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ABSTRACT

This research has the purpose of investigating about the optimal conditions for
the sterilization of Chinese medicinal materials by gamma irradiation, as well as the
analysis of the changes in the composition of the Chinese medicinal materials after
irradiation, in order to establish a method for the sterilization of Chinese medicinal
materials by gamma irradiation. Due to the differences in their origin, processing
and conservation, Chinese medicinal materials present enormous differences in the
concentration and species of microorganisms. At present, no specific packaging
requirements for Chinese medicinal material are being applied in our country, and
in most of the cases its conservation and distribution are carried out under
non-hermetic conditions. In the high temperature and humid environment of Taiwan,
this boosts the propagation of the microorganisms can easily erode the medicinal
material by deteriorating its composition and reducing its curative effectiveness, or
even producing noxious material with direct consequences to the health of the
person who ingests it, especially when the material is prescribed for ready ingestion

as it comes.

For this project, samples from 6 Chinese medicinal materials have been chosen
to proceed with the study about sterilization by gamma irradiation. The study
consists of the determination of the optimal sterilizing radiation dose, the
measurement of microorganisms concentration after different conservation periods
since the completion of the irradiation, and the analysis of composition before and

after exposure of the Chinese medicine sample treated with the optimal sterilizing
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dose. The results showed an enormous difference among the samples in the
concentration and species of microorganisms, different batches of the same
materials also presented accentuated differences in the concentration of

microorganisms. Samples of materials Carthami Flos, Cinnamomi Ramulus, and

Margarita powder presented the highest microorganism concentrations, part of the
samples reached a concentration of 10° CFU/g, samples Carthami Flos and

Cinnamomi Ramulus both with high microorganism concentrations, required

radiation doses of 10 kGy and 12 kGy respectively to obtain a complete sterilization;
as to the sample Margarita powder, due to the presence of a strain with high
radiation resistance, a dose between 25 ~ 27.5 kGy was necessary to obtain
complete sterilization. The microorganism concentration per weight unit for the

samples Citriimmaturus Fructus, Eucommiae Cortex and Puerariae Radix ranges

from 10 to 10’ CFU/g, a radiation dose between 4 ~ 6 kGy was sufficient to obtain
the complete sterilization.

Experiment about conservation was performed after the samples had been
exposed to the highest dose necessary for sterilization by radiation, and an analysis
of composition was made to the tested materials. Samples of Chinese medicinal
materials was treated with radiation after their packaging, and after a 3 months
conservation period at room temperature, samples were put directly onto the culture
medium for culture and observation, the results show that after a period of 1 to 7
days, no microorganism grew in the culture medium or on the medicinal material.
Medicinal materials exposed to radiation present no visible alterations in their
outward appearance or quality, nor discernible differences in their key component
contents or HPLC composition diagrams before and after exposure. The
conclusions drawn from this research can serve to the industry as a method for the
sterilization of Chinese medicinal materials by gamma irradiation, to the
government institutions as a reference for setting up regulations related to the
sterilization of Chinese medicine materials by gamma irradiation and the control of
the specifications for the import of Chinese medicinal materials, to build up a
recognition by the consumer public, in order to develop a market for radiation
sterilized Chinese medicinal materials, thus increasing the economic rendering

effectiveness of Chinese medicinal materials.

