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Gamma-ray sterilization and trace elements analysis and specification of
Chinese herbal medicines
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ABSTRACT

Chinese herbal medicines originate from many different locations, causing
a wide variety 1n the quality of their components. Of these components the
concentrations of microbes and trace elements directly determine the quality
of the herbs. The results of this study, which aims to establish methods for
gamma radiation decontamination and investigate trace elements in Chinese
herbal medicines, will be supplied to the Committee on Chinese Medicine and
Pharmacy of the Department of Health, The Executive Yuan, as a reference basis
for setting up laws and regulations governing Chinese herbal medicines.

For the 1999 program we have selected the following ten Chinese herbal
medicines to be included in our study: Scutellaria Baicalensis, gingko, dried
Rehmennia Glutinosa, prepared Rehmannia Glutinosa, lycium fruit, ginseng,
Ligusticum Wallichii, dangshen (Codonopsis Pilosula), Chinese yam and Chinese
angelica. Irradiation takes place at the 30, 000 Curie Cobalt-60 Radiation Cell
located at the Tsing Hua University, Nuclear Science and Technology
Development Center, Radioisotope Division. Our study comprises determination
of the effective gamma radiation dose for each selected herbal medicines,
establishment of the radiation conditions, the proper gamma radiation
decontamination techniques, as well as analysis of the medicinal herbs after
decontamination. Analysis of trace elements includes neutron activation
analysis and atom absorption spectrum analysis and the resul ts of both methods
are compared.

The results show that complete decontamination of lycium fruit,
Scutellaria Baicalensis and ginseng can be achieved by administration of a
20 kGy dose of ma radiation; for gingko, dried Rehmennia Glutinosa,
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prepared Rehmannia Glutinosa, Ligusticum Wallichii, dangshen (Codonopsis
Pilosula). Chinese yam and Chinese angelica a dose of 10 kGy gamma radiation
is adequate. Further tests show that there are no notable differences in the
function of the medicinal herbs before and after radiation. The main
components of lycium fruit and ginseng, for instance, indicate no notable
difference before and after radiation.

In this study we also establish pre-treatment methods for Chinese herbal
nedicines samples used for atom spectrum analysis. Compar1son between neutron
activation analysis (NAA) and atom absorption spectrum analysis (AA) of trace
elements in medicinal herbs has shown that there are no notable differences
between the results of both measurements.

The correlation between different doses of gamma radiation and the viable
counts of microbes, as well as the inquiry into the optimal radiation dose
for the medicinal herbs used in this study can supply the industries with a
reference for gamma radiation decontamination of Chinese herbal medicines and
government agencies with a basis for laws and regulations concerning the
dosage of gamma radiation decontamination. The method of investigating trace
elements in Chinese herbal medicines by AA analysis and the pre-treatment
neasures we established in this study can form the basis of AA analysis ol
trace elements conducted by pharmaceutical plants and manufacturers. In
addition, the AA analysis results can be compared with the NAA test results
and used to establish a data bank on trace element analysis of Chinese herbal

medicines.

Key words: Chinese herbal medicines, gamma-ray sterilization,

O
o

bHmERBARE  LERS TR - BRER > REBERACE - 17F &
BABRBE R EYE (M) PREATAMAMEEABALE - EERK
Ham b EEASAAN 0 SEM PHEAERED ML REIMRREET
EREBHYE S NHEARARZLE - A— & B e BB AR AZMELE
£ ByARR (2R E St B b A AR B IR R E LEZARYE -
Mertz (VBp 32 ik S AR L BB » 15 HAREBSHEATIHE KL &
RBENRE S LB RERUT THIFBE I 2B RS IBE M 64 ek B B

l'l-.

