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Studies on the Gamma Radiation Antiseptic Dose of

Polygoni Multiflori Radix

Ying-Chen Chiang
School of Chinese Pharmaceutical Sciences and Chinese Medicine Resources

China Medical University

Abstract

Gamma radiation is a physical process commonly used for the eradication
of microorganisms distributed in food ingredients, medicinal plants and other
bioresearches. The aim of this study was to investigate the effect of radiation
dosage on the microbial load, chemical compounds and antioxidative
characteristics of Polygoni Multiflori Radix (POMU). Ten commercial POMUs
were purchased from different herbal markets and treated with 2 kGy, 4 kGy, 6
kGy, 8 kGy and 10 kGy gamma radiation doses to evaluate the microbial
burdens of irradiated and unirradiated POMU .

Our results confirmed that 2 kGy was sufficient for the inactivation of
enterobacteria; at 4 kGy, mold and yeast counts were obviously reduced; and at
6 kGy, neither yeasts nor fungi were observed any longer.

The antioxidative effects and major antioxidant components of 0 kGy, 5
kGy, 10 kGy and 15 kGy irradiated POMU samples were also examined. Our

results confirmed that 5 kGy irradiated POMU had both the highest
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antioxidative activity and lowest value in ICsy of DPPH radical-scavenging
activity. The content of total phenols had no statistically significant changes.
Therefore gamma irradiation at 8 kGy could be a potential method for
decontaminate the microbial load of POMU to prolong shelf life and to improve

hygienic quality.
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Studies on Molecular Identification of Taraxacum

formosanum and Distinguishing from Its Adulterants

Abstract

Original identification of medicinal plants is important for quality control.
In this study, the internal transcribed spacer 2 (ITS2) nuclear ribosomal DNA
served as a DNA barcode and was amplified by allele-specific sequence-primed
PCR; this approach was exploited to differentiate Taraxacum formosanum from
five related adulterants. Using a set of designed PCR primers, a highly specific
250 bp PCR product of Taraxacum formosanum was successfully amplified by
PCR. However, no product was amplified from any of the adulterants. This
indicates that our allele specific primers have high specificity and can accurately
discriminate Taraxacum formosanum from other 5 adulterant plants.

We also established a rapid, sensitive and specific loop-mediated
isothermal amplification (LAMP) assay for authenticating Taraxacum
formosanum. A set of four specific LAMP primers was designed ba sed on the
nucleotide sequence of the internal transcribed spacer 2 (ITS2) nuclear
ribosomal DNA (ntDNA) of TF. LAMP amplicons were successfully amplified

and detected when genomic of TF was added in the LAMP reaction under

XIX



isothermal condition (65°C) within 45 min. This specific LAMP primers have
high specificity and can accurately discriminate Taraxacum formosanum from
other adulterant plants; 1 pg of genomic DNA was determined to be the

minimum concentration limit of the LAMP assay.
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8.5 Hipihd i) £ & fpncnip|d AL S ER A EF 2T
AP E 1.5-2mm -

OE T o BAARE £ 2 L

JJat g F o cynanchoides (Hemsl.) Harald. var. cynanahoides

O E T o ir EMRAERERLS B E L

7b.k & 2 & ¥ F cynanchoides (Hemsl.) Harald. var. glabriuscula

(A.J.Li)A. J. Li

=@ & Fallopia multiflora (Thunb.) Harald &)

Fallopia multiflora (Thunb.) Harald in Symb. Bot. Upsl. 22(2): 77. 1978. -
Polygonum muliiflorum Thunb. Fl. Jap. 169. 1784; Forb. et Hemsl. in Journ.

Linn. Soc. Bot. 26: 342.1891; Stew. in Contr. Gray Herb. 88: 96. 1930: Kung in
12



FL 1. N. Chine 5: 57. P1. 24. 1936; % igte4 & 1(2):156.1974; @ et &
1 :246. 1976. - P. hypoleucum Ohwi in Acta Phytotax. Geobot. 7: 130. 1938. - P

multiflorum Thunb var. hypoleucum(Ohwi) Liu et al. in Fl. Taiwan 2: 274. 1976.
syn. nov. - P. multiflorum Thunb. var. angulatum S. Y. Liu in Acta Bot. Yunnan.
13(4): 390. 1991. syn. nov. - Pleuropterus cordatus Turcz. in Bull. Soc. Nat.

Mosc. 21: 587. 1848.

® 8 & (& %44) Fallopia multiflora (Thunb.) Harald®”

AN

EAT A BAWE s EFEFA 0 24Rd o S K 24ms 5 A
o BB RS o jichek o TIVAFL o PN K PA) 0 £ 3-97 em o
i 2-5 cmo TErhATA o ARG AT A G ek B 2% Ek
1.5-3cm; deeh s 50T > B AL > @ L > & 3-5cme (- Rl > B A A d
£ 10-20mm > ~ 4B B 0 B wmEidE 0 e AR RA S TV 2 &k
Bl RAz s BN B EPE 24 T w0 £ 2-3cm s TRRE R E
SRR TR S RH 6 AR o AP ERA, 0 < A ApE s 0l
B R FINEE s SR L TR R ATRA > AL 67 om s
B8 AT IR T T30 e E s HERER K o %k PA) 0 B 340 K 2.5-3
cm> 2Ahd o EE o EF AN o CH 89 5 K8 9-10 7 o
AR 23~ HAaM s FLF? ~Fa w232 F o
DB e LELHRT 0 BB E M 332200-3000m 0 P oAy G oo
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B2 %4~ Fd v FER

AXN o@D LE PR E Polygonum mutliflora Thunb. var. hypoleucum
(Ohwi) Liuetal.en s Bte 4 » H ol & F 3 < > 2 /& 5-6cm; £ 7 & FlLKk e
A% R FHE AN < B ® g § Fallopia multiflora (Thunb.) Harald. -+

SRR B E
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Z -~ B2t B L O8)

()~ HERAEE A HEAA 5 11% .
% % * % pr(chrysophanol) ~ + § @ & fit (chrysophanol anthrone) ~ + § f&
(rhein) ~ = § % (emadin) ~ = % % 9 @ (physcion) ~ * § % -1,6-= 7 B
(emadin-1,6-dimethylether) ~ ~ § % -8- 7 [ (questin) ~ ®-% & * § %
(citreorosein) ~ M- %% 7k ~ § #% -8- 7 A (questinol) ~ 2-2 fE I < & % (2-
acetylemadin) ~ < % # -8-O-f-D-vt ra § ¥ #% i (emadin-8-O-f-D-
glucopyranoside) ~ = % % " EL-8-O--D-#t v § % #& 3 (physcion-8-
O-p-D-glucopyranoside) ~ = 5 f=-8-O-f-D-vva §~ § #% 3} (chrysophanol-8-O
-f-D-glucopyranoside) ~ 2-® % 7k-6-2 it A -7-7 7 7 ' iR (2-methoxy-6-
acetyl-7-methyljuglone) ~ « % % © f-8-O-f-D-§ # 3+ ~ < % % -8-O-f-D-
TAB - A M -8-0PD- T - £ <P 2 F A G Bk
AFRAE R RE .

(Z) F 3= A
Z 8 T % (tricin) ~ #-4 % -3-0-% 5 % 3 (quercetin-3-O-galactoside) ~ #+2

% -3-O-1¥ 3 i94% F (quercetin-3-O-arabinoside)

7 #:T § % & pk "e(N-trans-feruloyltyramine) ~ N-~ ;% fP #pe AL -3-7 A 5

= #(N-trans-feruloyl-3-methyldopamine) °

15



223542 - Fe % -2-0-4-D # B ¥+ (2,3,5,4"-Tetrahydroxystilbene
-2-0-f-D-glucoside 7z & 1.2% > % A B K3+ 4)~2354" - 558 -- F
e %-2,3-2-O-f-DH § 45 > T F § 5 & (polygonimitin C) ~ 1,3-= 2%
#-6,7-2 7 JAfk-1-0-B-D-F 45 > T F § ¢ % (polygonimitin B) »
234,6-> 75 ¢ px F pr -3-O-4-D- § § B g (2,3,4,6-Tetrahydroxy-
acetophenone--3-O-f-D-glucoside) ~ 2,3,5,4'-2 5 4 = ¥ ¢ %-2-0-(2'-0-2
A ) DT A < 6-7 F A28 37 A4 FPR8-0BD-F I -
(T)~Hbs = a
7 B-# & f(B-sitosterol) ~ #* HF H i & F 2 fE ~F& Zn~Mn-Cu -
Fe~-Mg-~Si~Ni~V~Al~-Co~Sr~Cr~Ti~Ba~Ca~Pb~K-Na- 3
BEAA L FY R F BT F N BAEALEFY FHEHTHE
o TR SRR EN S 3-0-X 8 FERT AN ~3-0-1 8 F £ TR
3-0-2 8 + figlh = 2 J H ~ B, (3-O-galloyl procyanidine-B;) % 3,3"-O-f i
g5 fipfh X 2 § H ~-B,(3,3'-O-digalloyl procyanidine-By) » ¥ 7 2333 A
BREE i & 3 o 5 PEERy(Lecithin) g 3.7% » 42 %% 3.14% » & 1.05% -

JeAs 45.15% > B - i T E
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R TS S

-~ BN

i - fAand MTRALHE)HREZ FELF (WD
E)nM i @ E s ki BB MA MRS T 4 0 A s e
PEHLEE S S BE

PLUFALTE S thdp il B MR A 2 PR IR S Blde S kL R

i

A A BERT AT ERT -
PRUEIE S dn BB o R R P T A2 PEYIEY g s o

(DR QT 155

Iy

AL SR B A R

R e (ETRY | P o N
—&%ﬁmﬁ%é&ﬁﬁaﬁiﬁﬁﬁﬁ%mé(h

. X &am

TR
A= ; R/T‘Jﬂ\
- B Rs

P15 5t B

— B Es [

zhje © ok d

B 1-1 % 3 g s A 877
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TR R R~ Ll

Sl U Oy

1m
Radio
1 dm
10
o Micro- 1 cm B
35 wave 10
O =
S8 T mm
2 9 10—3
Far s
- infrared 10
S <
-2 O
8 ‘(‘35 10—5
o5 —
=> Near
infrared 1Tpum
© o
F=l<N | 700 nm
=l Grece VIsible
= 2 - 420 nm
S
3 Ultraviolet 107
Ll o
Vacuum 4
ultraviolet —— 10°°
1 nm g
S
= —10
s 10
E'g X-ray
S5 —— 10"
83
1T pm
c —— 107"
= O
G =
22 y-ray
G =
S (&) - —13
=3 10
Cosmic
rays —— 10™

B 12 T 5 a5 6 A

BT R bF Ffra$7 5 -
S G ke 4T fr T

WL B SR KA e T

Ve AR R RPN 2R T ROdE S

EiE X RE e AR N R
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FRid I -BBEDYF EFRET AT DEFTENE > gAY

N
|
<l
#
A
o

LR s A R E 7R A 2 ABE -

B RAR AT AL E it FET MR & B S BRI
HZah b e AL SR F R B 2R Rk s A bR
B R o Ak IR b AR AR T SN RARE P

W s H b o o

321 O
a

R S

EREGHEG S 0 I MR

AR EEMEF RGN REL 0 T T4 K E TG R o B R

AT 14 st R RPN Y F o mapEr© .