Key words : Chinese medicinal herbs, gamma-ray sterilization, microorganisms
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PHRRARARE  ARBEHE - EEBRAROE - 7H ERFEALVE
EREMTEM T HRANSEABRER -FREMAZATERL HS5 T &
MEFPEAEEMAASYE ST RITABLYRE - PEMFTREE
Z A RRER - FHERE P MAEN TR B mEIREE > 8F ek
BHENHSERFEFELZ - RLBHRHAH S BARTARZR ST ARG
BhE AnEHGERAHRLEREF RO TANERERCELRBAH 2
ERRBORERIR > R Ao S A b B E % P AAMCH R E T B
FOERRPRERR N BHARLEE - RET P B AR BHREH G
BB LM ¥ BB E AL AT B B SRR A AT ~ R A ERZ RS
RE L ERIBATR AR LR ZHE F & L F A HERBRA SRR i
M2 B ~ Sk B a4 AT A M M LLBORER S 0 BRT B P B R B
ZBARE L AARERAAREEAC c B CAH S BR AR S HEE
HABRA L - B (RAFE) 0 REARDETIEM BAHE 25X
W o BMTRA ~ iy~ HET A S AR RRFE R SRS R R R Z 5
£k Mz RN TERFAARTHRGEE > BOB T ER R AK
(UNIDO) 1984 @& » R@EMIZEREXL TR EZHABERTS
# 1x 10*M8 > 485 B R B R 43 % 7% 100 18 > Bacilli 48 % B P47 8 2 R 4%
%% 100 18 » B FR4F45H KREA7H (E.coli) ~ 4 fR3K#E (P aeruginosa) > &4
FeHHHE (S.aureus) EmBED LS FEAMENRT LOKAR S
BARMRRL ZEN  BEARHBEZ T ERAZD H S B2 BB RH
BB %48 10kGy B4t THERIFORABR  B& 10kGy Btz > F#E b2
flavonoids ~ glycosides ~ anthocyans - triterpene saponins % mg f5 B ALY ¥ Z Fh R
RatanEag™ cEEEABE2 T2 a8 AR BEAMME O Sk
TEBEMZEABRAME 3% E 10kGy #4178 A H % 2a 4 + < tannins
phenolic & S -carotene ¥ 22 R T RABNBE - A D EHME 10 kGy
Bl BRI LR RS EMERZELD . B RSF LB CEE bR
HEM - BE BB RRWA  SAZERTRAB BT LA P
BlRFE > wER~EE -~ ¥R~ KA K2 FTH =4 10 kGy » FH4+
#L7E A 15kGy ~ £B A 30kGy > #HBEFTALRBHEZH 4 TkGy - £RR
¥y &G (FDA) 7 1986 Fi@i@mIB R LBHER - KBk sm
K% EBAFAY o B FRREFE AR THA 30kGy 2 # & w7 RE®
o FlEF FDA £ 5 G KB ERMZ AR REFERRD - #41
ZHARERIED R T EEEE AL FIABLEHZ 32 BT BH -~ T8
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KRG EEAE T ETHZBIARE - BRETHREE - HEBRMHRED
P EME U ISKGy 2 825 B 2R A > A 10KkGy ho G464 > # S 3T
B OA RATO AR 0 BHE P em R R RYECTY .

EHPEM L0 EAER AL BHEAE BB S RGBT S
LA ER . B P AR D 2 &4 5 B2 R RIE > hoBimR
Ak SRR HREBETEMZ SIS TEHAREREN - FEMH
FRUARECEREBTEHRBRA RTEERALBHMAREENR T ERE
ARZOZHRENNREGHARAERZGE -

A MR K E

— " BHRRREHBIERAE

B BHNFERZR FHERMERE T CRMFAZ =8 F £46-60
SHEVE PiAT o BT BB A | kGy £ 30kGy (EIZ %4 2kGy/h) - #a4
B = R T LR B 32 8 K 78 R Bl 2 31 (Frick’s dosimeter ) #47 o H R 4 €045
0.001M FeSO, » 0.001M NaCl & 5-fafe 22 A.2 0.8N B g KiEmk - A4t se =2
15 R 4k B aa 7 (Fe'') A/bAsidT (Fe'™) 14304 nm % 224 nm #4488
Bl EER S EBBETHEERNEZ - AL ETZRH ZHREBRK  BER
N (1~2%)° B354 0.01 M 2 CuSOy hu NER B BE 4875 7& P E4REE-F o E R
VER RV B A2 W THESHEEE 10 Gy