— 283 —



BRAFTHELBLSME - BIbPE (M) FPHEATHASAES M T EE
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0.001M FeSO, » 0.001M NaCl R 44407 f.2 0.8N BB KEmR - RI24tHE
Z A F 4 B4 F(Fe™) 8 b dsatF(Fe’) » 4 304 nm EEBABE FHE
B AREE T EEREZ - MAKREFZHEHERBRA  BEB) (12
%) o B2 1L 0.01 M 2 CuSO, fo ANBRER SE488% F » B4R EE-T 64938 RAE A i
VIR 2K TR FHRENE 100Gy
(=) FB()ERAL 4 R
AR 10 P EGD) N EL S P M P REITAPER
O 7 2 4RR N 5 BA o $H5— P Bk LB AT A REUR 0 BBk B =
FHEBAM - BB EHH AFER 1S5 g EWRSRT » Bk RiiaB A g-
60 BBATHTE » BNIESAT RIS TIEMZ BHE L BRHABURES4E 10 #
el o [FRAELMIZIELFRNHIHBEHBEE - RDLEFE BHET
PAEREE - MG B T 2 BB F - B Rk S IR B E BT A DS F R
(Z) AL RS E e R RY
1. gz 4 & Plate Count Agar (PCA ; Difico. Co.) ~ Potato Dextrose Agar
(PDA ; Difico. Co.)Z 8 # : B PCA # K 23.5g ~ PDA # XK 39g 4 3|/e
AZ AT » RV ERBAKIEHG Y > BEIANFBRERERZBHRA
1 L ﬁﬁ)\m}ifﬁi@ﬁ?#ﬁ 4‘4-??;#111}# %% 50-60 CH:J_T ' A 4E] ANHAE
Ocm Z3gAmy > Hm#) 10-15mL » AEpH A
2. KE 3 & A& Tryptic Soy Broth(TSB ; Difico. Co.) ~ & Potato Dextrose Broth
(PCB ; Difico. Co)## B TSB#y£30g PCB &R 17g » 45 o g
A ?ﬁﬁ’%?‘k—z’_ AP RIAEEHEA 1 Lo FEHNE 0 a5l BN
kA D BEOmL o o PR SRARE 0 BAKEABRER -
3 ahiEs s b 2 B4 ¢ B 4.54 g KH,PO, » 543 g Na,HPO, + 2H,0 a7 )
HARFY > HHEHEMEIL(HAR 72) - AL A 7 K EHE
R HEIML  wERERRE 0 AEENKESBER -
(1) #4442 B3OR B R 58
BAREHB TR EE R ALRIT P EME LT P 55 84T
WA o B R IR R
1. & @ -4 3 8ok (surface plate count) 4% & B8 5148 B Bp Ao N AR 8R 6% 187
B A CTiZ# 30 548 BERIRES PR T5rpm~7CikE 30 448
BT A MRREN SR T - BIFREEETHRFREHRNPCA R
PDA 3243 F - 2 BRK 25CAEH T » FoRBREFIRERBRKEZ
M% o £ - wARBIRE > HEAEBERBZEAE 5RBREMME
ZEFRBHH
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ok b &Y SIFR B AR R TR ER LN TS Y
(7%) ~ B S MR
MR YRS 10 ZARBAREM SR ST BB > A2
Hhon 10 53,300 10 kGy Z /w47 8241 B4 B > 24 HPGe 18R] 5 2 im B AL
AR A BT Ao B o B ARSR oA 115°C b, 17 /NBF » FB2L 450
CRACEIE 24 /[ NBF o SRAH G4 » B 200 mg KIbHE L A KREE4M8 A m
(EA2 47T mm> B 1 mm)> b i RKRIBHREALEDHEH » FIL
ST IPER IR SE o BR iﬁunl«,{a Bitial & 4 (a B counting system, LB5100,
Tennclec ) ARk L P2 EFo ~ BAZFEEM
%%i%%ﬁ%—ﬂ%%w\ﬁﬁﬁ%ﬂ%i LT
( ) FFEALH
A P B AT FOBRAR PA B AR B AR R 0 FPER 200~300 mg £ PE B¢ %
#Ho B PERLEFZFARE - LA RAFEARLEHRES THOR
AP FRY - RoWHER AL FILBHEFNG AR By AR
4t (short irradiation) & & 8% 4 B8 8t (long irradiation) » 4vk 1 - 4@ 05 F] BB 41 = 4%
P REREFTEANEC BT 5 XA BAHE o E APy
SR ARG E N4 - MRIFH BRSSP em BRIt T AaER
B FE AT 1R ROk &0 » A 8r— R THOR FE & B4 30 /8F » 4
BB R 2 A B0 RASAE R R 0 85 F ik do k— o B TS ES-RAG S #9R THOR
P FRRT R 0 H— AR LB AT > A 10~30 & 748838 F]
—Ae B4 MEHMRERRHRLAI A4 4 MOUEERE R 4K AR RE B8R
S o AFETodPHE (M) PAICl~Co~Cr~Fe~K Mg ~Mn *Na -
Rb~Sc~Se~V-Zn4%¥a%4% -
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(¥ Fi8 & ¢=3.5x10"n-cm™>s” ) 7 5754 300 FH(sr)

30 B BB R AT BB A 7 X 0.5 /|NBF

(¥ Fi& % ¢=1.0x10"n-cm™>s" ) 25-50 X 2-5 /B
25-50 % 2 NEF(RE)

SRR BB A B 10 20 0 REFHEA B 2 A0

. b R Ak Ay ] 56118 & A Ao BRI AT RAT AT D
Koo BAEBI 8% 45D S 4 E A (HPGe) AR B—AEHEREE 15%
#£ 9Co mEEEE 13325 keV MM E A 231 keV 5 Q) FJAE LA N EF--
System-100 (SlOO Canberra) (3)4E 347 #hA8—Sampo 90 (Canberra) ; (4)13
ANEHERHE F 3 o phdth ¥ B A AT F FIEL S (NAA) Uitk do ik
NE T e %E.HZLI'FEﬁ BB 4148 » JLEPERH BT RSB E T - X
ﬁ_%ﬁAﬁmﬁﬁ&ﬁ%%%*%ﬁﬁﬂwﬁﬁﬁhﬁ+f%ﬁﬁﬁg=
it LA # 4 7 Lichen(IAEA336) 3% Bovine Liver(SRM1577a) ) 8388 4% » LA4S

