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Nuclear Science and Technology Development Center,

National Tsing Hua University
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ABSTRACT

Since Chinese Medicinal Herbs ( CMHs ) originate from many different loca-
tions, there is a wide variety in the quality of components from the same species. Am-
ong many factors causing variety, the contamination of microbe is the major determi-
nation for the quality of CMHs. For improving the quality of CMHs, we aimed to es-
tablish a gamma-irradiated decontamination system from our study. This system can
provide a reference basis to the Committee on Chinese Medicine and Pharmacy De-
partment of Health, the Executive Yuan in order to set up laws and regulations for gov-
erning CMHs.

In this program, we studied the following 6 CMHs: Polygonum Cuspidatum,
Lithospermi Radix, Bupleuri Radix, Corin Fructus, Glycyrrhizae Radix, and the Ta-

iwan cultivated Dioscoreae Rhizoma. The irradiation take place at the 30,000 Ci co-
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balt-60 hot cell at the National Tsing Hua University, Nuclear Science and Technology
Development Center, Isotope Division. We found out the effective gamma irradiation
dose, established the proper irradiation conditions and techniques, and did the sensory
tests for the 6 medicinal herbs before and after irradiation.

From our study, we found out that different species of CMHs have extreme diver-
sity of the amount and species of microbe. Moreover, even the same species of CMHs
also have a wide diversity of the amount and species for microbe. The microbe con-
tenting in Glycyeehizae Radix ranged from 10407CFU/g, and the irradiated decon-
tamination dose needed higher then 20kGy. The microbe contenting in Polygonum
Cuspidatum, Lithospermi Radix, Bupleuri Radix, Corin Fructus, Glycyrrhizae Radix,
and the Taiwan cultivated Dioscoreae Rhizoma ranged from 10103CFU/g and the
gamma irradiated decontamination dose is 8-10kGy.

After the gamma irradiation and then 3-month storage under room temperature,
these 6 CMHs were incubated on the solid agar plates in order to observe the growth
of microbes. During 7-day observation, no microbe appeared on any agar plate. Be-
sides sterilization, we also did the sensory tests and components analysis for part of the
6 CMHs and there were no notable differences between before and after gamma irra-
diation. From this result, we conclude that the gamma irradiation has high efficiency
to sterilize microbe for CMHs.

From our study, we can set up a gamma irradiation system for different species of
CMHs. This system not only can provide a reference to the industries but also can sup-
ply government agencies with a basis for laws and regulations for the gamma-ray ster-

ilization.

Key words : Chinese medicinal herbs, gamma-ray sterilization, microorganisms
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A E > BENHFHEDY LT RITIETER - BHBHANR S
ZARAF O S BB FARR A — R S TERARAF I ik 0 B e B 46 B 4T 4
a%%hﬂ’l%ﬁﬁ%ﬁﬁwﬁuﬁﬁw%’Mk%@%%ﬁﬁ%ﬁ’

B

R 9B fo B KA m%~mémh¢lk&aﬁﬁ@¢ CFmER
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T2 o029 o R EBMHBEZRE ~ RELTRHAH ZoTF @ A
B~ PRAE - mERZE MR- ABEOH I RZFTHES
10kGy > f+4 145 3 & 15kGy ~ £ B A 30kGy > # BT AL RH Z B2

% TkGy - 2R R &HEME3E B (FDA) 7 1986 Fi@:BFHIA R &R A E
Moo BP3E AR R K 5 FRRAMY 0 e F FRRFEARHK 0 TR
A 30kGy 2 %] £ #4T R D BB FDA LR AL KA ZRAZ R LA LS
o AEFM R - B CAF S E LR - SREDHAERA S
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B TR SR RBEER > BT LR EARZIAZE &Y
BHABATERZGE -