=~ PEMREREEN R

BRI ZARGR ~ MR >~ it > BAR - AP RE R oA d T RITA P #
BOH SRR NS ERk  HE— P REM S BT ARRYG B RN = E
BB - BRI R G ABIR 152 BMHRLIT - R BARIEAL-60 B
HEE > ENIEMESRIF AR BHEL (BEX24 2 kGyh nER TR
5 BAR G54 10 Bk E BRI T IAASFE S s EE
B oo fR LGN E B4 R Bk > AR R AT R X R A E o B4R AR L 3L %] B
AT A2 2R -

Z - BEEARBBEHRZER
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(— ) F @&k K > plate count agar (PCA ; Difico. Co. ) ~ potato dextrose agar
(PDA ; Difico. Co.) Z # # : B PCA #r K 23.5g ~ PDA K 39g &
BlmNZ BT > D 2 AMAREHY Y > BE N RBRIERE
ZHEMA L BENGRBAS Y RE  FLEE%KZE 50-60CH
SHEINELE Iom X B R Amd - Hm# 10-15mL > AP HEA -
% LA violet red bile glucose agar ( VRBGA ; Difico. Co.) F @iz & A&
B P B P e B I B (Enterobacteriace) 507 0 H B R F ik AR
41.5g VRBGA ¥y K im NZ AR T » AV EAMKIEHHE > 8w
NEABRIE R 2 B A 1L DGR % E ARG KB P
B 542 0 75 VRBGA iy R R &EMAZEE » HFELRERZE 50-60
CToE o 2 EINER Iem Z £ FAZ AL » Hm#) 10-15mL > A %p
#HA e

(=) & B3z % & » tryptic soy broth (TSB ; Difico. Co. )~ & plate count broth
(PCB ; Difico. Co.) # 4 : BRTSB# K30 g PCB# KR 17 g »

Bl NGH AR ZARY  REBBRA LL HEHHY 0 55
AEANFEBRE T BE ImML > o EHRALSBERE 0 BAK LR
A -

(=) BhEs ik 2 B 5 B 4.54 ¢ KH,PO, » 5.43 g Na,HPO, - 2H,0 &%
AR Y o B EAmE L (pHAER 72)  mAmL {44
EEFEERE Y BEImL > wE G BHEREA 0 SEEENKA
B BB o

N E X EN kS T

BAG BB ERHTRIERALRBAG P BEHRL AT I H R #AT
MAEMSER BT

(=) &@-FAR:t#E (surface plate count) : 4% 5% BB 41 4% B B ho A& Bk
BR N TCTRE60 5748 BEMNRES PRTS rpm ~ 7Cik
%30 g4 ARG P XIMAEMBIFNEERY ZOREEBEHE
#% E#N PCA-~PDA & VRBGA T @iz & A - 2 ER 25T %
AP R R HMARBBEZEE > 24248 1 BRE > tH
AERBEEZEE - BoRREEME=—E48 -

(=) A MAMBEEABERE B PEMBEREAEEANE R ik
AR E@ BN 2SCrAH PIE |~7 X o BRI RAEAMEELE
BRLHEALERBBRZMAMAERKIL  B—RAB ZZH S
MBITE EARRBE -
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- mEKBHETEHZITFRR

W EAEARER s AR s 40t > BAR ~ AP R B Ry o AR P BB B A R b R
DEEHO R LA RFAIFEEMATERARAI RSB ERTRS > RE%
ENEBPIHEAE - 28R E 12 -3BARE ALl —fH X BTMEMS
FRRABE P HETHEBH B PESZIITFLEH -

N PERMBHAZSSRSETF

B BIRBEMERE > ERAACHRBHAT  BRORLZIIBK  BREE
A BEEIL s BB A R BREB AT - BB h & £33
(color meter) B &4k ez Hunter L~a~b{a (L A8 E ~ +aX &4 & - -a
REKE tb R THE DERTEL ) HFHARBRKNLELES W ZINRAEL -