F OB AE S R R hEH e

1. #5553 & chH = Becquevel ( B 5. Bq) & Cuvie (&2 Ci) %7 > - #)
BEE- BRIPEAEHGBAEFLS 1 L7 237X10°Bqg=142 -

2. T A R E - 2 TR 1 BB G E enidp S ARPEAL S

1 5% <1003 #=1%F °Gray (57 ) 2 rad (F#F) (% I-1)

SR 2 edg b E sk £ H - Sievert (7 2 )& rem( 4 P )

RS EER L ERE SRS TR T Y R
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% 1-1 fp A€ 8 =4

H fd W P

Bie 22 |f5sdmi o 1 22 =370 &b & (3.7x1070)

BE-FH | femE o E 1l EF =100 §#
T F R =

T e s | HAPHMPBEEmE 1T 24 =1004P

L 12 A 2

~

7N ) ¥ & F % %
o B AR 3 RFfaund > R 20

B ot s 25t AR 1
X~y A& K iho 480 § A 4 5 R Bk 1
e T I I X 10
P e O )

S~ P ER R e R 2ok 2o 07

(- )~ ® F [ sadg sie Fehm L

T HE 5

L E R SRR L 4

137 s s Ly L -
Cs izt dien[] 51 » T+

P

e B

i
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Akt ¢ BIRER E S gy CCoy AR FP 3 £ A 4 ik
Mg Fe st Mg > 5P DT 2 Fif &2 o

2. OCo-y st Ldg 57 e d o BAL B i SRS TS ¢ 5 A

A s E"ﬁa—%—é’% 4o T2~ l"gfr"lajﬁ’ TR % E P HK ~
B F R o HApT (EY AR RA GSBIAE D IR E R F

FRNNEE 3/ SR B 12 I 3 2R IR R R
o B A R ADNA et b~ T [ E T A BB E Gl P ga
P LE IR T a8 S ILEAE R RA P R P e
345 5 R SR B 2O G R SR FAR A ¢ g i A A
ho S B A A S AR R 2 fg RRIE S E B e R Y
For oS A B T A2 - BT R eEE, T LDy (B o 4o
R LR ip R Y B W4 Flc s Noo B R RE 5w p
i N> B9r3 B enfg AR D=KDyolgN, /N> Kiad 55%ED -
(=)~ ¢ Ff bR Feng 270
POER S - R 33 CCoyl S KR o HARE S T
Fog A s o A d RS IEY A4 pd Ao pd AR
fra s PP TFr > adifkmie M 22 4 et B8 0 BAR
BB e Ak B ot 3 B st o B gk st o L P
BERESIEDRAAFT R~ F - F B EREFLIPFRE - D
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Tk i 0 B ai-9% 1.67 MeV > B erpt-12 5 18.8 MeV7” o @ “Co-y
B B 51335 117 MeV, % bt F i Bs3 (512 Mev) ¢
SlActr ko w2 € RARPR ST A 2 B s F ehwt * o AT AL R S
P2 § Pl S D %A AR araRT o

PEGRAFCGS L SR ERS AERY AT VDR o ¢
4 L e B F L 20058 55 ¢ H o ff S R F oo G E R E R
BERFILFERY 2R

R R > R EMEE TP S s RAORINER G P L B

-

5 BB I R AP iR A AR & 4 ¢ S
T & FMh @8 (FAO )~ M R+ it #811(IABA ) fou' B 72 ek
(WHO ) 5= 2 BBE R Sf 8% ¢, =HHERE 5% 21 -

1980107 > d Fif3

w
\rn

e A TiERe SmE L RAR € FH
%@:}30 5 E % i,ﬁ:ﬁﬁi“ﬁ%% ,ﬁ;‘;&rﬁ,vql;}g o iF R F,,]\w);z, | 4% T
2HE10 kGy "R AL FREFIFF S G kR 2 LT

Pk Y R oA F AT e

A~

202 2 T0E Y d MFHELR 6 e S RS 4R
friksk B3P 7 CCo 4 ¥ E P AT - 1997 # fFd 30 5 4
W FRFER 0 (VCo iR FIE) BN F e G
L * o 2l 2 ievg SEBELRL K nif it 4FGERY Fik

22



LHPEE SERFAFME LR TH S FREZ G FRe 77 EH
AR er F Rk > ¢ BRI FF R A SR RF L30T Sk
B Ao 3kGy; A 13kGy s 1A 5kGy s P ZERALE  6KGy o
RFGRREH SEL G CEX 1985 > F A E (3kGy) f5 R #FH 5
BLFHRRESH 3 LFHEREN SR F LT 270 ; vF R

ﬂ*%%ﬁﬁ#'ﬁ—??i%i” 70;‘;’,‘024};%‘—-—‘— ﬁﬁ’JAjk‘;fé‘;Qa_f,

F Aot - i (§-fh) FH e Fig RS FEF o b ool £

7 (9428 3 kGy » FAIES R B AcL L AEZ LI B RR
p{] o

R RSP E EaREr > & £0(71 82~ > £ B2 ML
B BFFE A AT Er B4 0 2B ARB SR E TR
IAEA » FAO 2 WHO % E.%k Yok 2R R 2T Bdpts 0 1980 £
# 10kGy M T R HB AR F NG S EALFH AL 2
7 FiefFdsr 4 29 5% o JAEA> FAO 2 WHO % 3 1997 £ 1 7 -
® @ 4~ P 5tk 31 € (Geneva » 15-20 September 1997) » ¥R &+H € 1 75
kGy $#h ik 8% 2e MR g REBI NS F BT L% 2 iy AP

TEMR & e 2 R 2 I R T R AT

|
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%13 f§gR 8 Hhpk >

B 2 8T RS

R e p e e
1961 | e & et 22 s R E (R TEFERISEIEITND | FEE
ZR'E § R RS f:
1964 | FAO/IAEA/WHO fgfk & ¢ 2 | dwls RS S22 228 5 | RS
PR LB 7L § 7 be P RJL
1969 | FAO/IAEA/WHO 5 & & & it > a‘ﬂ MEEF- 8T SELR PR X
s s p4E R € (JECFI) fr B LB
1970 | B & 5P st 4 (IFIP) fcd | dshd 2B RsAm gy o3 2 %t |+ gy
FERL & e
1976 | FAO/IAEA/WHO #5 P & &4t > |45 & SRS E S WA 1 Jjbe 247 | P P X
tE s & 7L R ¢ (JECFI) WG Finik 2 Ap e BT driiiih
FRE?
1980 | FAO/IAEA/WHO #5/ & &-it & | 4n110kGy 11T chig R & Senig > | PR X
M e & 7 & R ¢ (JECFID) ERER S
1981 | B & SR stit & =
1983 | FAO/WHO & & ¢ 2% f ¢ F 2 FEIE PR 6 5 SR YMo(F
- N B e iﬁdﬁa>>
1984 | B & &R oTiE: ] e = B & SR EY el RS 5T
(ICGFI) | |
1988 7 MR e Saugx ~ F B3
%’» . ? 2 ORI €3k
1989 | R & S84 B ¢ & SR 30 | $HER 6 Lol AT S5 | B F
= R &
1994 | WHO £ = $H{g B a8 St 2 |2 i&ﬁ@awm&_}:[’}r}i Y% R
B FER
1997 | WHO #t3 #EH R & o0 | 10kGy ™ F enfg BB & ik > 442
3R
RN 3 R A o (72)
SHEY R FE %0 £ T0E R B 1R R % kR
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F P EERR AR FECR R B AEAE S 2 AR %ALY
HSE ARG o P om ST TR 1 g R R 100 5 & o 4e R
EZRFRERY (TR RS BEF IR Y AT 4R S 231986 0 T E Ko

LYEROC RS WERC FrRAew S RS SL A RRSS bF 2

bod RS FE A R S L RS EHE R i &
KA A drdes T s AUk S s il 28 e 7R A EE

gL ERFT O EFHAS? AR R AL 2 EERREEH B b0 2

dORA BT 1996 £ 2 FIEE G BFd FmyEE > 5% 10 kGy F -

T

She

RV RHHE > FHERNTFLERS &t FE7 X7~ e nk

LS

(

-

PP afg e e &5 ) 0 e 10 kGy T g BB 8 AT AR 0 A
HeogivWL it EFHR - FR 2 I P I REL LS
2R TR 2FE 10KkGy 1 i B & ST 0 A ELE o e il
FERRN G SRES TR YR KSR G RAS
F 2 % 2R TR

ARt % 41999 & 9 4 29 p £ AT R G So4p SR s e (),
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B 8RR AL BT PR REREDETT 5 S iR

FEECAFIFEAD CFTRAMARP T c ARG R F R RS RIZRF Ao

% 1-4 ARG 545 5 PR 5 AT R

R PR S RH 5 5 R B F 0 S A | Bo® REE | RSP D

g 5 B E(FALFR) | EFHD)

B&E ~H4F - |23 10 0.15 gy

/,,\“1@’\ ,3_“‘@’\

NS 3 X Bfa Ny |5

LY S T3 10 1.5 o R8T
X S y 5 |5 Biehd

¥ E T 10 24 u R
X BF&es y BHA | S

e 4 7 10 1 ied
X samet y sam | S

His 2 WEx il 10 1 uE T
X BNy | S Picf 3

HAZ: HEAS [ £ 3 10 1 Bichd
X BRey s |5

2L FAE R | RS 10 5 A NS RA

AT X S8y S |5 2% iR

4 LR P T3 10 4.5 FE R A S A
X st y sa |5 AL Az

E T S T 10 7 uE T
X et y s |5 AL s

%

T Sk S b N I 10 30 Bied 3 ® BE

rRH 4 (7 4E

BE T e ayarm |5

FHREF

B

S * 3 10 8 wE TR
X st y P8 |5

B 5 fE A R T3 10 10 wE R
X b y s |5
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P E R I g s F2 AR M FOR 0 S & T
I 2 RP 7 ¥ F R Faod 150

2. FFBH G L2 IE P 4odk 1610 o

3. # MFDAPI ¥ 2 B4 Rotsg p 4o 1710 -

4. BT 2 B e R EIE P dodk 18 o

5. P AT Y BREIED 2 AR 40E 199

6. SR FRFHEE £F FR S A A WHAKL S ok 1107

T BApY FRAER S ER A R SCE 100 A M2 P

PR hed 1211 7 6

B R Fol R R e R 1-120 .

8. &

E

9. BB 2 ¥ B e FoorL R L8 (cfu/g & mL)4r# 1-130 .
103 R # £ (1998)% = R B & chpie 2 4 T8 2 (cfu & mL)4# 1-140
11.p & 22 #0a ¥ mehpcd 528 (cfu & mL)4r % 1-150 o

12. & 853 Bi% chig ¥ Bde 4 1-1610
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215 ERAPT X ERSR
B Fe #E (kGy) | B
I pE 10 Decontamination(#% 5. /= )
e 10 Decontamination(#% 5. /= )
b £ % 10 Decontamination(# &% [#])
PR 15 Decontamination(# &% j#])
%z 10 Decontamination(#% 5. = )
v 10 Decontamination(# . 7% [#])
* 10 Decontamination(# & 7% [#])
&1 10 Decontamination(# & = ?‘])
Lo B 10 Decontamination(#% £ /= )
W 15 Decontamination(# & /= )
o 10 Decontamination(#% £ /= )
= Hgrm |10 Decontamination(#% f./# 7))
kW 10 Decontamination(#% 5. /= )
3 2 4.5 Decontamination(#% 5. /= )
im 30 Decontamination(# £ /= 7))
G Brpe £ 10 Decontamination(# £ /= )
P 7 A G pg b2 AR
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% 1-6 2 RBEH G EEEIAF

& S fE A PR SE P i AR
B3 EE & Hed $org s 30kGy
CREFARS
TFZARFPHFER | FE I % 44kGy
SR AR EE R R | Ml g i 10 kGy
AR e ",’TT A 1 kGy
3T S 5 8 & £ & 2 3| 1kGy
Hy
gr £ H R A 3 kGy
S (2 F o~ EFE o AR e R | 4.5 kGy (2 #)
) # 7kGy (¢ i)
B BHFLA 1 kGy (& ** 0.3 kGy)
ATHE B e 1PN 3 kGy
#7 S BHR R A 8 kGy
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% 1-7 2 B FDA 57 2_ & 4= BB 6438

10.

11.

12.