A EEBLRE -RP-HE - FH - REAGEEZLERENY
B Do B SOk B ARAT 0k o BRREIRAE O ¥ R AT P B M B R Y RAT
BOREMLART T Bt HEIR A ZEH - B0 F EMRAEE R AT S
IBEATRGR b 2 Sust 0 I B X AR 0 U RAIRE T EMT

o wm T EMZEBERES -

&l ~ REESEA

— BHRERESFHERAE
SR RHANFERER FHERMER PO iR =852
£5-60 Bt E F AT - BH B FHE & 1kGy £ 20kGy (F|ZF 4 S
kGy/h) > #3 4 & = Bl T BB 32 4% K 28 R B & 31 (Frick's dos-
imeter) #4T o R4 .35 0.001M FeSO4 > 0.001M NaCl & 4-4gfu 22
Az 0.8N #idk KRk o B84 6248 A £ 4k dET (Fe?) &bk
siEET (Fe’t) > 22304 nm s 224 nm K@ @ H 2 3HER © 748
BEFHREMNZZX HZALRAEZZIHETHLER R R LR
(1~2%) o BH# 2 0.0IM 2 CuSOs fu A EiE: 4Rk 7 » B4R 8k
FoyRRAERA R D EAZ N THEE EHEYEE 10°Gy -
T~ opZE (11) HUEEAIEETIRET
FRARAAAZLRE ~ R~ HE - ERIEE A d b EATRF
BEUHEME NGBk SBEAZXLEXZAL LR BT ARE
SefEZ LB B AT o i — P EMES BT RRE > B
BAFBM = EHEIE - BB XBR 152 ENESLART
HE AR SR ARIENEE-60 BB AT E 0 ENIEBEST R CIERE X BB AT A L o
BA o4 10 B o F BARSIR T AR BFR O 004
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Bl ZH o b ERF B RFRHBAL » DT E X BHRF - B
Koo L B BAT IR A 2 E R e
= IBREREEEE R R

1. F @ 3% & K plate count agar (PCA ; Difico. Co.) - potato dextrose
agar (PDA ; Difico. Co.) = # % : B PCA # K 23.5g ~ PDA iy K
39g H AN Z AT 0 D F ARG L > BE NGRS
KRG BHELA 1L EXNSRAERMTRE  FHLRE%ZE
50-60°C 8% » R BIAE4R 9om Z 3 FHm P » Fm4) 10-15mL » 4
e o

2. 7% B3z FH K tryptic soy broth (TSB ; Difico. Co.) -~ & plate count
broth (PCB ; Difico. Co.) # # : B TSB #r%k 30g » PCB # %k 17
g WHMANGH KM AR REMHES 1 L FEHS
90 R EANPCEREF 0 BEOmL o ERRIUEHBRARE 0 B
KRS AR

3 AER B iR 2 B A5 ¢ BR 4.54g KHoPOs » 5.43g NaxHPO, - 2H,0 435
WhFKE > B mE IL (pH A% 72) - sz i
B 2HmRE Y B8 Il 0 wBE% HRIRE 0 AEK ENK
B A

M~ EMCEENERDRE
BARF BB E BRI R RER I T RS AT 5 =47

NETHMEN G ERRATE

1. % @ T 4R 2t 80 (surface plate count) 4% &% B3 44 4% B B w A5k
Bz fbrik 0 7 A C T iRt 60 4% > BENIRE S F 24 T5rpm ~ 7C
PR 30 o4 A SEFIMAEMBFNEERF - ROREEE
MR EHR PCA B PDA 3Rk b - X BER 25C R4+
FoRBEGHARBBEZEL  F= WRARY > AHAERK
BIZZHA%E - B—RRREME=E4RTE -
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IR MANBRGEABREE R P ERLEREAERAZ FRIER
AEk@m > EN25CAhmbindt 1~T R - UB B RBMEREER
Btk st LR B B XM AN A KRR B—RAB E24h0H
AT R EARBRBE -