£ b R R AR Z R R

B BHRH Y EMZ RSB ER > 6 T R ERL B EMRREKS
PEERAETRERDREA L LD AR R RS K AT R RE
BE RS RN E RS AP SRR AL LML RE S AR
Ra Wi e B9AL - RAR AR T M 2 5tk S BAARIRAM A > AR 1g ko
A20 ml FEEF 0 SEET (258 5C) s R E A K 35 30 min » 52
B 4K3RIE T R 20ml > B ERJER 045 um JERLBIEL 0 BRE 10 1] JEA
B MRARE ¥k (HPLC) ¥ ATH B Z Ry 2 #F » PR M S b R E 5
18 %4 (Hypersil BDS C18 column: 4.6x250 mm ) « J 4% &4 cinnamic
acid ~ %R daidzein + R ALEAE naringin 45 ALY 0 BIAEA LT RA
0.1% &8 » AA# 1.0 mU/ min # 30C F#AT&IEZ R A ZEENH © M
LIER AT E & E X IR o TR A 0 A H F B2 3 ik = HPLC 45 &L 3%
V2 R AT IR Z o AL 3 > 4 fEpr A 2 Ak & & UV 254 nm > AAp R %
UV 203 nm -

%~&X

AR AR~ APt~ BAR A R B 2 A B R IE ST A R AR
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BT P RSB AREHABERESL S A BBEENAEAR BN
AMEERZEZERR R BBELENESRPIRE  BUZREEEHELE
RABERERT NFE 1 25 REGRZMA M > L ERRE B 2 BAEAER
SV MAMZRIFR BT TR PDA A2 4 Wi PCA 244
Bb o B AR Sl 4kGy B 447 PDA % &4 A HA & > Bkl PCA
mITRRRE T EMZMAEMESE -

RRERBTARR T EMZMAEN S FRMANBABARE > fF—4
bR RBAAILRREMAEN 2 ENTAB/KREE - BHRBETREH ERBHK K
GHAMENE R Wk | ZERERRT  SPAZB RS ALY
10°~10°CFU/g » 4& 10 kGy #8414 4 £ #1175 %77 10°CFU/g » & 25-27.5 kGy B
SRR SER YRR o NIRA MDA B EBIKY L 10° CFU/g» R
%5 kGy TR E - B 1 AR s R @R A& 10 kGy B 414 45 1%
BHEENFRRAL A2 RZMAME R RERARLEAEES
Ak BAH SMEENK MEBHAORLMAENSTCHBARY B2 A%
LR R % 10 kGy BAHE 25 skohik & IR TR MR B A A
AEmA2 RG22 A mia  BP RGBS HREMENE K (B 2A)
mBH GRS FRFRARRY) BXZRGFEKRA— S etk (B 2B)-
H b s bk 3Ky PCB REBARTY » b A—FERZERHA -
AT ST IUME R > BIAFH 00% ZIEEIE (LDo) % 15 kGy > JE A& Bz
s A HS

E2AHUICBARR ERA BRI BEMAENE SRTARLRENH LI
LA A4 10°~10°CFU/g» ;A 8-10kGy B4 THERE - B 3 ARER
A& SKGy BBz it LaABENe AL (B3a b)) AREKFRE
ek A bz pamie (B3c-d) TRAB 3a PAHFSEELERNEAER
Sehsitrnidg BARERMERZBAALETFAREGEAK(E 3¢)>
MEBHZGLIER D BB EERERBFRISRARGBRELT DALY
THARD (B 3d)-