Antibiotics

Botanicals

Chloretetracycline ophthalmic ointment
Eye drops

Eye ointments

Injectables

Pigments

Steroids

Sutilains ointment USP

Talc

Tetracycline ophthalmic ointment 1%

Veterinary products

1%

30



% 1-8 BT L B RSP

BT 2 B e R S IE D L
1. Atropine sulphate eye ointment 6% ey
2. Chloramphenicol eye ointment iy
3. Chloramphenicol ear ointment # R
4. Chloramphenicol ointment 1% R
5. Chloramphenicol burn dressing =R
6. Chlortetracycline eye ointment 1% oy
7. Contact lens saline aerosol ;Y
8. Corticosteroid ophthalmic ointment Debrisan = R
9. Neomycin ophthalmic ointment # R
10. Sulphacetamide sodium eye ointment 6% FR
11. Tetracycline eye ointment 1% =R
12. Tetracycline ophthalmic oily suspension 1% ey
13. Tetracycline powder for i.m. injection H
14. Tetracycline powder for i.v. injection R
15. Tetracycline topical ointment 3% e
16. Veterinary products
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219 WPy d ERHED 2 HE

PG RS F P ek S ST R B 0T A

4T

v E R D 6KkGy o

& - 3 kGy

& 3 kGy

LHEEREH SAL 198/

1 A : 5 kGy

TE ¥4 x % s EEr R
% 43 Plp B A e | EF 7R
P 5o ¥ AR iz BEY | FiEF
N hw R | BERR 3 P i< T e S
Vo E 8 ol 3 % 1 B &+ N
RS it A B 4 & A ¥ % A%
v N il T A + F =R rEX
5 OEf g o] B O S e =
B LR 33 N iz R~ | =-

g & i = s LM SEpg | mi
73 o i % & #E5F R |LER
o5 = 7w £ B I W L 3 L L 2
g 7ot o F 1L L Ltk
s "y 2R £87- |~ 3 %é
2% ik HigE ol IR FAY
A A 17 B FEF | TERW | EEFE
AR = BT e ¥ &+ % 1%
B 4 * ¥ 5 %3 FEPES S
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2110 SR FRHER A0 FR S A2 2 WA

et B AR 4o

Hed FrUE AR
+ %4t 7 (Escherichia coli) 10° (cfu /g)

75 X 4% 7 (Salmonella species) |% ¥4
PR SR 10" (cfu/g)

( Total viable aerobic count )
A S K A 10 (cfu /g)
( Yeast & Mould )

2 1-11 SR fe? ER AT R K¢ BRGUA ek T F40E 10 B A5

z 2 g

=k

FE e |2 R

bevk BT RS EL S HE
FRFEE ST EA EFL
B Rt HEE ) F AR R

—;—\ 1 g‘:nﬁ/ﬁu—g

B4 FEk (10°cfu/g

~HEE [P TR
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+ 24 ~1 5 R b
% 1-12 & E“‘]%g‘ S =

o

e

L

WE BA P =
1.0x10" cfu /g
2 F=10"cfu/g

Zéj
s
|

W3 A =
1.0x10° cfu /g
Z A=10cfu/g

2

g N
BB
SIR
3

h
Qe
=K
il
N
o

5

B B =
1.0x10° cfu /g
2 F=10"cfu/g

.
N
S
R

=
-
s

Wy kA =
1.0x10" cfu /g
2 F=10"cfu/g

WHO

S
ERE -
s
N

W P =
1.0x107 cfu /g
E = 10* cfu /g

NP
B OSE
AHOTR
3

Wi Pl =
1.0x10° cfu /g
2 F=10"cfu/g

-
Py
3

Wi A =
1.0x107 cfu /g
2 F=10"cfu/g

3
Py
A

RNy T
1.0x10° cfu /g
EH=10cfu/g
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F 1-13 M FL 2 X EHeA FIE R (cfu/g & mL)

e Fe - 3 Z %

WHO M EL | WHO B L
T S 10’ 10’ 10° 10°
w AR 7 | 100 10° 10° 10°
LB B 10° 10° 10 7 B
2w | 100 10 10
7 AR 7 ¥ F 15 F1F

s T g m e A R IR, TS g R b R RJIE D

&
% 1-14 wREy (1998)% v PR WA G2 3 * L -5 (cfu & mL)
v RS ErE(e | <% E0e | H P F00g [ %5 Ff
2 ImL) & ImL) £ 10mL) | E WA B
FF CEERER 107
AL - gAsET 10°
PR -
4 4o dE T PRI 10° -
i
R G IRERCR 10° B
e
1§ (FEA) 10° ~
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2 1-15 p & B8 $430 0 B 24 H LR (cfw/& mL)

] | i EE | BB | SPR RS | BRE
oo\ A | A

EoRFE 10° 5x10 _ _

FUaE 10° 5%10 _ B
SRSPTE S 10° 10° _ _ _
HRaE b 10° 10 B _ _ _
e 10° 10 B _ _ _
% P A% 10° 5%10 o _ _

T A B

Frle R+ 2 R PR TE A SPRE GE AT R
FERGE - FRZ AE® wAAEn ML P g L -GMP ¢ #Jg

F kRS T E SRR 2 AL ERRY ERHR Y 2 ¥ el

R d B gAML TEEY BB SR BE - L ESR
AP X e G hERE - BRFENCR R AR

&

=
(\s,

picd

«74.
C

SRS DD AR P RLE LR PR o B

YR EZ B AR SR - S0 RAERERBRAN Y FOS T ERR A

iR - 2 R FRRFAAMY TERE ST SO R /Y T Ea
Floe T eng fdp g %27 0 23 5 ¢ T BT R R TR SR RS AT A




LR FE R BAcd 116 77 0 d T AT 7 IR SR 2

ETTRS
=
=

301-16 &85 it g ¥ B4

REAR R BHAR [FFARSA [k A [2FRAR
5 %
A4 FE 2 £ A A
ERER g & i i z
7 & RO # # - 7
e F: K& kEs | m 2
TR & L } 7
R # % # £
AL AR & Hte & REK% | & F K%
F F 4t

A0 M CCo-y b MG SR FE H 6 R FD E VR o o B A Y
Fgogos i w55 > PCoyig 5410 kGy 4R B 2 A vRE F 6
B2 BERF TR MR REAEAY P Ao RRS S 2RSS H

ZoekBE DAY OfE2 B TR FARIL 0 “Co-yR AU RS B i T




FRE TR F S F R RS AUV R R FE S A

~.

N~ A 60 L — 2y e 5 A a2 2~ g7 . SV - e
Rz & Coyd i stin Firk 3 R AL AR R > il AR

GERF Sk PR CE S iR

)
ke
ﬂm
N
A-
~A\.\
C \
(ﬂ}
P
P3¢
5
E
EN
W
¢
e
E\Y

BLETRY ERRTE 4 AR EC R R e .

T B O A EOCoy s AU S 7 6

A20+ % 50 & Rou ko FE (T & B PCo-y SHAREE SR FiEk

DG B E (AR LR A Aok d A R o dp B RS 5 B O
4

PEBRETR B BEHZ AFAMEFT T RS FF RS L v

S
3
e
P
R
w
N
k
g
\
=R
&
oo
_:!5
gl
(4
b
A
(w
Sk
ﬁ N
L
Ry
Ellt
-
o
=
&
| i3
J %
™

g sk > M A s S g,
MpAELER e B FH L FHREAFTLER 0 E8HE 10 kGy
20 kGy ~ 30 kGy > & #4p 1%+ (> {7 HPLC 4147 > F 5% % %87 * AL ¥

BESGRCAMT I B AT HESPRE PR FERE
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HEH AR

BREREGER A8 MY FHEHRAHE > FRERET 0 LR

2 B R MR LT R 5/ 27.5kGy B F 0 H ¥ 20 kGy w2 > 1%

.

FFE3% it 16kGy > * L& % 14kGy > e ~# g~ g =~ £+
FAL1I2KGyr iz~ A S B B N F 0 F T 28 3% 10kGy 0
LESCBHA LB AAT S FPE B0 E S A
PAORE AR LEG @ 2HE8KkGy v B oF & EA Tk
FOFFECHEA 9 R LF R SRR BR R LS
HFO6KkGy: * % 4kGy > 3 > FHEEH - » L2 ke kv fergira kg
AR T o BESER R CFFR AT E SR gy,

# %+ HPLC 2 Bl 2% L 4 & 10kGy # £ g &t 5o {5 > H 3 2=
gy Eam e’

WA EF CCo-y b ML A 4 ¥ % £ S4B SR BT 15 > F R
Atk n A g sz £ AL %7

7 # ¥ 11 1.5kGy ~ 6kGy 7 I | B 5 §F ~ B S8 175 R A ip
SPRE TR s fec B L E H S Y PR AR - K B S G HF
W R R B o B X E LK KITRY o PR iR G AR
b e BE o P I PR S H B S A B BT

S4Bt E * 4kGy ~ 6kGy ~ 10 kGy “Co-yssa s g ~ 2 & ~ g -
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FRAERHE R EETEEAY

wht
>
b
=
o
EL
—
-
peX
3
&=
£
B

B KRR BEAPEHBHEEH S FARE A TE  REGES
SEHE e A B o Y A S F R F 5 B R Y § T E4KGy
S ERE > 2L R FEETE 6 KGydg T RE U ZAET X

PR R S A R (o ER 2010 i EER )0 107g)

W

10 kGymi&ﬁ@ éﬂ\ ‘,{g{)%/( pﬁm i% }‘J’iﬁ,-&"l’ﬁ@ E/TEIJ ;g ‘::\' /ln\ m /E'J
T AT 0 510 kGyenidg SRR SH1s o 108 % ¢ o u,f BUA ¢ i A g G
M (52%) o HAROFEEAF P ook g B A KT H o 2 5iE4 ~ 6kGy

15 5 PR B 15 ep L P R 2L F 41T 0 P 4 KGy ~ 6 KGy# R T 4 B

r

A gA g 20

MIBPL M0~ 1~2-3~4-~6~8~10KkGy 8B e & » 4%

\\\?{r

AR
HBHE R BRI R ET Ok 0 BEET 0 2kGy L b EHE TV e
PR 2A T o el ke AL LRI R G4kGy o REET
5 0w enfg SR A HE 5 2-3KGy 0 @ AR 5 4-8kGy ™

N
+

A % 55 R S £ 8 kGyfr10 KGyP# » fw F#c<10 ~ i A #c<10~ ~ % % 7 ~
D A AR o 2 BAR AR AT FRE Aok iEg AR Z
BTG R0 RN L R FE ol R 5 5 4kGy ~ 6kGy ~ 8 kGy

£ d R 2 BAIE N A A0 KGypF IR B AT
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B 4R Skt 85 SRR 5HR ) 26 kGy -8 kGy T ae i TR Ft R 0 @

pY
<9

BWEABGE - HEFR ISR ORI LEO
Z2EPELBT1I 23 4-5KGYRIEH=F FY 2T REFHHRE

SRR RS S A AP RS SR

H B 42 kGyhBstT™ TF E T F & fo* 1-3-5-7-9kGy#H| B “Co-y
HAHSBAFELGTRRRF > § BHII3 kGyPF v £ 1@ Fp & &
mAFS 7§~ 2ERERA RIS SokiadEI s Rz s £35

RN (L (8283)
2. ¢ & FOCoybt sl Faw ]

B E RIS B A HAE o TR RN ¢ ¥ A
SR AR R4 kGyhe R 0 AP EF R 3 %2
kGy=x 2 » = vk ¥ § 1 Bl 5 10 kGy ™% ¢

IFETHEFT R R HRMR FArck =R 0 4 5% 245610 kGy
“Co-yif i Al mFREY D7 HE SR T 0 4 kGyihig SRR

TR FRE Y SwE s KA RER P L BRI AR o g S

[
T
-5}
o
s
E«} g
g;
EiS
[uxs
i
%m
]
‘Iﬂ"‘\

Ao A KGyrd b A i bR s Y s

G SR AEEE > F L e ERE A AL S TS o e 3 ATHR A R FIEUK > 3 4
Jg;i't 4 E s g - = (84)
LI Fred] o WRA LA RT 0 iR B
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ELE BT FRARE R R R A A12.5 kGy#l £ ¢ CCo-yit

=

MM T LR F eI A LF L F R ap e r®o

14 % 2 8.0kGy | B PCo-y st ¥ F = B i TR S5 T T
s EF‘] 3% > * HPLCZ Pl 2 i 32 03 £ » §5 8RR E A 16kGy L A, o
BEDTEHCREFBLLIR ) F IR EH T E20kGyE, L BE 7 £
i fpot, §REFH LR OO