T~ DOFEARIRET R P e 2 AP iRIEL
A EHLERE -~ RPHHE S ERRRERE T EME5 kb

RoEHD R EAARATIFEEM T ERIRE RS H 2 EITR

> REBLENZRPIHGS - 250 E 12 -3@ARE > A L=

BT XETUAEN S ZRREBRE > AT HBH BT EMIETGFRRE
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T\ PEMIRSTRIRRE RERE

1. LB B R BAMSTRE L RAR SRR AT AT ~ Btk b X SNR K -
BAEE LT -

2. 04 &, %23t (colormeter) €tk b HunterL ~a~bfd (LA&HE -
+afEkird ~-akEk4kE ) +tbiTFFE --bERTESE) KR
BHAEHERBZIRAE

3. B RESLIT L BRI P M F T B ARSI SMR L AR RIT R
FoOTHBHALTHERSNRTSE

T~ PEMRFRIRERDZSENE
AR PEZERERATER DI HERDETON  BRAKLR

stensg 15kGy Batthsmn il ReH a9k n ik » UK R E

EANBE B T EHMER T ST c HARRREZR S A EITZ

FARBME B SBES SLEBAT M o RS FEBRL S0 % X F BRI

BINERYRERER > BEZBZFERRZA 80g # Smin > FIR

HEFrRTEMME 100ml > B 5k 0.22um JELBIEA » &

RE 10Ul AN GBRARE MR Y (HPLC) @474 F Z R %

Moo TR o dT B A Ay I H 1% AR eE 18 &4 (reversed phase C18 col-
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umn: 4.6x250mm ; particle size Sum ) - %24 EARBIE K A 200nm o £
4842 0.45um JERLBIE% 0 ik 1.0ml/min 7 30°C T 4T #7 ©
PUH H 2 3542 Ay glycyrrhizin ~ liguiritin &gk B B 500pg/ml 242 %
oo FREEAAS T ZERRGSE
N\~ PEMIREIRIRITRS S LIRS
FEE P REGEIEE — P ELLU T TR TIRA L RA AT

Z i E e %A 0 B3R UTEA R FUE B AT KAV > BURF
BB FRMATE AT Z o Tk B i b M SRR A AR B ARy
Ko AR LEANBAA DB > A 3mlageg (14N) 2 0.5ml
# A,k (30%) AL #AT — B XAk 95 16 (MLS 1200 Miesfone,
Itaalia) - fFAR ZHREF R E T2 HAL A H AR RMBER B
%°mﬁ?ﬁﬁﬁzm%Azyﬁﬁkwﬁﬁﬂ’A”*f%%@‘
G~ 8RS R 8- BE KB AR FRIUEEAZ - 2 FRIKE 4o
SR AR RBREUE BERRTRIUEE (GFAAS spect AA-30,
Varian ) B o

— \ PEMIIFIRIBEHE

CEINE S INE TR SN S LN P
S ERR > kBT AR HORH SR B BB R AR P A A
2RAFE - SRR AT B SERR AR LM AN ST H R
RER - P HEALDER R B4 BB REE S S ENEER TR > K
ARENERER R ER AT N B 1 25 REAREMAY
Mo Y H 2 MAN SRR E bk | AR o BEMKRIR
B2 B AT A Y 10~107CFU/g » + 3 B4 1 F 884 2 12
KGy |8 1.4 T 5] R 4P B2 R 5 2R 4 B 88354 2 20kGy #
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FRAMEETERA - EMRIRET —RBEAEA 1.3x10'CFU/
g HFE G BAEE A 20kGy 5154 2.3x10°CFU/g - B 1A A+
BH LGB RE A 12 16kGy 3241 ) T R FIZ 2N EA/R T
BUZ R4 100 8RB A R | 33k | RAEZ A D4 -
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MBBEEARRNL B RE P MAEMEERAR  ERSERS
HERAA GRS LR A R BA4ERALME LRI RER
ezt e