A3 BBRAERABERAAZREMENE BRTAAEREZWYH S
P4 #4 10°~10°CFU/g » SAR ) B 8 B 414 T R, 1 $00E 7] 8 34 o o 6K
R4 B MBS H L 4-8 kGy BAH R TR E MR E S 10°CFU/g 4tk
LA E 12KkGy TReER WA cBlda b c d R ARERILRLE2-4-6
kGy BHZ 2B BEHEEMITRRBR 2 RIMAEH - TRE da v AH S
AR AR B Ak P2 A M EHR > ME 6kGy B4t 24k b
PERAMBARSG RAYVEN@AL R (B4d)-
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AABREARRBEGEREREH ERABE L PRANZAGFE L
B8 B 10'~10° CFU/g > P # a8 4~6 kGy B4t S TE R 2 M HE - B 5
PR~ 2 RGBT RBHEE 4 kGy BYo BERAS BABENRALRE (B
SA) AR 10432 Z R RN AATRLE (B SB) 342 REZMAY
tTRAAGBREERZZREHREAAEHRANAEE  MABKELB AR
A EMHE ARG IMER ) BRELEAKGY B ERALEREAEKER
RRERHEMAEME K o

RS ARBERRB ERABMAMZALEE AEREZHSTHMAY
€% 10'~10° CFU/g - R BM LA A RGARBERS  2aMAE iRz £
FrARX M AEMA T SEA R RER TS 2~6 kGy - B 6 Ak
HEBHZRRAEEN AR R AL R2MANM B LM ZRZEER
FREG et 4KkGy BB TEREA -

* 6 AR EREIB ERF AL T HRAEAMZRGEE AP AP RER
EHLPZMAMES 10'~10° CFU/g ; Mk ibfdal43 2 4 @ # A&7 10
CFU/g o A4 ¥ S0 18 B8 43 5] 2 3% /v > K %45 B BUK > £ 440 F 4~6kGy R 4
TSR WP L2KGy Be > T HEEMERSER - B 7 55 AL
BRAMMFARBHREZAIKGY BREZRDEBEENARLAERA2 RAMAD
Mo EP RGBT P A BN A MAEME K Mk 4KkGy BB 4H1E AR 5 BP
EBMAE MBI

FEr P L VRBGA ‘Fd@iz & AR P &4 Pay N & (Enterobacteriace )
SE AT EMZIMRET RAD KD Z | IRR R AL 2 dikiktk b
BB E - SRk TR REBEZHHH T A4H 10°CFUL BN H -
1@ 4 kGy 53 43 7T 45 By P9 B 20 o A HE &% 8 4 10° CFU/g Z B3 M & > 24 5 kGy
B3 &4 75 VT 4 ok A A0, ©

= PRAFFAR

o TEM A A IRy RN RO SAREMERBAB ZETR
5o MBENEBR TR NITARE 3MBARRERL A TARAESE®
PARERAFLE BRETETFTEMOKBRURAAER ERARIE » &3
BHZERITBRIEL RORRALEMANRSLG LEZEEN T ERRAELA LA
BR &1~ REBZARFEM L EMAEME K -

= -RBHBFEMZ LY AR
S EMEEMWER S T BREXAE TRERE > S H MR IK K2
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EEHILER - TR PEFNENLRBYEZID RN A REHS B H EM F
ZHE  BBHHENELI omZAMLRE T > HHEDRAEEERSD
ZBRE - BB EAT ERZAE - £ R R SHT BEAMDHRHRAIGZ
‘P Hunter L~a~bfd (L A8AE ~ taX k& ~-aR&&kdE  +bkikT7x
G ~-bRTEE) 534 9232+ 057~ -0.38+ 0.13 & 2.62+ 0.41 ; & 10 kGy
B 412 A4 2 -F34 Hunter L~ a~b % 7] % 88.84+ 1.02 ~ -0.45+ 0.05 & 2.65
0.23; 4 27.5kGy BB 4414 43 % Hunter L~a~b {5 %] % 87.01+ 1.87~-0.48
0.06 % 3.09+ 0.03 - A ~RAZLH AL L a - bEARERBHER D
FHAL o Ll SF S ERBLER > & 275 kCy BHA UMD HRHERE
EFRALREHBE > M I0kGy RAFAARECRA L RABLERE -

t
t

W~ E A RS AT AR R AT 2T

6FE T RMHUBERAT T RSB TS BITRH R I 54 H R
ok 8 ARGRA AL 2TS5 kGy BA#ZZ sz Mk aiaiEn o B
SATHA B9 E G 5 B A 2,101 0.12 & 2.15+ 0.07 > Fa s Rl % %1 4 0.14+ 0.02
B 0.16+ 0.03° Ba~ %24 27.5kGy B4tk ok G il o2 AR E
i ]