ZEPEEHPHFNE (FF L 64 kGy ~ 6 kGy ~ 8 kGy ~ 10

kGy ~ 12kGy 5% % I A £ ) 7 'Co-yif 515 5 F& o1 > ¥ ] 6 kGy 2 4 4

‘%ﬁ

v B LR o fpRAE 12 kGy ™ 55 PR S 15 1B S BEH D
3 %9 %026 KGyfg bR 543} & (S T H2E 2 N 2 FPEF hm e f
B RS HE AR SR REY T EARIBEE R
J—rnkm;‘i\%%og‘_ﬁ,&,j‘ﬁ@&r]‘}“fﬁmsﬂi ﬁ%ﬁgﬁﬁ&g%gf&ﬂoé 1§Lpﬂ’f‘—"
fn F O R % .fsm*p;]";*rs &10%g ™M ; i%(”pf]‘ﬁﬁfl‘ #10Ygoe B LR T £ T

2 (88) |

LFH2E LN ol e
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I P XEEHREY et e Erl
Rloh RS L 2 A M Y HiT 4

ERHGHBSIE Y FFE 3G > A &d A3 R EF B - LR
WME T 4o MFDA AR E = > 41980 # ¢ FDA % 3 £33+ 4 42 B
MEREFEZM2ZFE Ao d PR PR RBHZZHSY 5o doa
§ TFEE 1999 & 8 23 p - B g kT FDA B R RS E 2
L e ;%-

BRHEZE G X 2L AER DY RIFE o P K FDA %
9P T s H E L 30kGy o d FDA % > % P b7 4o 30 kGy
BTG ¥ MR ERITE R R R 3 A G o 818 S FB
ITE 10 44kGy » 7 A % B FDA ¥ & 5P+ % > e Fo 1980 £ IAEA -
WHO %2 FAO $ 8 =% % 10kGy PRS2 % 20 2 2 Z mp3pT® &% » %
P37 210 kGy th F12 F] % 35 10 kGy PREFHTR 7 59 - &2 0 B ch

2HETH 1997 ESXB-Z ek AP SEREAAE PG X 2T

o VX SPRY o Y XS RehFn P FEIEP - %%—Kﬁﬁﬂ
GRATCEARLTVEP ARG F S RN ELFEGH ) P G Y
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BRET RS - F 7 jF o
BIpRG EFRA D I SV PG AR -2
GMP" Z 5 b pL g ¢ 2> 7 f RS > FE FHEN P w2 LR
AR AR - HEZ AL FHEIE BN FIPTE A
Rpdkass? BEAR > FIMAPEFLEL  FREBASRFLLE o
ot Rt BRARE 5 0 b5 LA B MM R RRMY > T X2

FhERe £ FHEFALASRBMAF L3 A4 > 3 R ER
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Sl V¥ O

F- 8 PR EHRFEHHELT R
-~ FERHPERE
(=) F sk

15 50 PR o 2 10 REHED SH8 R BEvF M1 RE F5 2 ]
P GMP ¥ E@dt i o R HE & Y (4cBl 1-3) 2 ¥6 T2 o 4@
Bip? T odE ded Ly ROP R B D A RERE
SRR R R SR E AR d s o H L T #TR E & TR

FRE sy T ECUE O o L E PR L AR Ar R 90%

B 1-3 ®Pg 5 EH2 4%
(=)~ HH &R E 5 508 & R 0
BERAHNFESE RS PR B o ez = F A2 £5-60

O, gt m A B 5 2468~ 10 kGy © 15 53 £ i8]

}u—:ﬂ-

7%

SN
T ERBL 37 AR i A £ 2 (Frick’s dosimeter)ig (7 o 2 & (> & 3£ 0.001 M

FeSO4 > 0.001 M NaCl 2 z 4 fcZ # 2 0.8 N Fifa-Ria ik o Flig &fa 2 7 #
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® 4B (Fe™)F 1 24843 (Fe™™) > 11 304 nm & 224 nm £ 33 5 ) £ 3+
B AT PR RPIE L o 2t NSRBI EZ R E FRIR S O EL R
(1-2%) o ® %12 0.01 M 2. CuSOs v » Frfit Tr48A 7% P > Flep s il jp (F

¥ )é\. ) %g /ﬂ %3‘ y V13 r)’x{l #P:]i‘g = 105Gy(92)

(=)~ SRt

F- PR ARSI EFRET S OPH RGBT

L

EF S AR R
15g B30 sy » MRS~ FECFRF PFHITEE Y w4
60 PRETR A Bl 7 24568 10 kGy P& (# € & 5 2 kGy/h »t
FRYRH)BRHERGEE (25£3C)F- Pp fHR&EEIE
Hrbtih e TREAE 2 REFE L o REEE 2w 10 # o R R &
AP 2 R SHHAESFIZI o REET FRMFF PR L F
3|41 % 2. PR 5+A £ (2 kGy ~ 4 kGy ~ 6 kGy ~ 8 kGy ~ 10 kGy) = P& 5+15

LR TR LY SRR S I

| 4

(D)~ B E Az piph s trr 2 il

1 ~ PCA T & $2 % #(plate count agar PCA ; Difico. Co.)z. # # :
B~PCA # % 235g4c » = 57 » 10§ FAE RIS » 8 4 ~
SRR A2 MAE S 1L B0 3RS E Y S F(121°C ~ 15 A 48) -

48



FHER' L 50-60CH > »%E»2 L 9%m2zZ g FAr? &k
10-15mL » /4 #rigf * o

2 ~ PDA T & 32 % #k (potato dextrose agar ; Difico. Co.)2. &

Bx PDA 45 % 39g A Gl4r » = & 3LY o 110 B FAKIEIISS o B 4
NEAKE B MR S 1L BB RS FY R F21C ~ 15 A
&) FHEAR I 50-60CH > A8~ /E9cmzZ BFR Fr ¢
Eox g 10-15mL 0 L4 .

3 ~ VRBGA T & 1= % i (violet red bile glucose agar ; Difico. Co.) 2. # #
P 4158 VRBGA # % 4c » = £ 357 » 145 £ KA kIR0 > BT 4
NEAKR B ZMH S L NB RIS B E » HAEGRiE Y
BARETAEY B RS BP0 PR 2 ALE 2 4450 # VRBGA
BRI DBBEEERD FHERET 50-60CH > ~%F ~ 2/ 9 cm

L EFRAr Y > Fr 9 10-15mL o A ErE Y o
4~ AL e 2. % 1 P~ 4.54 g KH,PO, » 5.43 g Na,HPO, - 2H,0 L3 »t

IR Y S LRI IL(pH E5 72) e »BEFFEES > B R

RELY AKX ML EE R IR R F B RAR

WAL AR E RS F Y OmML RS TR IR E A Y R

kA EE T o @ BT v g o
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(Z) ~ M2 2 R 2

% w T 4 3+ #c 2 (surface plate count)
PAEARHERME RS EREIEEE P 2 15g g Far e
ST ML) 0 L 4~ BAFL S R S0mL

2 Z RAELPN (R ET R
’]%‘*’{r":l?/!ﬂ{-‘;‘['p%/g_—r ‘;‘ifﬁrr‘é

F 'Y (751pm -~ 7C)3R T 60 » 48

P A UBE RS S -
1022 kR 18 & 4k

Be b itk 2 BERLE e R HE 5 107 107

0.1mL ** PCA ~ PDA 2 VRBGA T & 33 % & F o % PCA ~ PDA % 3zt 25
 FiE R E v 25T A

CTEAE#HY 24 s N8t £ fRp-2

47 p 3t s R 2
At

7% o@ VRBGA 1 37CH A A -

5 - PlRER BT

PCA T & 32 % & * 2| 2% § 7 (CNS10890)*

M

PDA T 6 32 % & % *+ip 4 #(CNS12925)

VRBGA T & 35 % & % *0p| 285 P

T
e
s
W3
Pl

In

{

z!sz\:‘ J\F\"mﬁf]\ E

3

Nz ERABRBE R E 5T
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Butylate hydroxyltoluene (BHT), glutathione reduced form (GSH),
potassium peroxodisulfate (K,S;0g), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Tris (hydroxylmethyl) aminomethane, potassium ferricyanide (K;Fe(CN)y),
trichloroacetic acid (TCA), ferric chloride (FeCls), catechin, aluminum chloride
hexahydrate (AICl;-6H,0), rutin, 2,2’-azinobis-(3-ethylbenzothiazoline)-6-
sulphonic acid (ABTS), sodium bicarbonate (Na,COs), p-dimethyl-

aminocinnamaldehyde (DMACA), a-tocopherol ¢ P& p Sigma Chemical Co. (St.
Louis, MO, USA) - Folin-Ciocalteu solution % 95% ethanol R|pEp Merck Co.

(Santa Ana, CA, USA) o

- FERRE
1. BRIk %51 (Rotavapor R200 Series, Buchi)
2. %4 i 5z (FreeZone 6, Labconco)
3. 3. ¥ (HermLe Z300)
4. %% 4. % » ¥7 &% (VERSAmax microplate reader, Molecular Devices)
5. ¥ & * T (TB-214, Denver instrument)
6. 2 5 K ® 2 #% (Milli-Q, Millipore)

7. padk @R T3+ (Microcomputer pH/mV/TEMP meter 6171)
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8. {58 ks ¥ (Zeta ZC-4000, KS)
9. 2”& ® (Vortex-genie 2, Scientific industries)

10. Pipetment (Tipor-V, Orange scientific)

11. 96+ ELISA#c & % (Greiner bio-one)

12. Pipet tips (Extra gene)

) w&EF2 UG

Mbp g3 P BRC P2 PR LY B4 i EF R P R
B¢ 4wl BBt 510~ 15 kGy f5 543 £ » 22 A otz ¢ F G ais &
FEp- 10 25 izie > 30mL P pR Y o A AR S BZ =0 & B ik kg
Pl§c > A KRR AP 100mg 2 P FEEF D 10mL > iR G

P RRERZE SRR

(= ) S B 16 2 f R g
1. Trolox § & snithdes it it * B 2 (Trolox equivalent antioxidant capacity,
TEAC)
ABTS 11 2 35 K3 3 = kR 7mM> 4 » 2.45 mM 2. potassium

peroxodisulfate o #-pL AR FE T ENH T F R 16 o R H A S



EX2 ¥ ABTS' » g d fho ARISE e FRAFfRR oAk kR
734nm T > HekiE i 0.75+£0.05 HhABTS ¢ 3233 0% o e 3 I

JE B ehtrolox 2 pL »t 20 ul ¢ fgA R ® o LR & 180 uLABTS  « 33

e

A - Adapd AkkAE 734 nm TRHE Sk E > A trolox
2 Bt~ THSG R &2 e (2 iR = & -k) KRRk o
BlHE 5L d trolox thik ¥ R E HAp g ik B (mM)™ o TEAC & %

7 1000 ppm 4% 5-48 % trolox &3 e Fif 1t 4 2 k& E(mM) o

2.DPPH f o i 2l

06 H ek T AP 4r » 20l 7 Ok R GRSkt & ~ THSG 1 4% &
2080 I ¥FPe 2 (GSH ~ BHT) > zZ_ ¢ & 4 » 80 pL &7 100 mM Tris-HCl
buffer ( pH 7.4) » % il i 4 » 100 uL DPPH & #8332 5% (500 uM) » i B 15 48
AL 200 pLe3ag R AU 2R TS 30 Ak 2 (A kKR

> & 517 nm T o RIA ki o F DPPH pod AL RAS S0 Hex
kiE g TS ol Ap¥ T 8 HR B KRBT F R A 0 F A ET
(iéé.%%ir%,%“f DPPH p d ghav 4 2533 » " F & 7&K ESEL w4 2
55 3309 o Fog 4 AN e

{ 1- (ABS sample /ABS control)] x100%

53



3. B R4 Rl E

B~ 200 pL :F % k& % 5 > THSG &2 502 % (12 % & B 90 BHT
AR ¥R ) 0 4~ 200 uL 200 mM B i (pH 6.6) 2 1 mL 1%
7 . ® (potassium ferricyanide)  2_ {63 50°C Kis & & 20 ~ 45 » Fik L 4r
s » 4v > 1 mL 10% trichloroacetic acid %% (2 95% ¢ @ &%) - ** 6000
rpm Zgs 10 & 48P~ b i 100 ul 4e » 100 pL 745 -k 2 20 pL 0.1% ferric
chloride (FeCl; « H,O)iz %R £353 (& > %3 10 4 48 > P T_700 nm 2% &