ﬁ-ﬁiuﬂ ‘:P—"?.J’E'%’%’E °
(=) BFRILAFL D
A B IR AR DA BB A R 0 FRER 1 L EASBRFE B RR T 0 Ao
3 ml &% #5(14 N)$20.5 ml 4 8,7K(30 %) $ % 5 47 — R A B0SL i 16(MLS 1200
Miesfone, Itaalia) » 4435& 2 B F AP T 210 » M E LA ABAMIER
Aot vz iieosd mrEH] fifﬁ B G Ao EF ~ gR
B2 5 4% B E KRB FRIGE BRI X - S FBURE kodh ~ 58~ 8]~ £
% 0 5 BE R B TRk e i(GFAAS spect AA-30, Varian)B|Z o &g & KA
L fAbiERlZ o me 2z g AL # LA NaBH,/HCI Bk R k2 #f4b & L4 SnClL,/HCI
B/

~ & #dt o B 47 B4R R

2R GRS AT PEE MR AZCNE ~ES - LBEREHFET
4 b U bt Ao B 42 B8 AT RAUE A4S R 0 Sk @ ARETEORITECR B BB A B 2 Ak
S My AE R o M RBET 0 Bl — P B SEMRGAERMEMERREK
LB oduk 12355 FEPEM PR AL~ REZIMAENTRFL
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BEE > AT AELY 10-10°CFU/g » B4 EEF 10-16 kGy F 2 5] B 475%
AR o P ESDERE A BT RIESL D HBNEEHR PIRE  BUR LR

EREREHNBERAD MR 1 BE 3 RERMA MM - & 1 PHREO -

2°4~6~8~10~12-16kGy mmBH#EH B ERHELEM T TMAEEE 10°-10°
CFU/g » RERBAAZ DM A YL TR AEMABERIBR L L o T4 L7
8 kGy Bl ERARTER 2REAMA Ak 548 12 kGy Z 83418 S 8878475 5 24 4 4
%547 FLL 16 kGy Z BB 5+ B & 44 7 o 3E AR o | EA94c K 4832 41 B8 4 51
& 10 kGy BeHMRRaZBIFR » BHAAEL TR E2 54 48 » TIHEEE &
FERHERSHAFBER BB EOMEMET > ML 10 kGy B 4285
FE—HE B 2 A TAREEAREIMIEHS AR ENEHZ PCA T
ﬁm@_iéamﬁi%zi%%% o 9 AR PR A B LBk & LS

ZMAEMERR T EE oA Abile LY 0 AL AGEE
R REEF - M TIRE PCA PR EZ REBABAIHIE  TLIAGD
st ERd > BHRRBAAERZ PCA FREOEGTEETE » HLEE
% 4288 % B Cryprococcus lawentii (18] 2A) » &334 A PR Z K & BB 4 &
BRAZERMKIUE 2B)- B3 a~brc~rdre F 2 FRATE REBH BT
#2+4~6~8-10 kGy BHZ 2B BT EORBEREL AL M2 R
RO o REH 28 BB A B F 6938 ho > e b 2444 448 2 B BASRSAE o K 4848 5408
XA LB U RABEFRAME 8 4 XA FREDOHAKE TR (B 32)-

M58 2~ 4~ 6 kGy B4H#4 > B E 4B CAMNE MG REE2 A%
(B 3b~c~d)- 48 kGy BHBBEL PRV SMEBMBES  TEEHHE—IL
aeAKk (B 3e)- & 10 kGy H’é’ﬁﬂéﬂkﬁ*aﬁun_t & kN R R 3
(B 3f) - B 4A +42 8 kGy BaHE 2 itk e A A A D2 AR A
gD KB4 AFRPZEALBEKRwE 4B Z40¥ B iﬂfj&ﬂﬁ#ﬁ"“’F%ﬁ%ﬁ;%
MRS LERBEMEES T I EREHE% H%ﬁtﬁaﬁ TEEBE 0 BF
“fE 1B P2 AREBEEN  BRANEBELREEY ( facultatively anaerobic
Gram-negative rods ) » S8 & R AKE R Enterobacter agglomerans o & b ik 4
AT ER C lawentii BAde P X B HH 0 M 10 kGy B&H#ERGE2 E
agglomerans B3t ¥ X B-hi241 Btk -