Za)

RO AR BR - RBRBHRIEATAZIERERNSEE HEAER
4 B4 12 kGy B4t Z 4% s % Cinnamic acid F342 2 5% & 0.85 mg/g &
0.78 mg/g ; BARKAERE AL 6 kGy B4t 2 4542 i & Daidzein F345 45 €34 4
0.87 mg/g; AR KR &R R L& 6 kKGy B4 2 354% s Naringin F35 52 4 7] &
38.49 mg/g A& 41.23 mg/g °

S FERALAR B S R X A5AR R T R B 0 A F B2 EEUR X HPLC 547
B 5 bb Btk du R AT AR 2 0 AL - [ 8 B 4r fEAk S dg 4 R AT AT 1R 2 HPLC 4
MBI o thi ka4 10kGy BT B 3E - BT A2 39 min B A R &5
B R B S B Al B 64 B B RN A R Bl AR e B SR R S @
Mo BN RH B LRSI RE ERBELYE - B 9 APk s B AT
1% 2 HPLC 247 B 3% - bt 257 B 3% =T R BB 4 AT 44 6 AL A0 AR 50 A 2 309 547
Bl 3EARAL 0 AR KB EFR] 25min ~ 36min ~ 52min & A —BAMAM S > AP
36 min & H % o @k & B R ) 0 12 K 48 B 4T Z AR 25min B 2 K o @
1@ 6 kGy B a4t A% MR G R Z AP 52min F 2 M5 BAFRLE 6 kGy B
HEHBB IWERERT ARSI LG RERARK R T RERSOEG FiE—

SR -
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B 3

AHERRZ HTEH T b LR AEBEENEEZREMA
48 TiE 10° CFU/g » R —# ¥ M 2 RAMREREZ M AN S EHAEA
2R BRUHHELE —SRBHEKTE 275 kCy BT ERDE£H > Lt
P EEAR LA 8~12kGy B2 4t A2 B TE T DRA XK - M BAR ~ 3%~ A1
Z 4 B# K& % 10°CFU/g > (% 4~6kGy B4t 4B @M AR - TR T F
FRARPEMTOBNELE AR EBNEASES 10°~10°CFU/g -
25 kGy BBATER T8 A o KB P ARG 3 b M 2 B A A B B BUR
(g7 10°CFU/g) » {a b At 2 W 538 Bibd el d R 2 50 R
M RHEM T RSN TAS AR SN EE P EHEEOER
BB AR 0 BB P A R A IR Ok o

HE—FERARTEM P HMAMSERRERLE  BRIVOFFR A —FE T %R
R A EL R B B THAUMBALLYH - F—RFTRXAEE P EH LS
HEBEENE AL TRAMAEMA R BRUABAFTHARI  EF U
WAERERE  RARMANMARNEEBARAFEREGERRA —RIEH L
W HABZBRRRE BN BRI HELS > UERER S LB &M T2 AW
AR ETEEMANNTEM LA RREMTBEZIRA  BEHEMEES
BEATERA R BXAATHRALK dEMBAESAERA LEd 2 M4
MAKERES  RAEFINMAMFTLEZERE EF5EE0L oty
B EFNOER eBEARNEM L EARAGEM TR ERLE
b RERAABECREMMEFE RS B A L ENBEMBETERE - by
BT EM RN AEBRER I MAEMEALEREARZIA G - ME SR
B vEMSZOER BBEHBRRZREGNEER L  FRAERAE
BREFHZ - ERAEZ AR G EH T EM RO AHF®RER
Z A TR Bk R R A S AR ST B o B Sk LA Sk = AE Oh vk B B AR R P B 2 4%
A EALE I BRAZEMZIBANARFTRACRA R
MER > FAEHERBEFH - BM T I MAM S R ATEBHBHEE
2EFRE AT UMANSHZHOBEREIZAKRZIBHIUUET A R EES
BHBEEZXETERNF ARG BEMEMAER > BT EREBB &
HHAGEEARS 22 10kGy RAZBEAGEEZALE R EAK(E 2)>
IR ENEHBEAEREHAB ERHZIEZRE > LAk HEFE
— S -
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15~ B