K2 AHB AR RIAREH - KFE - LERRERERRFE R
SRS P MAMZRGE  EMAMES 102~10°CFU/g > A% %3
4% B B & & 8~10kGy ° [ 3 Aiow & Bl —H#R 2 K& 82 4 1B 4 Lz
8kGy B4Rk S > AHENER AR DRI ZREHRNIE
HEFRE > BRI REZMAMAE > TAE Gy Bl & B 414 2
ASEAABRRYD B 4B ARERBHEZ RPRDLEE I NI ARL L1
BIRBZBAENAR > TRARABHEZMENTIE - 83 R23%
REE T X HMARBEHNERLER > NE 1 RAE 2 RAFERZ 4o
AR EAMBEL  BAS T RABZ @A BA IR -B S A
BARRBERHREZLIRLZRHERERNIBRR LAY
Ao TRABRAERRZMAENER - MBHBER N EBEFR
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MEASEAER > M PERSABEREN R EAn R @E > NEE 1 X%
HEARBAAE - MInAE R ARG T AF S AW A A 5ME
MU RABZES.  BALF ARG EA REBEASOE > mAKE
Hazg R FAl&RA% AR (B6B) o tLhsxB A~ B2 A48 o
HRARAEFARREBREBAARELEAEARAGZEHRE LR KEHR
EZRERFARARLERAMRE R - B 7THATARBEIILRZ T4 4
kGy A B RBHA B ABZBENEEITHAILE 3 XA MEMHE - &
A-BEFTTRARERG XA ABRIMAEN AL LR » M BH%K
Z AR A ABEN R R LA~ BE T 244 A8 BT R Bk
RZFhonB XM AEMHEBARBABRER -

CHEZLESBARKEET AR B VR KER - BATH
EX LWBHARTRRE  HEHXARAST SR - RKEEZ LB P E
MR BB A 10'~102CFU/g o &% & 2878\ % R & & B A4k
YA B BEANBRARY WwABEREEIR 0 DUBE B E R DR
% RERFRMBBAREHRAIBRR LR - Wb LR SR P
HRAEHEA 100~10°)CFU/g (ZF4) > 2HLEXERAREER
Sh AR BT R 3R R - R4 B # A 10'~102CFU/g - &30
BB AR L B SN ATIR ST 0 & 8kGy BB R F R X L #
BT 2 AHE1K L 101~102CFU/g : 1A 10~12kGy BB 4414 Ly 2 4% 35 =T
FRERE LWEAERBAHF L LEPIUANREET > ENGES
BZAREBBEYIHG BIBALALEN BEERLESY - 6HAEZH
B B SN RN~ SRR B AT m B AR A 0 BT A BT IR A
SE BRRAHES -

= pEMETFAER

FEEFEM SR A RE Ry RN R & BIREATEREF
FHATRS > MAENERFITR > 2ANETBRZIE L2 -3EAR
Bbithet RIAFTARB S S EARERAFLE - ERBETLE
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el AR LEARTEMOEARARE B3 EAXER
BE o R RBA SRS ARZIMAM S EME BAHENTE
AR ERARE  BI~NTREBAARTEM EEMANE K -
3k 5 E Ak b oL 16kGy 241 B 2 BB 4H & AT AT IR AR 50 T 475 A %
AMmAERk > BRHESEBRENTEEALLRST &5 RIBABRMNITA
AETRAABER - HF—FERARNRIBAMSE TR ABRT LK
AERZEN (B 8) » HALEHRA T ERSFZEZHIE4
o
IREV R PEEA 2 RAE BRI

fhE 25 i Su 3P B BAT A P E M MR EF RAF I £ BRI -
B 25 5B EZZARRER > SHZ ARE REL Ep<0.05 2
BEEE (BAFE BMALSFELEY) (739 Br S H ¢ &4
WA ~ 4 BHABRRINEMSE TR RS Y S RAKR
AR o FaFRLLBHER LR RN BAATZZ AARTREL -