AFEBO~24~6-8~10 kKGy &R EMAMBRELERTNE ] -
TP EEE 10~10° CFUR » & 6 kGy B&t R MA WA B A HH@%‘FF%
ME 10 kGy $241 884115 + #B2iB0RER b CAIRE B - 48K A2 A
SA% o AR S BTRIZ 042 10000 ML B e A A LB (B S5A) A
FMMSETIRE (B SB) TRAVEMEFE 2 MAMIBiE 10° CFU/g » {2t
AR TRARR - HRBIBEH R4E 2468 10kGy B Lt A% B 27 PCA
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FIREE S RBEZMAMERFRY  THEEALBHZASL LRERAEA KA
FWAEY 0 2 4KkGy B FEREIE ALK SD ER A Y FRBRR 0 82 6kGy -8
kGy B414 8K F R RMAMAE (B 6) * 10 kGy B 418 AF-1R 50 TR/
4k LB 6 ZERER | BT -

* 1 *Ti“‘“ﬁmzﬁ%&ﬁﬁimé 10 *-10 °*CFU/g » 284415 L fF i #
FEREATE » EE ¢ —ik g 16 kGy BB ARET DA  sbHET )
Hoh R AT A0 B 42 BR 4R A H?r)@ EE B Ta~brc~d 5HAEFTERESBA
2410~ 12 kGy B4t BHRBAN a3 a R L83 REBREX &R 7T 3%
EELAH S AAKERR - & 10 kOy BHELNAE T DRE - sbERER
| 18 4F °

E2HNE €2 - AR AW THIERFBRBEBE I MAEMBRLEE
Hi A ELE 10-10° CFU/g » FREBEATRAEIE A 8 kGy - B 8A AR BRE
AR H N BEHR ) ENEEAEZDXMA YR 0 B 8B A B B GEE
WEABEEBTR P RIRBEB ISR » £ 10 BFHFER | mL BHAERED
FR A R Z A AR 7T BES A A8 3 R AL 3k o

B 9A BFrik2 & 248 2 a M PCA 14 A TRk @& 3 RGNS BEM
HBTHRE BEFYTAHZ@RARMRAGESRRLTRY @ b9 REFTFTAR
—kr RSP (FTE8AF-T) B 9B A B AR BIHLRERMRZ & 24k b EF PCA
kB HLHREAZEAEL R BEEANERRECHETHE A P ARBHRBIKE
St P2 BRMAARANE  Ed B 9B 2 b FiR EAFRZ A BINBRATHIH 0 B
ZAEFER % 0 CHRERGLARM -

10 PR 2 R B BH A IR BZIMESE RARA > B 10A FATRE & 4
B B AR TR 2 RIE-TRABMREET R 2 ke @ iss > BAl4iF
Mo A ERARAE  KBEENEIT REBLRFREREAZR E v
A9h BilAMERSLFCRAFSMBLERNE L iw THR L P2 BARA KB
BE  KEsBHERFOENEALAREIAEER AW HREABZFEEL
EF T A B
& 11 PR B kB B et a Rikda » 27 PCA iﬂ%ﬁgﬁﬂazﬁi%i&ﬁk
S wE 11Aa 2 BRAARESHEGNEEZ AL B 11Aa FRARAAR
B RRE %é%ﬂﬁﬁﬁ=ﬁi%ﬁ?$i#%%%é& SLE % HE 11B
bz @EsNAaE o th#E 11Ab 2B 11B TR a2k F e 8 HEEM 4 B
BREZMAY - BEFRAORGTAN  HakheEEHARNEGRRE ¥
B G RIGFAR AR A ARAELZ R \Zf"iﬁ’%ﬁtii%

f 2 ~ F 8~ R A AR L P AR 0 ok 3 AT o KR BB 107
CFU/g > 6 kGy BT R4FR %R - B 12 ﬁfr—rﬂ%mﬁﬁc L4& 0~ 2 ~ 4 ~ 6kGy
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Z mBBEHRBAE > ENERAL BZREBARAZIMAEYE BRI 12
R a 7T LALRBE L EZ PR P ARGEEA > MmE 12 F4R B Y2 M B FHER
TR A &% > 2kGy ZBHE LW EZ B RMAME R CRHEBETH 0 b-FK
cRAPERBMAMAER » BAROKGY Z 825 BB AT H LB L R AME -