B RAgR A 2N e

—\\

B o PRk i @r’g s B % 5

ABS sample ABS control (A700nm)

(Z) BHFF 24 222 T !
i % Bs 5 (polyphenols) 7 & P Z_
™ catechin % &% 5. A E & o B~ 20 uL #5307 0 4o~ 200 uL
2_FAg-k R E¥E3 > £ 4o~ 40 L s Folin-Ciocalteu #&| > 3 % 5 4 45 >
F4v 40 uL 2. 209688 f4 4 (sodium carbonate)i% /% > £ 14 680 nm P H ek

EraEa im0 8 5 pdE s £ 14 ug catechin equivalent/mg dry

weight # 7+ o
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2.5 58 & fr (flavonoids) 7 & B Z_
vorutin HEE R AR E R B 100 uL R 5% 0% 0 4~ 100 pL 2%
2. AICl; « 6H,0 P fia % » R &393 » % 10 45 0 £ 14 430 nm p|H =

kE Tty REE G E ) o 4 w2 it 7 £ 4 pg rutin equivalent/mg dry

weight # 7+ o

& Br f% (flavonols) 7 & B =_
v/ catechin % &3 5.0 A & £ MeB-40 pL 1 573 7% 4 » 200 uL 0.1%
Z_ p-dimethylaminocinnamaldehyde (DMACA)z % » R £323 » # % 10 »
40 F 21640 nmplE kP ERFma s 2 mE s £ g

catechin equivalent/mg dry weight # 7+ o
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FZE B HAT RHERET SRS SRR

- T ERHPEERE

(- ) HPLC ;%™ 2 %4 : fhp § 227 ¢ Fier § -

(=) HFE LC%7 i~ LC % % ~d.d. water °

(=)~ HPLC # % % @ 2.3,5,4'-Tetrahydroxystilbene-2-O-f-D-glucoside

(THSG)ME-p @ R &2 5 W te 7 -

(2)~ &KE: Frrpk 47k © WATERS™ 2695 Separation Module with
autosampler 717 » 1 ;7| % : WATERS™ 996 Photodiode Array
Detector > # 4 i% : WATERS™ 996 Photodiode Array Computer

Integrater o

S F B

() - HpFRI P HELErF2Rp LY EH O NFEXFRIPE
P B P SR (T A B SR SR A fR SR 4 B 5 5 kGy ~ 10 kGy %
15 kGy
(Z)~ F AR e 5 SFAPR ST 15 2 dg Hh A 8 1 R
LARH 5 % 3

P4t PR & THSG R385 10 mg » #Frefl< > 4 ¥ 33 %% = 10 mL

(Img/ml) » 5 45 pm o i@ ts » & TR SR % 3%

24 E MR
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P~ THSG HH¥ &55 % B3R~ 7 FRE > RE S 6 ffiv &
EETER > FHREM -
3.4 &iB R

564 € A % 5 SkGy 10kGy 2 15kGy P g & BH Gk 518 & =

Po10 2 5%t 30 mL " Y o AR kR B2 S & R kA

g FA IR BRI 100mg 2 T fEEF T 10mL o
4.7 %

& +7 ¢ 4L © Waters XTerra RP18 column (Spum, 4.6mmx250mm)
Foadp ik e (25075)

B4 & 320nm

ik 1 0.6 ml/min

FFRF D30 A48
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PEEEMFAL G UERE MG RIFNT AT 0 Bif PR S|

£5KGy ~ 10KGy ~ 15 kGyi# Ffs » H g d 2§ /A ehee s o

| 7T O O O P PO O O e o BT
akﬁwf B 545 kGy B 10 kGy 7 5415 kGy
DIFEEE TS IR F R ST

LRI R KRR E § ¢ #4 F0kGy 2kGy> 4kGy: 6kGy: 8
kGy =10 kGyig +i¢ j# 16 = 14 spread plate method B e 2 4~ 2 Flici
ek 1-17 + fdrF 6 ¢ EFHorip 2 B F#E 450 x 10'5)2.9 x 10°
cfu/g > E Ffri#k F 1372.5x 10'4r6.2 x 10% cfu/g © & Az 28BN E R
W R E 5T BEHE- 3 S TSP E FE51.0x10 cfuge 2 B
ikt 7d0 g § Bt o (52 kGyif b R 5 1S i I N R E ek o
R 5t4 kGyts Ao Fc® P A M > 46 kGyihig TR 515 A TrE 7

Tx 2id ] FECEF SR E e A R0 0 8 KGy BT i Bl
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% 1-17 5 & 45 5= 5 1l 2 ik

Sample Irradiation dose (kGy)
No. 0 2 4 6 8
1 T (1.2 +0.4)x10° (1.3+0.4)x10° (5.0+0.6)x10" ND° ND
M® (6.2 +0.7)x10* (4.0+0.6)x10" (2.0+0.3)x10" ND ND
E/Pa’ ND ND ND ND ND
2 T (2.1+0.3)x10* (2.0+0.4)x10" (2.0+0.5)x10" ND ND
M (1.7 +0.4)x10*> ND ND ND ND
E/Pa ND ND ND ND ND
30T (5.1+0.9) x10* (7.0 + 1.4)x10' ND ND ND
M (1.3+0.3)x10* (2.0+0.4)x10" (1.0+0.2)x10" ND ND
E/Pa ND ND ND ND ND
4 T (2.9+0.3)x10° (3.5+0.5)x10* (6.9+1.1)x10" ND ND
M (4.5+04)x10" (1.9+0.3)x10" (1.0+0.2)x10" ND ND
E/Pa ND ND ND ND ND
5 T 6.5+ 1.2)x10" (4.0 +0.7)x10" (2.5+0.3)x10' ND ND
M (5.0+0.8)x10" (2.5+£0.2)x10" (1.5+0.3)x10' ND ND
E/Pa ND ND ND ND ND
6 T (3.0 +£0.4)x10* (7.5+0.5)x10" (1.5+0.2)x10' ND ND
M (5.0+£0.9)x10" (1.5+0.4)x10" ND ND ND
E/Pa (1.0 +0.4)x10" ND ND ND ND
7 T (5.0 +0.5)x10' ND ND ND ND
M (2.5+0.4)x10" (1.5+0.2)x10" (1.0+0.2)x10" ND ND
E/Pa ND ND ND ND ND
8 T (1.5+0.3)x10* (5.0+0.5)x10' ND ND ND
M (5.0+ 1.3)x10" (2.0£0.3)x10' ND ND ND
E/Pa ND ND ND ND ND
9 T (5.0+£0.7)x10" (3.0+0.4)x10" (2.0+0.3)x10' ND ND
M (5.0+0.3)x10" (2.0+0.3)x10' ND ND ND
E/Pa ND ND ND ND ND
10 T (2.6 +0.4)x10* (5.0+0.6)x10" (3.0+0.3)x10" (2.0+0.2)x10' ND
M (5.0+0.5)x10" (2.0+0.3)x10' ND ND ND
E/Pa ND ND ND ND ND

*T: Total aerobic microbes; ®ND: No microbe detected on plates; “ M: Molds;

d .
E: Enterobacteriaceae >
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- S FF CEREE

(- ) Trolox § & #hit4i i i 4 ;g T(TEAC) :

‘R LRI Fh- AR AT p ok ABTS' - RiFT
Fif b2 4mng tag 4 o pd AABTS « R E%d > ¥ 4 734nm ik £ T A
BofT o BT > TR BB 734 nm A E Tk @il ki Ad A
ABTS" » A *f cnfe b o % R EAR M A R RS ABTS « pd fhiv 4 4%
55 o @ trolox & — Kiaten? 3 Effing o ¢ &l 4 spongng v 4 (9o
~F 56%%%@ trolox e & 4> ¥ B4k F2 sk E i B 4§ trolox Jk B (mM)
ey L ae 4 0 02 TEAC (trolox equivalent antioxidant capacity) & % 7t °
7 TEAC & § % % 7 5% ABTS » p d £ 4 45353 - TEAC &AL & 5 1,000

ppm 5 &40 F trolox H A R FiE (L4 2 B R BE(UM) o B % 4cd 1-18 -

TEAC &d & @ ik B 5 5kGy(63.62 +0.84)> 10 kGy(59.77 + 1.03) >

15 kGy(55.92 + 0.80) > 0 kGy(52.08 = 0.79)
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# 1-18 4c B f &3 & ¥+ TEAC - &

Samples and positive control TEAC (M Trolox/mg + SD) *
0 kGy 52.08 +£0.79

5 kGy 63.62 +0.84

10 kGy 59.77+£1.03

15 kGy 55.92 +£0.80

THSG 1-871.53+15.38

BHT 1 869.41 +34.63

GSH 1> 827.68+76.84

* All values are expressed as mean + S.D. of triplicate tests (n = 3). Values represented mean
+ S.D. of three parallel measurements (p < 0.05) when analyzed by ANOVA

(= )DPPH f d A7 %k :

DPPH 5 - fifp g A8 ehp d o HEAHEF » A517nmpt £ 7 F %

dwkfzk > f DPPH 22 B 4 4 i 4 2 4§ (& F B pF

frt
AT
Qe
Ry
=7
S

FIp 0t 517 nm kR € RO A sk B ARG A 7 4F (AR

G AR 0 L R p ARy 1 AD

=

“fﬂt’zt’\m 4 4xah o HF RSN

4T
DPPH - (violet) + AH — DPPH : H(decolorized) + A -

l@:#ﬁ:"“‘ N 4'*7 1‘]‘ DPPH El d ;}_k/ ﬁ;—a,‘ F 5 O%F‘é*:mﬁirr'zk)%. (“P”Lr’ﬁ
$11Cs ) T % 1-19 7 ICs AR | % 7 7% DPPH fi d fh it 4 485 -
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# 1-19 4c B §5 5+#% £ 4 DPPH p o E_a‘}%"‘,ﬁ% i£% 2_ ICso(ng/mL) & +* $i2

The dosage of gamma radiation ICsp (ug/mL) *

0 kGy 513.04 % 0.01
5kGy 514.28 + 0.01
10 kGy 526.79 + 0.01
15 kGy 546.03 + 0.02
THSG 37.51 +0.31
BHT 41.06 +0.76

* Values represented mean + S.D. of three parallel measurements (P<0.05).

(=) BRA4 BlE:

P Bk A & P g & L I (prussian blues Ku[Fe(CN)gls)eha 2 £ % 4y
% A% & £ B (potassium ferricanide » PFC » K3Fe(CN)g)# & Fe’ » ¥4
582 Fe £ > T-E B R F Fe''§ i B (KiFe(CN)) » 5 ot £ # FeCls #7
BENFSF RS LHF 4 TEELE B FFT 2 700nm gk £ T
RIE kg > Rk EARG A ABRR A ARG o PR F AT
K;3Fe(CN)g + sample — K Fe(CN)g + sample-oxide

K Fe(CN)s +Fe’"  —  Ky[Fe(CN)g];

FHEFRE TR IS5 BN A E S22 BR - KhP] 2 H53 700 nm T

i S T
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B 1-5 4o 5 otHE R R4 2 32% R

A700 nm

0.0 L T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Concentration (mg/ml)
2 BHT and THSG 75 ¥t %2 » Bl® & B#cE ) mean £ SD. & 7 > n=3 > & i%

W A & one-way ANOVA & 47 » B p iE % -] 3% 0.05 -
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NIE SV B LRMVAE SR
BB T BERY > B R IR BRI R REBL
SEAMAT SRR 1220 7 o

2120 B IpaE - LI ERIMBLIEAITESE

Dose of gamma Total polyphenols Total flavonoids Total flavonols
radiation ( gCE/mg)’ ( gRE/mg)° ( g CE/mg)’
0 kGy 27.84 +£0.06 6.99 + 0.02 5.74 +£0.27

5 kGy 2821 +£0.02 7.14 £ 0.04 5.78 £0.06

10 kGy 27.77 £ 0.01 7.01 £0.03 5.79 £ 0.03

15 kGy 26.82 +0.01 5.12+0.02" 5.71 £0.07

*Values represented mean =+ S.D. of three parallel measurements.
®Data expressed in g (+)-catechin equivalent / mg dry weight (g CE/mg).
Data expressed in g rutin equivalent / mg dry weight (g RE/mg).