TEREMRHEDZR - E - E 0 RAELRET 0 AR T
REVA T XERR > SR T EMZIIBHRRBEEESILER - F
b RS RARBRER R EBMRRBRN T2 M - HERLE R
& %3t (color meter) R E A L dg 4t BB AT AT ~ B X BAE %L > ik
AHEREZECHEAEERAZ  LRIAEANARE 3cm 2 BB G
RAEY > HHEDBRRAEEERBZIEE c P EES Bk
B o AT S ERAXBE o BAATRARF2-F3g HunterL ~a~ b
5 & 42.70£1.19 ~ 15.09£0.17 & 22.80+0.55 - 4 ¥ ;)43 % Hunter
L~a~b{Eay3l s 68.13+0.69 ~ 4.12+0.34 & 28.54+0.87 o L, ¥ % 4%
Z Hunter L~a~b a3 % 17.38+1.06 ~ 6.78+2.11 & 3.46+0.78 - &
FLRRGRBERAEL > BRAEFEANL I TR R E R
Pl B BARZ E LB KR - BAHE R AR 2 T3 HunterL ~a~ b
9% & 43.50£1.04 ~ 15.29+£0.09 & 23.50+0.36 - 4 ¥ ;)43 Hunter

St
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L~a-~b{as3 4 67.33+0.58 ~ 4.32+0.54 & 28.14+0.54 - 1, % % 343
Z Hunter L ~a~b {55 4 16.83£1.26 ~ 6.25+1.65 & 3.06£0.48 - 7
BB R AT AT ~ Btk L a b > BrBEBABHAHER - HE
Boli R R SMREA & B % M
P& RS RI R AR D ZERNE

HEXTHHEERS B EIBARAB ZALLLEH TR
S WEFEHFRATRHA - R R M o B 9A AHE X I54%
Ay glycyrrhizin ~ liquiritin (500pg/ml) 2 HPLC [ 3% - H 38 #reF A
(retention time) 2-%] % 6.92 & 26.93 548 - B 9B A KB4z H#H
BFEE (50%; VIV) RBREMFGERMZEAE 5 B 9C AHE
a8 15 kGy $2 44 BRAHZ FI AR UL F B 5 BRAR T4 0 S B 2B 47 ) ©
AR B R M AR T ELEE 9A ~ B~ Ci 0 BB A E EM Sna st
BT - AR 6B R TR B A AE R - b k& a4
R R RS ERE RO B (B 9B A C) » BEawRA1EHk
e Rty EAAN Y c MHPLC B PR Mty 2y MMt E A
HEASEMETZRE > &R R I c RERBHABIE 2 H
H H liquiritin “F344-& 5 % A 10.52 & 10.61mg/g ; glycyrrhizin 4 &
7] 2 25.30 #1 25.58mg/g 0 BT R AT HH E AR Sh X Ry B A FR
BH -
A IRETAN ~» BZTTRISEAE