—_— hiﬂ*t | S : ".Jp"
— ™~ ‘B BEov3 fﬁ'JEI

5 B R RBMGERERBHATRZ P &M 0 ERETFEMOINER - He i
it o HEnE 10 &3P A BT R R Ak £ BHAR > B3P E HE4A R
e SREFHSBH AR KB BaEEE LR > 005) 0 BpH{rif
B EHAHRINI A o B TRHFBENIERIFERE A%
=~ AL ST AT R Z R AT T
& 10 kGy mwBRBA R REHEHZ ALE LSRR 10  » UEMER
B MR (HPLCYR € E = % A sty ginsenoside Rbl & ginsenoside Rgl = 4
7 & RwE 4 Ao & 10 kGy 3B 51885118 » AS P2 ginsenoside Rbl A&
ginsenoside Rgl 4-& & 28 & 44k
A& 15 kGy BB EARERAZ MRS oAl EKky ~ akE
A FA-EFC- RE - B HBEEEEE - AR - 3RI68 LI ERMRE
ik EHAREE S S B R4k ST 0 100 F e s BAAT ~ K5 E 53
BTISRIT6g:MEASENHE 1344 B 13.19g: 44 % A 5% 5 1865 & 1879
U mEESESHE 250382499 ¢ §5ESE 052284812278 ¢ 4%
HEESEN A B 42 %439 g AREASEIH N B 246 B 255 g IRMBEEF 5
BB 118 #2135 g A RMENHE 002 82 002 ¢ 2B E 0.14
016 g 44 x CHRHEAMESES 835 mg BHKRSEREAFRE - AL
HABETHR P ZERTEBHBHEKRZ R FRHEBESL LR RS SF
ZHAR A BHEAXZE R ReERBEZ 4L F C EBRHHESEF R
REIBLE -
w9 ~ o B 4R B AT R Z AT E
A 10kGy e BHR B2 AZH [SKGy e HR B2 94 » HRAHE T
BP ot By S AEAE ~ A REBo - PHHBRE - LKL ASHLA)
AR EER R 0 S RATRE] B 600 4E o ERATRAA ~ RALRLRMI
Hoob PTG Z £ 2% B K40 BAMRGFANRE  BETkSL28a
BetafE B 210.72 » BAHEARSLZEHAEE 19991 » Bpdbox+ o HERE BB AT A S
MR IR A R B ST 2 4 E RATAE o
A~ P EME LR
(=)~ BRTRYGEESATBIE F R MU E AT Z AR
Bk Z ¥ B E L ES TP FEILsHINAA) BB TR 547
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HEAAR R  AA TR E AR B LA BOK AR L AT R X AURHL 0 B
HACASAE B PR S 0 B — R EE B 300 FUHAL 3 4B PR EL A 600 R
AE 5 48 o % 30 p48 PR RAERE - BB T IR REFRIAELT
%.__. RIHAL o BEESZAEEAv A 1 ml a5EE 8L 0.5 ml A A K - B 600 K S 4-4%

ATBEEAL o B R AR B P B E R DRI o

'i'iy- E}?#ﬁfﬁdﬂtzm%/&ﬁ?%fﬁi@duifﬂ; Eﬁi%’%‘ﬁﬂﬁ 4F) > &%
G~ R E LUK IR B FRICHIERZ o KIABRTFRUAELBEZALETSE
£ FHE o T 47 0.04~2.0 g/ml ~ 47: 0.01~2.0 g/ml ~ 4: 0.007~0.7 ﬂ
o/ml ~ 4%: 0.15~15.0 wg/ml ~ 48: 0.03~2.0 g/ml ~ 4&: 0.06~5.0 1z g/ml
8B E(ppb F)4odd ~ 43 ~ 48 ~ S H LG BIE AR TRMELR 2 - -,E-ﬁ
BERE T RBRAE ~ Rk T A EHAL 1 ng/ml » RIGBER
600 °C ~» BB EE 2100 Co%il 1 secs 452 E8E 4 0.5 ng/ml ~ &1t
B A 300 CrBF4bE A A 1800 C o5 0.8sec: 422 F&UE & 1 ng/ml
RACBE B 900 C~ RFALiBE B 2400 °C~ 5/ 1.1sec; £ FHER 0.5
ng/ml ~ RACBEE 1100 C ~ BFLEBAEE 2600 °C ~ 65R1 1.2 sec o fap
B FBIL B bR 2 o Mz fiib A i NaBH/ HCl B8R #| > K2 84E& LA
SnCL/HCl BRERE - LML XeREREER 40 £ BEE A&
B BhIrH o |

(=)~ AP FEACER T RYRE S IERE FEMBEAT

At EERTHEPE > L AA B NAA RS EBITRETESWH - £ AA
iy ot A EFAs~Cd~Cr~Cu~Fe~Hg~K~Mg~~Mn+Ni~Pb
B 7n) Eoaris R & 6 Ao s w INAA 8547 +wafg (Al~Cl~Co~Cr »
Fe~-K-Mg-Mn-Na~Rb~Sc~>Se~V & n) XEE ptrét Riwok 7
Fio o R PAEAEREN Lo MestE R Cr-Fe~K Mg ~Mn & Zn
¥ XHAE - L AA FiEWHER > AR T §e) AALERERR 0 BT
545 F A REMRBAMM AN S £ZE - RE P REMMER A NE BT
b TR ELAFEUNLETEARASE » £RB 13 AR - T RLEH
Py Cd~Cr-Hg ANi & » 5 PH As> LETH As~Hg A Mg A
by Ass Cu~Hg A Ni» @R +8As RCd> #L B Fé) As 25 F »
LERE kB AEBRGEE - AERLER T 2| F58 As 25 £ 40.2
EREK -8 AA SWERET > SR TEFHRBEBAFTSEEEK
oiE R As~Cd~Cr~Cu~Hg Mg~ B Ni» B EERELBLE - MIA
NAA FEpmMiEaRERELEBGAE  LBRERWE 14 Fi7 - £ P
PEFEPZ Al-CoRCr» 4Pz AlRCr- P AL-Cr A Na» A
4z Al B Na- 33t +ag Al GER)N B $6) Na> #4eF69 Cro 4