" values significantly differing from others at 5%
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SE T ATy R A i s > ER I o M2 RiFLRE A > &

BEAR S TR ERE N H 2354 -Tetrahydroxystilbene-2-O-f-D-

o

glucoside (THSG)Z. 7 & o B % F ¥ K B 55 52 &k 5 vC 300 15 5 PR 5115
2 THSG ; #% 1 A EF G E Az B 4M > Z{r 75 %2

#c Scheffe i 2 45 » B2 gp P S FHA R HEHME LT L P @

._4‘3.\;

e

» K PR BF15 5422 R 54 SkGy ~ 10 kGy 2 15 kGy #5543 & 2. & &=

" THSG # £ %1 % BERL B B9 2 15kGy THSG 5 £ 5 & 1< -

Bl 1-6 3 b AR 4 B s st 52 4ok > 2 THSG 2 ¢ B 4% %

3.5
3.0

2.5 +

sksk

2.0 ~

1.5 4

THSG mg/g

1.0 +

0.5 ~

0.0 -
0 kGy 5kGy 10 kGy 15 kGy

Dosages of Gamma Irradiation
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07 a kb 4 F ¢ FHERFEFRE LB (EY TEAC B
REARRE ) A AT SRS A M LR o BiRE MR
Ay v a2 R e PR g EH A SR SKkGy ~ 10kGy - 15
kGy hi: % &7 » RS 5 kGy 7 B4 g v S 2 & % DPPH p o
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B -3 AR A
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A 2 AR E Y %11 > 11 2kGy ~ 4kGy ~ 6kGy ~ 8kGy ~ 10 kGy
5 5 PR St 2 7 0 4531 2 4 SR 0B R 201 £ B R+ 95 kGy ~ 10 kGy
15 kGy 2 15 54 8 3 » 4234 15 538 A& HHLF Lotk 2 4 g o 45 )

T B i g S Ak k) SR £ o

1. f5 8 Fre s
15 5t PR 54 2kGy T RN B o
4 kGy i #r4] & F] % FE* Fehd & o
6kGy AL AT 2 27 F -
8 kGy P8 57 i FIATA R F ek o
2. ¥iF LEHS G
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3.k LA
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Rk E EEEC G TR AR W @RS K ES LR

( Alternative medicine) 1k # > = 5 % XL P T 3y £ 801996 2 1997

&£ w2 s (World Health Organization » WHO) = # My e g
( Guidelines for the Assesment of Herbal Medicines ) | 2 " if § ehig * ¥ & &

| (Guideline for Appropriate Use of Herbal Medicine ) ;> 1 & P chd_ik ¢ R

Rt e S FRF R B4 % 22 Foramm R i

P
=1
ES
Lot
X~
IRy

REHREZPg B QRgcREfNFa24 2 o

0 ? A EEHIL R EERFE RS BT By FA
Ab PR FlEP I it a R EREYHFEL S 2REL
2 40 TPt WHO 2 1998 £~ o # T &% fod Jpl % 477 72 (Quality
Control Methods for Medicinal Plant Materials ) | &7 " & 2.ch A A a2 @ 2 5
Sy ~ &% 48 P Rkl {o#) 4] (Basic Tests for Drugs: Pharmaceutical Substances,
Medicinal Plant Materials and Dosage Forms ) | > & & > 3% %5 AL 4
AN E ERTE AR B C FRApES Y T EDERE > f3T
B s e e fp b2 o £ W S 5 F F F 125 (FDA) 77t 2000

#o% T HELS 3203 % (The Draft of Guidance for Industry
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Botanical Drug Products ) > # {f @ een@ZE® g @ F B 2 B 5 B¢ ¥
ey s gt A0

AR % 1982 £ ot Bk A WS EE (GMP) 10 7 FHEF R
2 kR BRERFIE GMP 2 PESRe » #1991 £ 6 7 27 p 2
2551991 &£ 70 1 pAcd FRAmEL U 3 T RLELUSE
B R ER R D FRIAEAIA 2000 £ 50 2R e K4 R
wA ¥R (SRB) g7 »#4 ¢ A EALPUSFRT £33 0 fi e
P N ER R F R AL R 20008 50 2 p oA g d
% ¢ B GMP i Rfe & KBRS ERST2005E3 7 1 p 4204 & GMP
@i R4 0 37 T & CMC (Chemistry, Manufacture and Control) 4 » 17 3%

AP TERFLLELIY PR FHARGMP P ERc 26 R0

39 ¥ (REE 2] ox 0o 2 F RN

e
|
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1
Ry

CHFEY TEDER BRI EE B TELB BT ARG 0
RANLHIFE RFIFTEFE 0 LG 0% By g i Mo
(RAER F E L I ES IS i N RIS § Xt Ry
FHFC BHBRE R LS EATRE 0 AT B YA A2 e
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FHR ¢ RBE > SRSBIME R IR R EFHE A0 R

LREEM R F A AR R EE RS BHOSBEEA  2
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MABBEEH D) R e i ~ a2 B0 3 P o fic, 8Lp o *

WEFBERE GEF Y 322 - Vod 0Bl cd w2 FITHMIFE 2|3 &

BB HERE L 2T B P ERL RIS R PN
FEFESER S B REOERERER > BREEHFE IS 4 T
FIr AT RE > ek BIF ES] (FA ETBIH - F AP BIE - B o%
RADRATRIGESE ) - RFHFER] (K bk s bk s F R RIS P
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EiE o X E) O REELHFI RFLALTHR ) TLEHT
MO RPN 2 23 NEAREEFFFLL NS FAE S 45
( Guidance for Industry Botanical Drug Products ) % &) 2L % 4> H ffd 2
] F A k% B Bl (4oUV S~ IR~ FT-IR ~ MS) 2 & 4745 R Bl (4

TLC ~ 2D-TLC ~ HPLC ~ GC) 5 & J 2 B8 7 3 g Jope - 1 ife f

ETIRS
An
i
Tk
TE
d},
7
Ny
|k
W
=
fmt.
|
b
)

PELREZ 52 25 D ka5
ESREERF CRREFIFFORE LR AP RELERGRT
o EIsfpnnishy e 25 RAL -

® ¥ % 4 3 #7( Authentication by molecular biology methods) #_i& * &
¥ 24 DNA & + 13 @48 2o 3 #(DNA genetic marker technology): ¥ & # 4 17
S ERE AT ARG G E B A L) B KR R

% F(R &GP AR AR SR ETT R E DR RET

A
-

. &

.“;‘HF

=

bl
GVe 23 E4HE - FRAF DR VT ERFLTR DL o
RITHE BEH 2 AT KPP HEAET] > EF - FERORAFIPERERAE
IRl EE AT > TR AEFIF LR R SN s R
LHEE G EN R ATE R KA D ER D e T B
FERI K% TR T EZARET 2o

178 Bl T 3% % s 3% W 2 (Loop Mediated Isothermal Amplification >
LAMP) "” % Notomi % *+ 2000 # B 3 ch— 84 %]+ PCR a8 7 fe 4§ 3 >
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# o BRFREE AP RAT]Y 06 BAFE R K 484 R 515 (Primer)
Bda iR i T(60 - 65C)FIr - AL F 4 ¥ £ F 1 (Chain displacement
activity)=5 DNA % _& f#(Bst DNA polymerase) > %8 8L 245 > 7 % = %
fa ¥ 3 (Amplification) * & o & 7 7 & & & ¥ #°5% (Template) DNA i& {7 £ ¥
4 (Denaturation) 2 & ¥ fF e/ & i B8] - LAMP & - f4% %« DNA #3# -
B4 E P R 54 50 PCR S R A Y §
ELoF e KIET - AR G 4 PRTE o

AFLEHLEET BERY G Y B BT A T ET LAY
L od WERAETHEHNERESF ALK ED RFEE 0 2 E R EfoR Y

AR NME2EREPPBES S ARA TP REL SEH7 550

|

2 s

FE o HEF KRB Y EY T AT S T EE 8

(o)
NV

0

A

( Taraxacum formosanum Kitamura ) & &Ffed> » ¥ &2 H R %% g 5
(adulterants)i& 7 F_o 1345 Th tadezs 1V T9 B 2 & 8(L 2)-
PRAEEY FHguMP 2 T oA 60 BEHEGE 0 2RED
ERH AR BT aEE T2 R ES AR 0 EF o (Taraxacum
officinale Weber )~ 7 % ¥ (Ixeridium laevigatum (BL.) Sch. )~ & #§ % ( Youngia
japonica L.)~ # 23 (lIxeris chinensis (Thunb.) Nakai) -~ % # ¥ (Emilia
sonchifolia) a4~ » & 2 WV H B 2 ~ 48 $ 35 iy £ 14 - > NCBI GenBank
(National Center for Biotechnology Information ¥ &= # $ $jkerr 7 ¢ o
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AR FHRE) FRESTY T 582 AT § 08 L ERA
FETEHEITEYITS2 B35 4 F 3R K5 - M5l F 5 e » 73 B

%41 2. Genomic DNA » i& (T ke i fi B 72 PCR #53 £ Ji o T 3R %45 )

A

PR TEHD LEHE AR PR S 1TR% > R

FPE > AFTE A B LAMP = 2 0 4 ITS 2 BAIR s Fax D
ML F R LAMP 515 80 JEd LAMP 513 5k Jlbipled o F Pt
B~ R gRRdRk 22 - 327 @Y gAELFFowY E4
R ET FH AT RER S R LA 2t 0 REFR
PR B A RRERWNEL G ARV REEH AR ST E

R e - o ER A EL BRERE ST

4o
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(Axs) DL TFay, srod se Y EREY
WG FERTE T RRE G 0 FER A kY o
(iLa2%) V%= 1TFENE X L H T ok T PR o
(¥ Eefe) VE Ly TFEIY g4 4 o FOTAFAR
Bethoo kAR 2 2 2 ((EF) )

(Fprgcqee For) @ iTFas 5 pgyd Bpaig o 844

(AEFE)DE= TFam . Fol(TF R 7)) kT 5T .
B o - Y B33 o pRE JRPEFSS SRR 04T
A - L

(2 mp) V8- Lo iTFEaw (BAT)o FerFa- o x ot
R oA v e FAF LAY M P HIY o
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(Fxemp  TRFEFS) D TFE (FrlyTad o » L
ARGt E o (2in ) FAF RS AFF > P BF BT ERE AS
FomT AP AIEE

(AE 3% PEe (TFIE R E . F T 54 c *BP - X4
TR R RS HUFF

(efl22) V% TEFEsE s R 2w R e

(FE2F)VE 2 TFaw ™ of T md o VI EL o

(AEEE>F )T FEmagm. - L Tr - g i 4T

(Fgdh) VEzTFF G e E TR hF Lo

B e R o - EABE o - LF TR o
(FEFHGT)PEL -T2 E - L T B RE E Y E o
(B &L A) VL2 TFENE kY > BT g4 o
(FRAF)YCVET (TFEaw  jaad 4ubs o 83 Jrrme
(FERE -2 a) OV Faw (38 5 &0 BFE 0 R iR
(23 ag mol) P :TFaw -S4 »THPL AR
ESEER S E RS SR

(AFggg=) %4 TFEIE o - LHER S TF R o



(5 tF M) T Fm o F R B AT RFE TFOEL o

(FAg>48) @ TFaE, 44 fop Ry i o il 7
E S RIS &

(FEHE) DL TFEIE R TEE o TP RIE RS

HEHBE CfREIA o P o

NER GBS Y o
(v Lp ) GO FFam ((Hp) s~ FNAFHE) -
(2R FERGY) DT FAE unFER T g o

(P EApn )P iTFamw (Bay) (B ) AF(F &2 )

R
<ﬂ%%ﬁ¢-ﬂ%@w>mﬂr%>fﬂ<%@%i>o
(PRFEFH2E P FE) VT E ot GTRAY) R

LEFAK e
(@7 Fwlng) OV TFa o n ¢] Fo¥ - fange
BB G AR R FHES B REF S
(P REHE) D TFEIE (W) FEE S HET PR e
(* W? FEFIGR4) O T 2% Taraxacum mongolicum % 4
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S e

(FABEHRTY FEFRHEM P FF)OVTF28 Gra 27)
= #§ #1447 5 & & Taraxacum mongolicum Hand. Mazz. % # 5 falr fhiE 4~
I AE o

(¢ =AE) (55):|';?:;}:a:j’ (FEBE) (R o) 4208 (F43 ).