FEARE IR — bR 2 H E R AR R EIT B4 B4 AT ~ a2 L&

AF R o AR TR A M B oy 1% 0 AR BR AT AL 0 B A AA R
B2 UEAE £+ HEAEL Rk 4T EREFTEE 10

HAESELARBERE KRTMgoE RAXHEKRIELES
EXHNHEE o EREABYHHELZPOCd~Cu~Cr ~Ni~Zn- Fe-
Mn-K %348 (ug/g) 5 3 % 0.3780.057 ~ 9.86 ~ 12.98 ~
5.30 ~ 36.18 ~ 693.4 ~ 37.25 ~ 6304 & 1264 ; 4% 10kGy #8544 1844 1 2
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Pb~Cd~Cu~Cr~Ni~Zn~Fe~-Mn~K #2 Mg 344553 4
0.355~ 0.059 ~ 9.78 ~ 13.50 ~ 5.27 ~ 37.24 ~ 737.8 ~ 40.27 ~ 6224 R
1356 « ¥ kB 4452 Pb~Cd~Cu~Cr ~Ni~Zn-Fe-Mn-K
#1 Mg 4% (ug/g) 5% % 0216 ~ 0.026 ~ 6.78 ~ 4.02 ~ 1.06 ~ 7.53
196.1 ~ 11.77 ~ 3700 & 2912 ; #& 15kGy #3 4+ B8 4+ 4% 2 Pb ~ Cd ~ Cu ~
Cr *Ni~Zn~Fe~Mn- K # Mg 4 &% %% 0.210 ~ 0.033 » 6.61 ~
3.06 ~ 1.04 ~ 8.40 ~ 200.0 ~ 12.92 ~ 3556 & 2914 o 4 £ B8~ 45 4 B 4
HERAGENSZAETLERBELYE -

B 5 &

A FARZ S P EMF > W KE - LXRREMEEMES
Z RS MAEN G ETE 10°CFU/g » M B — 4 F &4 2 R Bl RER M
A ERABER LA P EHE I~I0KGy BHBHZ ETER L
AR o BERTATRF IR ¥ EM A S FHRK (AR 102CFU/
g) e P HEMEAEMEREN BTRAAE RIERH > KM ZMEY
ARHEM PRI NFTHRERAE - NEME PEM EEOEL BN
SR 0 A Y BEMRENRT T -

RE-BRXFTERERE > BV RA AT EBR T &4 F L
Mog  —HHEEAEHRI  ETRAUAMBALLYE - F— AKX AT %
MG ABEENE AL LRAMAMA R  MUUBARIFHARIN > &
FURRB MR R RALMAME RNEHEBRTFEREEFER
—BZEMED  RAEBRRARBD BRI LHLS > MRy L2 %
My AEmEk BTHEEMAEMN T EM LA RREN T H K
N EMAENEEGRHRE T ERAR S BIEAHTHEALE - hBEMHA
B hl LA X MANRAERAS > ZAFRBAENS LR
BEEENL  FoMAEMHEM RN RENGER > BEARNEH
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o BARBEMGREAELEN  ARBRBCREMEREANERS B
Bl LB BN IR TR - ML R T B R A SR T R
AR ERERAZIMEG MBI EARTEMZO S B > 8%
MR IZRERDEARL  FRABRRBABRELI AR - LEHHEZ
AR~ G 2 P BN R A SR E R AN TR BR KR
B AT E o Rk b = AR R B P B X AN e AL R
B o Jboh > BRHBEMZMANERFTRACRBHRBZ EMER > AT
NEHERBREERE - B P2 MAM S TR T AT EBHBHAEEZES
RE > CEPHUANTHZIHOER EZARZBHE TN LR T4 R
HEEZEEZR 5 - ARHEKRSETHBEIMAN S KRR EZAKZS
Byttt niBydileRfRaIE2RE  LAKSEHESFE—FK
o BRVPBEMAMMBETENSA —BRE P Ak AILES 2
Btk HRAGCBHRILESEZEARE 224Gy BRBRERGHIEA
E &Rk LRI R R EM BH B EZ AR T JMEHF
#—F IR e

1ﬂ A ,.%Eﬁﬁﬁi@%%

PRAKXRAE  E3l s o~ B E - B8 - EREITERERY
BB mE P TRERETE (M) YMAMEGEZ 2R - M T2
WMAN G ERAEVE T EMSLEL BB FEASFRIMRE
REHBBETARME (#R) HREZFPEMEMANGELERBKR -
AR EZO R ERE 6 FHBEM RO ~ AR ERELEFR
MY ZHBOAREREM (wHE) THRABVERAFIHAER
o U TEMFRMANBRET EMEMS K > T LEEHRLA#EE
FAER R ETRRERARMIET b2 AW ~ Ehik P o R2 M
EMm R s B LR AT RN MGG E TR o BB
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BRI IUTF > N E S LR R EAT AL LK MR SR 0 T8 kiR
WP MAENKERE > TR SEH - RIFEM LY - B4R ALK
BT EAT ) BARNEMME > TINEMOEBRBETRE  TUBEE
B —RFE - BimBHBHRGFE MDY > AT EH R
CRERIRIF R A B R R -