— 291 —

_'I._




TPZ Al $4FR % AREH REMEE R EBRANEZRL - i NAA i
REAT » SRTEPHRBREAELSTUEANAETEIEA Al Cr~ Co
A Na > M EARAFERAIAEAZEUT o 454 AA 8L NAA &2 T4o Cr 4
E#%%ﬁﬁ%ﬂrmﬁ@#%ﬁﬁﬁimﬂ*;¢zﬁéiiﬁéﬁﬁ
AER o
E— T AA 8 INAA £ B 5 AHECEFR RG22 BUE o A= FE 04

TIEPBIBAZIRE AR T AN 2 RRE o A F R P
MAKSEZTHEE - BRBET Cr £ S0 B P (1058 F %5 @AR) -
# 20 1& flﬂfiau&r%ﬁ; AT R EAAZ LB AR 2(3m B 15) > sbfEw Cr £
R ZFEIMAOTRIGEMN - TR HEXR MG B /LfE P 3458

EO—MARBRABSHGER o Fe ¥ » B4 AL —IO¥ 4 &
oA EEAZEZE (W@ 16) BT RAE T R EMREI oM - K £ 4
PLLBRF MO HERLEEBRK (B 17)  SALBEPF 24548
REZR (B 18) LAFLTH—MIWLEX (B 19) @285 4%
FoABEN EEF — R A B R EE(E 20 ) th ¥ AA 82 INAA
T EHNEAETHOER B Cr 94 h - H R Y TR
ER > B FFe ~ K~ Mg~ Mn ~ Zn) —#E H ik 148 2 25 A8 A
94 % - Eﬁt-—ﬁﬁxf | > é—’%ﬁm% Ei"ﬁ"[}{.{ﬁ ‘lu'%ﬁ 'ﬁ'ﬁ‘tﬂ——-ﬁﬁsf
E7# CriB8R2 PTASRZIREBE > R L ES4E 6 I8 -

B 3

HAMIAREL T BHEDARE RET > RESE P S B A A 84
ARER BT EMREBRLRE > AWML ERERELE - 2R PEHHR
A L RKEH - AR N BRI AR X Bk o b EH IR B AL - V-
HENBAE LR RAEYE RRALZONBEBEES R 2 LB B o F kL
5o TR AR A BB o SRR EZ P EMELE 15~20 kGy 24

AT ERBHRTRELORAMR » B LIE 10 kGy BHE 2R E - &4
TXMENTTRRARBHBHBEZELRE - 2R P4 W23 ’J FF &
ERARIBHIE TR ACRBHBH B B2 EERNE - L T4 NS 5
A EERAKZ S E LS A REBHBIERSZIEZRA -

T 7CH T & &7A AA 2 NAA — 48 ki i 4704+ 46 B AFIHER
%T%uxﬂﬁaﬁﬁq’%’%ﬂfa?%m% THUAMAR LB —#TEHANKRGRE > &
AFSENAABELE - “’%ﬁ“_ﬁ?ﬁﬁ A REERELRE  HEMBAES
FEFABAER - BIWBHASHNER22 P RHAME T4 T » LIk

—292—



HWEEMHE - BB PEATHSHLE R TEEE ok 8 AToT « SLERTIESA
b ER YO EERATHR 0 AP RENER T 0 BT U E AL
BEEFNHAH P RENTRIBE -

15 ~ EmEEH

AP MEMSERABPEFEMDE Y MAYYRIL KRR 1§23
IBEM R HMEREE  EREARRYE AEAMRZIEMBEEREZERRAE
z%i# o 3O PEMFRMAMBRETLE MBI R > M REMRLAEL
ks R 5 T4 R B B AT IR AR M B M SRR TP R A AT B
Bho L BN ET IR0 M A MBI L PTE » S RELE SRR » R E S
EASBP AT AN L E G ISRH 0 TR RBEMTHMADKETRAE » 7T LAE
E79 R (RS LY o 24 RAAMIE T BT BRIARIEFTINE » T
HEZESBERITRE TRBGEERZ —RFL ) X EFEMBRBABRT % A
LB IGRE c AT EFSPE (M) 2 EKREA  ARERE T 10 kGy =
e BH& 42084t HFE (M) OF RFIBBAMRK © 9RRZTE fEontF & REAT
BBATAT ~ 162 WAt & ?Lﬁ%%iéﬂ c 3 EFIFEHTE (F) hWERBHRE
BX BB 4t B F AL A MR IE T2 AR MM 0 AR ERE B A Bl F AR &#ﬁﬁﬁﬁ
FPi (M) wEBHRATHEMSITIE SR G 2L BRE B EEREA R » i
TR EYIE Bkt B3 B BEZNE  UHBEHREPTE (H) T3 #S
B (M) ZBEHB R PEM PHMAEMES S AETEMZHEMSETRY
i B Z R BT BEEE ¥ P 8O IRAEZHET