(FEAR) AR (LXFRFL) T (B 2FWMT)

E

&)

Bif s RgH (FAT2 ) FEF w57 (nil

94



FoEiHERY I BHFEIR

-« #® (Taraxacum formosanum Kitanlura) # it 2 5 * # 44 ¢ 4%

(12) .

a2 , f;.

Lo w M end A o & (Taraxacum officinale Weber ) ~ | 5§ 7

2

% (Ixeridium laevigatum (BI.) Sch.)~ % #83% & % #83% (Youngia japonica

L)~ =% g s2% (Ixeris chinensis (Thunb.) Nakai) ~ % % % & eh

e

% % % (Emiliasonchifolia) % ; S #F o m 2 d FF s bhi &2 R4

F
NV
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BAVEF M FEFLIFRAEAT ST AR SBFLER R
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REFEEML A RMRARZAR c FEAT A TEE R P T o FA

2o FGiEd gk RN AL 2 FREFIT AP - o

=

REWMHAE Ak o TFFE o fFhu ¢ kA i), 8

PR G Edrk e Bl e 4 > B AR wu? e

(- ) #F 2 f(Taraxacum) £ 44 3 #8°°

fake & %

~

LAF P R E RN 2By PR R E P TR L& BFa®
T. formosanum
LAFR R ERN2Z B EBET PP RS L 2.8 HFE N E

T. officinale
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1. 4 # # 2 ¥ Taraxacum formosanum Kitam. '*®

B S GRS SRR ES T E BT R0 820X 1-4em
iﬁ%fﬁ’ﬁgfﬁ/ i%\'éqﬁ)ﬁ&ﬁjﬁ*ﬁ,iiﬁ%A\%,% o= iﬂj°§?‘ﬁ::§‘ 3545
cm - Ak b d o K fFRA) 0 ok 79 mm -

BRGNS L i AR

B2-1 s s g mt zzir*?iﬁ‘;ffn o g0

, oA

2. @ i 2 # Taraxacum officinale Weber ©
FT A P AL 5 E AT 6-40 X 0.7-5 cm > F 5 @4 53 4 &
Bl Bt gitiet o & 5-50cm B o BF L AT E o BrE o
RAwM R ‘Jiﬁﬁ?f“ R OR Z oo & AL BT B A4 (0-3,000m)

BRF > SHAFL2EFZF A

Taraxsan offingle Weber *

W 2-3 & 2 w4 g W00




|4
ﬂ

SRS EE T EERE SF CIEEF S S8

FREFTEESI2AFMRT R 0 S AR ok BT B K vf

e p ket 8-10 4z > ff = S5+ Bk 811 x4 L & 253
111141 FURROOROOROOVROOROO _re=1 SR Y. 1. 7 % % Ixeridium laevigatum

L ep ke S4B 7T il 57 x5k L& 45
..................................................................................... 2. I. transnokoense
7 i & Ixeridium laevigatum = (Blume) J. H. Pak & Kawano
S EAT A EHRPEA BT E0cme A2 EE T BRI
B4 AT 2R A AR T E kT kA A 5-25(-50) X 0.8-5 cm ;
TAHE 134 H4A5

RGP B2 BRE PR CBREIHFRE -

B2-5 7 ¥ EFAEEY 267 gyEadm®™  E2-7 7§ aEs ot
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(Z) ¥ #8% & (Youngia) ©

-~ EA2RFEAT A E AR ERALZ LS c BT R RS
Ao AR ERER TS E S R EWRAE R AT 0 B 10-20
R RTRA L g B 4 HE -
LA 1T 3 b
Lt %
. EREEBRFEE <> 15cm: 3% & 6-8mm................ subsp. longiflora
. FFEBRPEFE S 1.5cm; &% & 4-6mm e
2. FrHIFEHANH S EEARS P 2mm. . subsp. japonica

2. g A % oihd T FER  >2-25mm & ......... subsp. formosana

1. & #8 3 Youngia japonica (L.) DC.
a. subsp. japonica
S EAT A DHME A L 0 AR B 20-50 cm o TEE G OPF
7a

T E T 100 cme A4 FEAL o FHEAE o TR B o BEIR S

Sk EETEE S 7-8 mm e Aok RS 0 9 1.8 mm & 0 4R ¢ o b
-3 sigk e L0 d 0 F o

A AR BB ¥ RS
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L2 e 4. 1. repens

2. EERA AP Fr gt EES TR 2N R F R Tk

T PRI B A e 5. 1. stolonifera

3. EAGRHE S ERAINe TV BIF e 2. 1. debilis
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4 RN Eed & P AR E P E S E o
4. EAFEAR FSIRFET L RS LIEE.L 3. 1. polycephala
4, A EEAAER R AHPFE 2 RFERE -
5. EAEFABR A EAF L ELEF D, 1. 1. chinensis
5. E2 L A2 IHABRFT P ERTD - R

1. &

6. |. tamagawaensis
¥ Ixeris chinensis (Thunb.) Nakai

PEAY AT

B2 A4 o % 1540 cm o T ReNE

L
A5 2-4 42 0 8-25X0.5-2cm 5 ¢ ELEH LS o 59 em £ 0 DA - 42
R S

FRE SR -3 mm £

N
sl )

o BR 1= 7 B 5 RAT
?rjvﬁ] ’ ’]‘%]

me Bk 7o & 10 3§ 48 0 4-6 mm £ >

B 2-10 & 244~

1 i |0

B 2-11 & 523 4 b g0

100



() % % ¥ (Emilia) ©®

—EARFEAT A gL AR L o FIA A LA FRH

BEYEFY O RFVLEESE > ALBE ) EESEAET > A
TR SH kS L im0 b

L 246 -

otk 2

LOEH7 SR YRR (EF0 20 1) AFRPEY L | TERE

2 3457 d (2 g R A ¥ B ag g 244 )1, E. fosbergii
L EFRBHASRFFFN(RZRD23 B ) [ -5 ER_eEL AT
RBE T iicd Aphd 2. E. sonchifolia var. javanica

2. % # ¥ Emilia sonchifolia (L.) DC. var. javanica (Burm. f.) Mattfeld

P E L BB 20-60 cm v o L A AFE L o F

AN

S ESE A

FhBHET LG R FFI25 5  Bru kP o] TSR

§daid o WEFHY 11-1.5mm £ o

B 2-12 % % % fi 4 o B B %~ FRED
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? 3 % 5 5 # % (Authentication by molecular biology methods)&_i& *
DNA & & if @& 2e HjF(DNA genetic marker technology) » & #4177 ¥ %
RAEF P Z T3 A 224 A (Ae3 G 2 S0 ) 0 3 X kR - BB T

3 OBRSVARE BEASSREE B kTTeATR . 24

=g

Fil)

LA s AR R L KR

‘+§&¥
_5\.\
%
(v«}
W. \
/\‘
|3\
=
Jm
Nlud
T
J
W

—_
—

Yo BRI CRMRETE PR YR BN OBERR B E B
foie g M od ¥ o DNA A+ EXHTL P T HE BT T ok &2 2
H R BB 322 b o8 o3 B Ecii? ¥ 803 a2
BT A

— ~ 124 5 322 (Hybridization) 45 & 1% 0 4 F FE o @ L] P 27 iz
2B E B % A4 (Restriction fragment length polymorphism » RFLP) ©7 §_ .
5 # P DNA R Eenn 3 fR2edjis ) poA3t 90 £ R F4ni@ # pb 3 230 %

*qp e s dgen Y EH g S5 w £ 9 RFLP & A dsk sy - & »

W 0 £ 54 5 322 DNA #2043 0 DNA fOR S8 &3 - 7

BAERg U0 A A B B kY 0 T & kg 9§
FERS -

~ R 8 fEi 4 F &(polymerase chain reaction » PCR) Hjiv 5 % ehis &

102



HERPT D P RHATR G Y BERGH k kS s BT
ToBmE* 2 E A &5 T AR s ¢ Al (Randomly amplified
polymorphic DNA » RAPD) Y~ &g #5515 % & fizid 4% & Ju(Arbitrarily-primed
polymerase chains reaction » AP-PCR) ~ & & fr:f 4f ¥ B2 ¥53 L& & § 4
14 85 % (Polymerase chain reaction-restriction fragment length polymorphism >

PCR-RFLP) ® « # 3 % & £ & % 3] & ( Amplified fragment length
polymorphisms » AFLP) )+ 2 ZHHHE R 5 3] (Direct amplification of
length polymorphism> DALP) ©9« 4% ¢ & 7|4+ 8 #HH ¥ Hi(Specific sequence
characterized amplified region> SCAR) “"~ % %4+ 8 |+ 3 % Yi(Amplification
Refractory Mutation System » ARMS) “® ~ #§ ¥ A& 7| & 4F (Short sequence

repeat > SSR) ™ ~ ¥ A 7| €48 % & (inter- Simplesequence repeats » ISSR)

(70)

=~ DNA B 745 Prs bl 3 EE D 2 %‘ﬁz’ B TR PR TR Beh
PIHREAEZ TV RAESF DL R AT L HEER G Ll anFid
BLo A P TP b P o iE T DNABIAR A FIL & 5 % 3 g &
e E % 4 A F1 4 rbcL (large subunit of rubulose 1,5-bisphosphate
carboxylase/oxygenase > Rubisco) ~ trnK ~ matK 2 +% &L 148 % 4= 48 &L F] 18S

tDNA ~ ITS ~ 5S tDNA £ F] > 2 * 3> f b 558 H F2 AP A Fle

103



cyt-b ~ 12s rDNA A F1 % o
REFEITEAY Bl FHERT BT AR RLEN B H
BenZ BRAL E/ LG nRATI N A e F AR RE AN BT s
BHERE CBRRAMBEETFLERS AF A me P BE AT
(ribosomal DNA » rDNA ) > # 3% 18S ~ 5.8S % 28S A F| %% % % internal
transcribed spacer (ITS) ~ external transcription spacer (ETS) % internal genetic
spacer (IGS) % A i % 2 AA FHE35 > — 4@ 3 > 185~ 5.8 2 28S rDNA ¢
B MM ek A ITS 2 ETS 4 *% 2 § #2ke i 1 chiF s
(concerted evolution ) @ ¥ B 7|& & 5 5 500bp - if * >t h 2 AR 2 &%) o