AFEHASHETE (M) mBERBEIRE > ARRBHH S HZMEY
R EZAAMM > EARKERBRHBZEES - RO FEM T OIBAEH S
T OREPEMZETAGERI I BRI AT EELE &4
9RO ERAEZHIRT o SRR BOERETFE (M) mBERBHAITH
BRAHRT A BEREAZRE B EERLERIE - BB RATE (M)
T EREH TR (M) 2&FHE -

i
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RI-HE@& BB B2 REMEME (CFU/g)

Bar @£ (kGy)

it 0 4 8 10 12 16 20
It 6.2x10%  1.3x103 36 2 0 - -
I 3.5x10%  1.7x10% 780 160 0 - -
I 3.9x10°  6.7x10%  2.4x103 945 156 0 -
v 4.5x106  4.2x105  3.4x10*  6.5x10°  2.8x103 950 0
\ 1.3x107  8.7x10°  2.1x10° 8.1x10* 3.4x10* 8.5x103 2.3x10?

agese [~~~ IV SV 2R BEAREME Z 384
b= FRARZTHE
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2P EM M ERRBAKRZHEEMENE (CFU/E)

b Stk BaE 2 (kGy)
0 2 4 6 8 10
I 1.8x10%  1.1x103 360 45 2 0
3k 3 11 3.2x104  3.0x103 650 53 14 0
111 229 189 40 12 0 0
A% 720 370 30 0 0 0

\Y% 635 210 42

I 3.8x103 638 225 91 6 0
B 1l 1.5x103 810 30 4 0 0
111 252 159 57 14 2 0
v 228 66 3 0 0 0
\Y% 192 74 11 0 0 0
I 480 293 67 12 0 0
L # 1l 105 61 22 0 0 0
11 285 46 3 0 0 0
v 17 3 0 0 0 0
\Y% 180 51 13 0 0 0
I 366 258 36 2 0 0
FoAk 1l 347 40 17 0 0 0
11 32 19 11 0 0 0
v 80 24 13 0 0 0
\% 560 182 45 6 0 0

AR I~~~ IV S V AT BB R R 3 & Z 4R 4R
b= FRARZFHE
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£ 3~ UHPLC 54 # $ 0 B AT AT 14 2 A 8L

BrmEeHhLzsE (ngg)

AT AR Sk R4 R4 15 kGy B4t
I 10.86 10.59
Liquiritin II 10.56 10.69
11 10.13 10.56
Ave.? 10.52 10.61
S.D.b 0.37 0.07
I 26.72 24.71
Glycyrrhizin II 25.88 25.62
11 24.14 25.58
Ave. 25.58 25.30
S.D. 1.31 2.04

“Ave. FoR = EMR X FHME 0 PS.D. AR ER E

F A4 UAA oM AR FERSRANZELEFZTFHEE (png/e)
Rk HFE
TE L 0 kGy 10 kGy 0 kGy 15 kGy
Pb 0.3782 0.355 0.216 0.210
Cd 0.057 0.059 0.026 0.033
Cu 9.86 9.78 6.78 6.61
Cr 12.98 13.50 4.02 3.06
Ni 5.30 5.27 1.06 1.04
Zn 36.18 37.24 7.53 8.40
Fe 693.4 737.8 196.1 200.0
Mn 37.25 40.27 11.77 12.92
K 6304 6224 3700 3556
Mg 1264 1356 2912 2914

ZERARRZFHME
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