$ FiEAL AT R B H IR - TIEESRATRMRHE S A x o ZET » BX
A TS F RO RIE RN L iey L ERE T L TR Y AT
WL~ B A A c R EN B AR EBIE R T RERAT o BRTRAIAEH
W B—BERZINVRE  EHSTRERFIBETEELT WA - A3t
ETREIUMIMTE (M) PREAETZBRFTERANRIEFR  TEEER(H)
AT AA A E LR ARG AR NAA RAlG R B L SELYH » #aL
b () MEAFEGEINZERE  RE|EFEMUMEATERSEMITATEX
At o

M~ 854 3UK

1. Mertz W. The essential trace elements. Sci. 1981, 213 (18): 1332-1338.
2. Ehlermann DAE. Dosimetry and Identification as a Tool for Official Control of

— 2 —



Food Irradiation. Radia. Phys. Chem., 1995, 46:693-698.

3. Loaharanu P. Cost/benefit aspects of food irradiation. Food Technol., 1994, 48:104-
108.

4. Mayermiebach E. Food irradiation-a means of controlling pathogenic microorganisms
in food. Food Sci. Technol.-Lebensmittel-Wissenschaft & Technologie, 1993, 26:
493-497. |

5. Takehisa M, Ito H. Experiences of Food Irradiation in Japan. Food Rev. Int., 1986,
2(1):19.

6. Thakur BR, Singh RK. Food Irradiation-Chemistry and Applications. Food Rev. Int.,
1994, 10:437-473.

7. X0, 2=, TR, B ERRHBMOMRE, FHE, 1992,296-297, FEKE -

8. my Kuf, A&, -0 BHBEATREPHRM, FLREHR, 1994, 35-37,
PE*E -

9. Fl&1%, 84 Co BB AMNEZ AV EHIILERM, FXE, 1995 45 +HE

o

10.FR& A, 60 &-7 HRBRAAUATEEZRISAOBE, S BEEHE, 1996,
154-155, YBxw %

11.Aziz NH, Refia MK, Abd El-Aal SS. Occurrence of afaltoxin and aflatoxigenic
molds i coffee beans and decontamination by gamma-irradiation. J. Egypt Vet. Med.
Ass. 1990, 49:951-961.

I2.Abou-Shady MR, El-Beih Fawkia M, Tawfik Zahira S. Role of lipids in bactenal
radioresistance. 5 th conf. Nucl. Sci. App;. 1992, 2:513-523. |

13.Akamine E K, Moy JH. Delay in Post Harvest Ripening and Senescence of Fruit.
Chapter in rvation of Food Ionizing Radiation, (E. S. Josephson, M. S. Peterson,
Eds.) CRC Press, Boca Raton, FL, U. S. A., 1983, III ¢ 129.

14.Aziz NH, Abd El-Aal SS. Influence of potassium sorbate and sodium denzoate on
gamma irradiated conidia of Aspergillus ochraceus, Penicillium chrysogenum and
Fusarium moniliforme. Isot. Rad. Res. 1990, 22:113-150.

15.Aziz NH, El-Fouly MZ, Abu-shady MR, Moussa LAA. Effect of gamma radiation
on the survival of fungal and actinomycetal florac contaminating medicinal plants.
Appl. Radiat. Isot. 1997, 48(2):71-76.

16.El-Far F, Aziz NH, Hegazy S. Inhibition by gamma-irradiation and antimicrobial
food additives of aflatoxin Bl production by Aspergillus flavus in poultry diet. Die
Nahrung 1992, 36: 143-149.

17 El-Fouly MZ, Salam YI, Hammad AA. Extension of shelf life of pathogenic

—294—



microorganisms from semi-dried fish(Tilapia nilotica) by gamma irradiation. In Proc.
V1. Conf. Microbial. Food Microbial No.25, Cairo, Egypt (Egyptian Society of
Applied Microbiology). 1986.

18 Redpath JL, Patterson LK. The effect of membrane fatty acid composition on
radiosensitivity of E. coli. Radiat Res. 1978, 75:443-447. |

19.Salama AM, Ali Ml, El-Kirdassy ZH, Ali TM. A study on fungal radioresistanc and
radiosensitivity. Zbl. Baket. Abt. II. Bd. 1977. 132,1-13.

20.Singh L, Mohan M5, Sankarann R, Sharma R, Sharma TR. The use of gamma
irradiation for improving qualities of spices. J. Foods Sci. Technol 1988, 25:357-360.

21.Sommer NF, Fortlage RG. Ionizing radiation for control of post-harvest diseases of
fruits and vegetables. Adv. Food Res. 1996, 51:147-193.