i

FRRARAR > ik~ wT ~ B H s &8 EREITFRERDEE
R mE B TRERESTEM PMAN S EZEZR - B PIMAMSER
BEERETEMSEE KRB AAARTEALSFEZARERGABET
AREME (#R) HREZIFPEMEMAMS EZERR - MAMAREEZN K
AEEaR o BHBEM RGN  WREX BERXEARRMYE  XEBE SR A
R#EM (NRZZ %) TARABZERALIMARS BOPEMFR
MAMBRESE MBI L A EEHREANELERER > LT ETRER
RAESESEZ AN ERE PRI MAMTE B L EHHITH
WA AE B LAFRER - B R B AN ISR o N ALY L Rp AT
MEALLEABHBA THERRBRERNTRAEMKERZE > TURLEKH S
Bl S ARAFEM B E - B4R A A KB T BT BARMETHE > THEME
BHBEAREA TUBEOEBFZ —RFL &N TERAREHER
HHME > BMAFTEMBRA  R&ERF T E > AL EEIRRE -

A ERFTORT M EBERBAAREA  AABRHB ZABRAMBRGFEZ
AN EARKEBHABEFHMSE R PEM TR AEN ST XETEM
ZIAME R L B Rz R BN PR ER B R PREREOR QKK
ZHT c AT REREFR TEMBE SR RAZIMERAR ELIHNE B
A~ AAE S A2 6 KGy B B B 4T s 4otk 10 KGy ~ A4k 24 12 kGy B Z 8B4
Bk th L B A A AN 10°CFU/g 2 4 SkGy Bl 2R 4 > 2R E S
&7 10°CFU/g (44 SHisest Bith) 4% 3otk & A2 H U 27.5 kGy B & 5
HETEREER HREOERETF EM I ERHBRATHERF T KR
BEAZRAB EERSETRIE HBEBHRATEM TS ERSFTEHZE

e xh A
/g\ﬁi_ﬁm °
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DADL A, Sig=254,5 Ref=500,20 (SHIH0310192102707.D)

DADL A, Sig=254,5 Ref=500,20 (SHIH0310\92102708.D)

mAU
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g <
80 o}
™

84430
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R1-BR{EmEKBRERZAFMENE (CFU/g)

B4t € (kGy)

g "
0 5 10 15 20 25 27.5
1 2.6x10°°  3.7x10°  6.2x10" 1.3x10° 8.5x10°  2.8x10' 0
I 2.3x10° 1.2x10° 1.7x<10*  44x10°  3.5x10° 0 0
I 8.3x10°  4.4x10°  83x10*  8.0x10° 1.1x10° 5.2x10° 0
v 8.8x10' 0° 0 _c — — _
\V4 1.2x10" 0 0 — — — _

TSN AR LBARWE R E XA S
b= FABRZ T A
‘— & k%A

R2-it@m BBk AEHEME (CFU/gE)

B4t @ Z (kGy)

YA
0 2 4 6 8 10
I 1.2x10° 1.4x10° 2.2x10* 1.5x10° 2.1x10° 0
I 6.0x10" 2.4x10° 1.3x10° 1.1x10° 0 e
il 5.3x10" 1.2x10* 4.8x10° 0 - —
1AVA 1.2x10* 8.9x10° 7.4x107 0 — —
\V4 2.5x10° 7.3x107 1.6x107 3.4x10' <10 0

