xa=y
DC2, C3NIUTHELBD e FaF )7 )VFILs5Y
ANICEB M) T Ly b T FIVIckES N
¥z, Wba—2XHRDOT VIV T FIVEEE L
Wi & AHBE M2/ R U7z, FRIC, Fig. 1ITRL
TWVW3 (IEKKD U T Ly FOKESGN (g =
2.02) D7)V, M HkoZ IV T
FIVEDEZONDIEL, bva—AdKkS T )
JVORTEREMEDOENT EMHBHL 7.

IHlL, =TV, v IX s, vavFay
DIFZED AT MV, BRIBDILOIERFRIC T
HWURERER L., TOXSHARY MV
3, WS LSRRI B OB E NS HikEE

Table 1 Characteristics of spectra obtained with crude drugs.

Sample g value spins g!
Irradiation  before 10 kGy before 10 kGy

Perillac Herba 2.0056 2.0057 4.49X101 3,71 X107
Sennac Folium 20041 20053  229X10% 337X10"7
Cinnamomi Cortex 2.0049 2.0053 1.56 10! 1.37X10V7
Phellodendri Cortex 2.0060 2.0059 1.03X 1016 3.45X1017
Ginseng Radix 2.0052 2.0062 2.61 X105 173X 10'6
Glycyrrhizae Radix 2.0059 2.0058 9.53 X105 1.90X 107
Paconiae Radix 2.0067 2.0060 3.40X 1015  826Xx10!6
Zingiberis Rhizoma 2.0044 2.0042 3.34X10%  3.45X10'¢
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Fig. 1 ESR spectra of crude drugs, un-irradiated (solid line) and irradiated at 10 kGy (bold line) on
modulation width 0.2 mT. Inset shows sub-signal (g = 2.02) on modulation width 1 mT.
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2. 'Fig. 21C BB A L7 Hill - WO ESR 2 OIEVIBHIRANY FUBBEE R, Rl o—20
X% 1 V%, Fig 31C EBMSHEOBEOAY Y X5 5SHEE D & EHE - RSO RGHERZ D

Fig. 2 ESR spectra of mono- and disaccharides after 15 kGy EB irradiation.
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Fig. 3 Spin concentrations of carbohydrates after 5 hr of 15 kGy EB irradiation.
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FWC AR E NI, LT, ATZI—AR
SIVb—=X, T)V7 b=z EDEHEDE O
E DI EGHRE A R & 3 243K TIE, HURHRR %
ICHURE - TR S VD AR T UK R i
RITBHENTES.

2.2 BHHEZEROREIOIAEHEARS
EB IRt D436 %, & 40 £ 5%, =i (22 +
5°C) R1FE LIz &I E NS ESR AXY kLZE

{b7% Fig. 4 ITR"9. g = 2.02 (\BEDw)bm—XH
K IV ER I CTH 50, BEHENLE
B S, 10kGy LV Iyt F
TN 6 7 H, ZOMOESETIIN 1 EMICDE
D, YTFIVDOXRX=ZAF5A4NEDE—TEHE ()
DARBHAEHKDOFRNMEDR—=A T 14 D/ A X
(N) @ 2 5L L (S/N > 2) O5&E TRt E Nz,
X5, Fig 5ICRT &SI, v rvrbys
U 3 U THIE NI HEE - R O IERFR

Fig. 4 ESR spectra of sub-signals (g = 2.02) obtained with crude drugs after 10 kGy irradiation.
The dashed lines represent ESR spectra of the drugs before irradiation. (modulation width; 1 mT). .
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Fig. 5 ESR spectra of Paeoniae Radix and Zingiberis Rhizoma after 10 kGy irradiation. The dashed lines

represent ESR spectra before irradiation.

IERHT T HIVE, BREHMSK 1 FRICBWTE,
ZNBDANRY VL ERETE 2. BifE, &
SIS ATE O AL, BREOBE H I T
F B RAUIRES 10 — 30 kCy LB TS,
LihinT, CRBEOHEE, ln—A KT
- S E OBTEHDRT VAL S U,
(R 2 G = BRI 3510 C, RO
WIS HIE B A 75 0 185 T & B L
5.

2.3 BESI NI OFRES

Fig. 6 IC I ERDOHK T ¥ IVEIEEZ RT.
TBEBOEKS DIV FF Vs, PO
WARENKE L, MEHE 1 HDANIE, Z0 30 —
40% DN LTz, Z D%, JERICIHREHEITE
B0, ¥2 7 AT, EHEIREISE DV .
T DX S HEKS YV IIVOBEEENL, ~T oy T
PN —FEREH L D Is W Bl — RS () = 1, e™)

TlT 5T LIFTEY, HROEND Ty T

POREA T B BB O (10 = L(1+ y 97) 1

KL=l 2onXElicky, 7V by
ToUEREELTWAY YT, BEHRO
E%W@ﬁ%?ﬁﬁ»vﬁ%»@ﬁﬁ%ﬁk%

, —f, AVO—AZHEDHWZ=_V I,
h/vﬁ,yvbkﬁ?u,ﬁ%7VﬁWV7
FIVOWEFEMUDAEIEE D & /N WEAICH
BT et E NIz, DF D, ASKERMEIC
PRI BEKT VIV ORESEEN, YRR
DEBELTED, WM+ R
V7 /—)VICHkT %5 I7)0, BRI
MR =S REYIAELAR C OREEE DRSS IRARIC K
BEENRKREVEEZ LN, BE, THK5R
rzfED TS, EUKRETH LI T3
TR BRI, WIS ERZ
g 2EMETHO, MR ZHE T 5E
BHEERT E N TR, LidisT, Ak
&0, Bz, WY EGHEEEEKT TN
V7 )VENREIC B ME 2 R 9 2 e IR
X, BSHREOERILICSHTE 5.
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Fig. 6 Time dependence of total intensity of ESR spectra (from g = 2.031 to g = 1.979) amplitude obtained for
irradiated crude drugs (10 kGy). The solid lines represent simulated plots (1 = 1, (1 + y(t-0.2))™).
The ESR measurement were performed after 5 hr of EB irradiation (t = 0.2).
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EB WS U 7o fE 13K D ESR AR MLz 5
VIV L, Il a—X (g = 2.02) RUH
B - BRI EOREE RO AR T 2 A)URRHIE
MY, IERTH FIVE O @O AR R LR 5 D 5 R
Hifich s c L zHALMC LTz, 5, BEH¥E
KAtz g & LIcAtkS 2 VAL D RNE
RISy T, EESHEEOME, <512, A
Z T IVIEICRHE U T2l 7% ESR 25 & A7
MIVIRNTY 7 S OFIFNEETH 5.

HEE AWIRICHIZD, KA, EIREEELE
2D & UTe, Frie R EAR R R E S A
7 LRSI (T2EED) KHMEFHEREE, %5 TIC,
RBERR S ARRHE R E BRI < RGHEL
9. MLOTHERZHEX Lz, FiERFAEA
FeER HIOPHREER, ZHTRBIR, TRITEE,
mriiE e EdR, 7o, RESERRE: S L]
PR, WS EEO ERIEHHRLEY. A
Bl CREEE X Uk, MRS, 75
THEEHRA 4L, BB L CIHEE L7, AA
BIREY — AR S FEAMME, FAN
Bk, AR CAIRIHE £ U, #HIEAH
AT AV b= T HEET B b
L L B RS, AR eED 5IcHeb,
WATHE & U7z, KEEERAE IS BEHEAARTSE
B AFEOERRICTEELAR L BT Y.
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