22.Stone CA, Odin C, Howard J, Mumaw LD. High-School Experiments in Food
[rradiation. Abs. Pap. Am. Chem. Soc., 1994, 207(MAR):91-NUCL.

23 Cottee J. Kunstadt P, Fraser F. Commercialization of Food Irradiation in the USA.
Radia. Phys. Chem., 1995, 46(4-6): 669-672.

24.Chou FI, Tan ST. Manganese(I1) Induces Cell Division and Increases in Superoxide
Dismutase and Catalase Activities in an Aging Deinococcal Culuture. J. Bacteriol,,
1990, 72: 2029-2035.

25.Chou FI, Tan, ST, Salt-Mediated Multicell Formation in Deinococcus radiodurans.,
J. Bacteriol., 1991, 173:3184-3190.

26.Chou FI. Pollen Gamma-ray Irradiation. Nucl. Sci. J. 1998, 35(3):165-171.

27 Liu SM, Chung C, Chung JT, Wang CF, Aras NK. Daily dietary intake of minor and
trace elements by upper social groups in Taiwan. Radioanal. Nucl. Chem., Articles.
1991, 150:397-415.

28.Chou FI, Lin HD, Wei JC, Wang AY, Lo JG. Simplified measurement of protein-
bound iodine with epithermal neutron activation analysis. Nucl. Med. Biol. 1993,
20(5) * 631-636.

20.Wu CW, Wei YY, Chi C W, Lui WY, Peng F K, Chung C. Tissue potassium,
selenium, and iron levels associated with gastric cancer progression. Digest Dis. Sci.
1996, 1: 119-125.

30.Wei YY, Chung C. Elemental analysis in liver, ascites, and blood of tumor-bearing
mice. J. Radioanal. Nucl. Chem., Articles, 1993, 171: 383-400.

31.Meilgaard M, Civille GV, Carr BT. Sensory Evaluation Techniques. 2nd ed., pp.71-
72. 339, CRC Press, Boca Raton, Boston London. 1991.

—= 2




k1 PEMGHOEZBRHEBZRAFMEDE

R kol L
RO T0kGy . 2kGy  4kGy  6kGy 8kGy 10kGy 12kGy 16kGy
[ 35000 214 56 6 0 0 :
A% I 3760 2580 853 150 0 0 -
M 10667 3616 955 221 - 96 0 :
IV 2760 580 180 24 0 0 -
\ 4000 1520 680 170 0 0 .
[ 86200 2800 125 4 0 0 0 -
tke I 62800 5900 3500 440 79 80 6 0
M 170250 5620 4160 915 126 35 17 0
IV 7600 1200 240 0 0 0 0 0
V. 20400 1900 560 44 0 0 0 0
1 2520 113 285 0 0 0 0
% I 38600 7365 1950 900 309 56 0
I 1160000 680000 250000 77000 64000 18500 4700 3400
IV 33000 9100 930 309 120 8 0 0
V. 49000 13400 1250 460 21 0 0 0
2 PEMEmERBA G I HEFMEDE
. " Ra =
hin SRS — kGy 2kGy 4kGy 6kGy 8kGy  10kGy
I 290 49 20 6 0 0
nE 69 2 2 0 0 0
111 2 0 0 0 0 0
IV 138 46 18 0 0 0
V2040 280 72 18 0 0
1 810 56 4 2 0 0
¥% I 3398 56 4 2 0 0
111 141 73 1] 5 0 0
IV 636 48 4 0 0 0
V. 1093 95 7 2 0 0
i 42 16 4 0 0 0
af I 2850 250 10 4 0 0
I 1280 97 10 0 0 0
IV 8710 2030 127 10 0 0
V. 3740 2520 80 6 0 0
1 200 54 4 0 0 0
A I 1860 500 13 4 0 0
111 69 21 5 0 0 0
IV 1435 200 59 0 0 0
Vo 1700 536 60 2 0 0

w256~



3~ PEMEERBHBRZIEFHMEDE

i 7, . RatH =
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4~ AGBHEARZ st
Frems Radiation Dose
0 kGy 10 kGy
Ginsenoside Rb1 (%) 0.263 0.261
Ginsenoside Rgl (%) 0.254 0.215
# 5 MR BRATATIR X e B = # 1L
Filhiind Radiation Dose
0 kGy 15 kGy
Moisture (g/100g) 7.51 7.60
Crude protein (g/100g) 13.44 [3.19
Vit. A (IU/100g) © 1865 1879
Vit. C (mg/100g) 8.35 ND
Fructose (g/100g) 25.03 24.99
Glucose (g/100g) 22.84 22.78
Citric acid (g/100g) 4.20 4.39
Malic acid (g/100g) 2.46 2.55
Succinic acid (g/100g) .18 1.35
Fumaric acid (g/100g) 0.02 0.02
Oxalic acid (g/100g) 0.14 0.16
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