PN AL BAREMERIRE AL
b= FaARR A
C— & k%A
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A3 -BEEBNERBIHEZAEEMENE (CFUQ)

B4t HE (kGy)

Sz "
0 2 4 6 8 10
I 1.2x10° 5.8x10°  2.6x10° 1.4x10° 7.5x10' 3.7x10'
I 2.8x10*  2.1x10° 2.2x10° <10 0 _c
111 7.7x10° 4.4x10° 0 - - —
v 6.8x10° 3.3x10' 0 — - -
\V4 1.8x10° 2.2x10' 0 — — _

YRS A A BAR M E R EZ ARG
b= Fa AR YA
‘— & k%A

k4~ EREERBRZZ2EEMENE (CFU/gE)

B4t E € (kGy)

e "
0 2 4 6
I 5.8x10%" 2.5x10' <10 0
I 2.9x10° <10 0 _
111 1.1x10? <10 0 _
v 2.3x10' 0 _ _
Vv 4.5%10" 0 — _

Y R IE NN % S P2
b= FaARR A
‘& k%A
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A5 -RBREMNESBREZEEMENE (CFU/g)

R4t H € (kGy)

Y
0 2 4 6
I 52x102P 1.4x10? 5.6x10" 0
I 3.1x10° 5.7x10" 0 ¢
11 2.1x10° 0 0 -
v 4.8x107 <10 0 —
\V4 6.8x10' 2.2x10' 1.1x10' 0

C IR B AR R AT IR & X AR S

"= FA AR FIE
‘—k k%A

RO @ mEKBARZEAEHMENE (CFU/g)

B4tEE (kGy)

“oe
4 6
& A AP 1 3.6x10° 7.4x107 1.2x10? 0
A A A 11 1.9x10° 2.3x10" 0 ¢
A A AE 11T 8.1x10" 6.7x10' 0 _
kb A Ad 1 <10 0 0 _
kb A Ad 11 0 0 0 _
0 0 0 _

Ky AL AP 1T

RN EARAWEREZES

b= EHBRZ TG
‘— &k k%A
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R T-Bsromr B & & R4 XX VRBGA 32 % K A
zENEaE (CFUg)

B4t € (kGy)

&
0 2 4 5
Brky 5.5x10 <10 0 0
AT 4.3x10° 3.7x10? <10 0
el 1.7x10° 2.9x10' 0 — @
TS

28 -BHHEREREE HLEE & Hunter L. a. b.f&
BRika -~ B es

Crude protein  Crude fat
Treatment ' . (g/100g) (g/100g)

0kGy 92.32+ 0.57* -0.38+ 0.13 2.62+ 0.41 2.10+ 0.12° 0.14+ 0.02

10kGy 88.84+ 1.02 -0.45+ 0.05 2.65+ 0.23 —° —

27.5kG
4 87.01+ 1.87 -0.48+ 0.06 3.09+ 0.24 2.15+ 0.07 0.16x 0.03

CHEH A= ER AR A
P & k%
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%29~ A HPLC ¥ P& NBYHA - 222 R081E

BmEgghazsz (mg/g)

AR R a5 R R4 12 kGy F&4¢
I 0.83 0.75
AR II 0.89 0.82
Cinnamic acid I1I 0.85 0.72
Ave.* 0.85 0.78

T8 A% AT Y% K& B4 6 kGy #& 4+
I 0.86 0.86
AR 11 0.90 0.87
Daidzein 11 0.84 0.88
Ave. 0.87 0.87

AR Ay Yo% K& B4 6 kGy B 5t
I 40.12 41.26
AR R 11 38.22 40.76
Naringin III 39.09 41.67
Ave. 38.49 41.23

"Ave kR EHA X FHME
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