IGS B 5| BIif # *S a8 ~ fap ~ &k B2 8w -

PAFS PEATAY FELS T EAT T I - Ha L

PASAPERES N FEL R R EPHRA S Al B AR

-F

oo RISEPHR A DNARFIHN » ¥ kifes L P o 29 5
B2 TR AT e d kO

d 39 Ehdedl s REHFEAEY > DNA €54 7 FARR 2 BEBE
& F 0 et &% RAPD ~ RFLP % = 3 i {74 R @ P 7 I f8 2
P DNA Jp Bl - 327 PCR 1 5&PF > T & VPP HA A o HHiE

e 7 & PERF 90 o 20 PCR & & e sk BB st # Gk £ P

2N
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# DNA '] » ¥ DNA KRG & 43 FRIPEIRE S -
“f T B PCR A - Bk G A TP R o g BB i
RN IETRE 2 BT > HAoRig A P #3 2 (Nucleic acid
sequence-based amplification » NASBA) ~ p i B 74F % % %t(Self-sustained
sequence replification > SSR) o 12 F izt d #45L PCR 2 £ #7p74 B B J i
R I B RN S Rl Tl LR RN SR - Py
MRS NREELFI AR GE M ARELRE &5 GHE 1L
FeP R R E HBERE EHGIeF A B £48 -
1708 B3k 3¢ 1% B2 ¥ 3 72 (Loop-mediated isothermal amplification’ LAMP )
. p + Notami %3 2000 # 73 # 41 ch— fE P pe g s’V o 22 2 4 &
T H 77 i EEEF B Rip Y (water bath tank) 2t 4r B B X T i
Fp o mi i be PG R P RNHE R ES WA AR
2R 82 RARFIFHORRILIT - BFFRIZ? L% 3 $3RK
3+ 51 5 (Primers) ¢z outer primer (F3 > B3) ~ inner primer (FIP » BIP)= #&
frl 5 48 % 3% 2 (Strand displacement activity)s7» DNA & & fis 4= Bst DNA
ploymerase > i & J&iB 427 A i (template) ki @ =551 3 & & fwo @Iﬁé;‘_ %
S H @é”’ﬁ » F]pLFr iF primers ¥ 04 AR IEE T o ¥ A B4 DNA B
LEial HPIEBH o M RBAPCR 2 A T LAMP 155 3 Hoie
Z & F B ¥ DNA i % 1%.(denaturation) » @ & 4 & = "R 0y
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PEARFS @ ¥ LY 4R AR 4 3 <0 R & fF Bst DNA ploymerase » £ 3§ % [§
H_H 60-65C 2. FF>pe & 513 2. Tm E454] & 60-65C> Flm 4 2 7 Annealing
% B o fuyt {5 R IR TEE BT AW hPiE A + € A2 4 stem-loop %
0 @ 324 self-priming 7% 2 ¢ & DNA ¥ K& & & $F8cE & > Efe
7 AT I Acdo A ? B R o DNA P 5> @ i3 S b fhenfid e X o
LAMP & fis s B 468 » 4 1 20-60 A 487 & 4 &8 e e 14 B4 ip) -
BabF Renfe pE oo W ol 3 gk @R L Bl A 4 (& pEBL 42 Magnesium
Pyrophosphate 7)) e & #% P) ~ F ok ik 7 ‘%%’E* ¥ £ 244 SYBR
Green I m,,l bem BEd i HF K5 R ERF 2T pF 2§ PCR (Real-Time
PCR):E {7 » 2V B 4 pt PR 2SR MEenIE ~ B> TF H7 F KRz 2 74

"ﬁ;ﬂ_ﬁj o

5T F3 F2 F1 | Targei Gene | Blc || Blc B3c []3

Bl 2-13 LAMPPrimer 283 T A FE 7| B & 2% o

LAMP Hjtvp B ke B "5?:}%—% 8 o F R R~ B s
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SETEEATS RETE G g ATV 5 b g s e LAMP
PR EER JE L2 L S FE Ty 0 4o p A Sasaki & 1% LAMP HFE-
i@ #-%_ Panax ginseng % Panax japonicus ~ Curcuma longa % Curcuma
aromatica~ Lophophora williamsii 2 Lophophora diffusa £2 / % Cucumis melo
2% e %7 shelf-life 548 hgrz V% -

SEM ARty o L LAMP Sl e RSt 3t LA AT Y o

o

—_— —~

R EE I RS TR I AR T UBF ML R {8 g
R KF A2 FHMADY FHAFAMELS 2 > fHrR v AER

VR WAE Y BERTE A PR ER B > o
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$ oMo

3
\H

P - R R E
-~ FE&HHK
- %3 o & (Taraxacum formosanum Kitanlura )~ & i 2> % ( Taraxacum
officinale Weber )~ % ¥2 3% (Ixeris chinensis (Thunb.) Nakai ) ~ & #§ 3% ( Youngia
japonica L.) ~ 7 % % (Ixeridium laevigata (Bl) Sch.) ~ % # % (Emilia
sonchifolia) # F skRi=% 2 F & » 1 B ¥ 40T
() e@Famd SP I EF R ERTEREYRRE A 0P Y

AFF< g ED -

NS TR0 3
(=)~ L &1 FdH

1. Agarrose I (AMRESCO)

2. NaCl (AMRESCO)

3. Agar, Bacteriological (AMRESCO)

4. tryptone (GERBU)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

DNA Contaminate Removal Solution (TaKaRa)

Promega pGEM-T Vector Systems (including pGEM-T Vector ©* T4 DNA
ligase » and 2X buffer)

Taq DNA polymerase (Protech)

1kb DNA ladder marker

Plasmid DNA extraction kit (Geneaid)
Pro-Tag DNA polymerase (PRO TECH)

*T+41 f= (Restriction Enzyme) ECOR T (TaKaRa)

10mM dNTP Mixer (New England Biolabs)
Bst DNA polymerase (New England Biolabs)
10 mM dNTP (Biovan)

SYBR Green (Invitrogen)

Yeast Extract (BioVan)

TEA Bufter : Tris (GERBU), EDTA (GERBU), Acetic Acid (SHOWA)

Bromophenol blue
Ethidium Bromide (EtBr)
DNA Loading Buffer (TaKaRa)

Rnase A (10 mg/mL)

~ay

RO K
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() REXA
. 54 AT E  Power Sonic 410
2. PCR ik ®B(BIO-RAD DNA Engine Peltier Thermal Cycler)

3. NanoVue (GE Health, USA)

4. T 7 Advance Mupid-2plus

(=)~ {47 2 75 514 DNA 5 B~
184> Genomic DNA i P-4 Geneaid’s genomic extraction mini kit
(Geneaid) + P 2 3 (T i (7 > % F4oT !
Step 1 : Tissue Dissociation
Ve e Lk E R e (s ¢ T8 IR R
Lo 35 2 SRR S R R
L 47> 3% DNA Contaminate Removal Solution #-# & fei 5% » £ 1 B *
EEEE:
VBt Fz PP LRSS 5 e 2R EF AR AR

L& 2~ 20 mg(s 7 25 mg) 3 » eppendorf ¥ - B+ LAELAIEA(E A2 F)
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Step 2:Lysis

| #tv 400 pL GP1 buffer 4= 5 uL RNase A (10 mg/ml) % eppendorf ¥
vortex

1> 328 65C 10 245 - * S o4 3D] > B RS 7‘55‘?“’%% £
elution buffer(+ B Sample 50 uL )% >+ eppendorf # 7 #4

}#v 100 uL GP2 buffer » vortex » *c ¥ 7k 3 4 4%

}#-8 &+ 5 » Filter Column(Filter Column + collection tube) » &~ 13000
pm 1 4~ 45

L#-T iR 2 200 ul pipet & 370 eppendorf ¢ (¥ 350-400 pL ) - Filter
Column Z 3

}#e 1.5 & ¢ GP3 buffer(525~600 puL ) » i :¢ vortex 5 §) 42

}4e 700ul 92 & #» & GD Column » &< 13000 rpm 2 4~ 45

JE BT s k- =0 g 13000 rpm 2 A 4

VEHT 6 RAL e r IR B LS B

L #5773 % K8 552 7% {4 40 400 uL W1 buffer 2 GD Column

J&< 13000 rpm 0.5 4 4878 H) 4T & % 48

L #r 600 pL Wash buffer 2 GD Column

L3 13000 rpm 0.5 & 4578 §]H-T @ & 4

L3 13000 pm 3 4 48

111



RS P UL R 3 10

| ¢ 400 uL 2 F§(96-100%) 3 GD Column

L& 13000 rpm 30 5 1 f5]H-T & i 48

L3s 13000 pm 3 4 48

1 #- GD Column =z ¥ #7: eppendorf #

L %0 50 uL 2z =0 #73F 44 4% 1 elution buffer

I#E304

L3 13000 rpm 2 A 48

lﬁ T on u"ﬁ?ﬁﬂlj j\—- =5F » g-g;%;_

L3~ 13000 rpm 2 4 48

1#rE ;,@éjﬁ“—)?fl’i’;ﬁ‘? re 2o

e 4 2. Genomic DNA > &5

30

Genomic DNA

SpinVac iz % {8 > *t-20C ek i @ %35 o

VA Sk Gk B 2R 2 YL £ 260 nm 2 vk B i B DNA ek B o

(=)~ ITS £ %] 5 £ e 1§

1.PCR F i ITS 5 % % g

P~ 50 ng 9% Genomic DNA - i& {7 PCR ¥ Jis#- ITS A& F] % £ ¥

d o PCR F %884 50 uL & &% & 7 1uL template DNA ~ 10 uM 31 5 &

1 uL » 513 B 7)4eT
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F3-TF (5’-GCGTCGCCCCCATCATAG-3")
B3-TF (3’-AATCCTACTACGAAGCTGG-5’)

£ e~ 1uL #7910 mM dNTP~5 pL 2 PCR buffer~40 uL £ ddH,0 2 1 puL Tag
DNA polymerase » & J&if & ¢ #a%i§ 47 & (Thermocycler) #4 » it A2 & 42

MR R OSCS A48 - BRI > FIHEER OSCL #4485 R & 58

Clida; et BERT2CI A4 H%R 30 BEE; RSB RER 72C10 »
4> BAVEHISEAS Y 4C o 2 {42 PCR F b4 4 5uL > £ bromophenol

blue Z &8 3 15 » /2 » 1% Agarose gel ¥ > 12 100V 7 BRE 7 T A A 47 ° F&

st ITS 2 75 £ 2B o

2.ITS A F] % B e H A

#-PCR Z 4 3 uL 4v » 1 pL 1 pGEM T-vector 2 & F’k > #-5 i3 %
FERRE RN RRFRSAHE IR DNAGSREREF B EE- B )
% 325kbendE W FH o 2 f5E A~ < B4 EFY (E. coli Top 10F') » #-i&
A2 A B EHEE > B 37CH A 18] B > PR %3 Ampicillin 2
ik LB & AY > 30 37C 4 18 pF > ¥ *A§|fF EcoR 17 &1 » @
TG BRI EE A A NP N E A URRE B AR o B

W] £ R R RdEE 2 #7572 NCBI Genbank # e57 BLAST #% 4t i (744 4t o
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=~ 2R B3R N Ea$ 3 2 (Loop-mediated isothermal amplification
LAMP ) #F_
(=) LAMP 513 z_3% 3+
LAMP 313 e 3" R A R T EA OB F oo L S5 2R+ #
H2. ITS B o7& - 513 Ko & - M3l F 103l3 F’“:h_& V3 #x %8 (The
primer Explorer V3 software > Eiken Chemical Co. Ltd. Tokyo > Japan) i {7 &
FTERGE o EBITS2 B 5 kAR B PRH g F RATE 05 ik 0h 313
(F3-B3)~ 3 igp 513 (FIP > BIP)% » x5l » 2 ¢ FIP 5 Flc(c %3 4 &
) F2 A 5513 dug oA BIPR] S Ble22 B2 & %513 i & (R 2-14)°

51+ chB 7L & 2-1 %951 o

e

BIP(B2+Blc)

s R -
T B = T

)

]
/ AP (FR2+FLc)

Bl 2-14 LAMP primers design

Primer name Type Length (bp) Sequences(5-3))
F3 F3 18 GOGTAGOOOCCATCATAG
B3 B3 20 GGTGGAAGCATCATCCTAAG
AP P+Flc 38 GTATTTTGACCAACOGCACAA-
GTGATTGGGAGOGGAAT
BIP B2+Blc 41 ACGGCTAGTGGTGGTTGTAAA-
ATGGGGTCTTTTTTGAGGGC

% 2-1 LAMP primers
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(=)~LAMP F g2 & i

128 BT\ pa s tg 2 (LAMP)ezdsk ® > L4 » 50 ng / ul)e ¥ Beh
14 Genomic DNA ¥ ** 0.2 mL < ¢ @ » L & W[4 » 4 uL «op 513 (inner
primers) FIP &2 BIP (10 uM/each) » = 0.5 puL =3¢ 31+ (outer primers) F3 &
B3 (10 uM/each)> 12 2 0.5 uL 710 mM dNTP-2.5 uL 10X Bst buffer 2 10 uL
d.d.water - ** LAMP & Jgo » L#3p o g 52 95CT F B 5 A 4818 > "L
kP AIrE ] 248 0 £ 4~ 1 ul e Bst DNA polymerase (New England
Biolabs) » ¢ % B 7 §[ 04 % S 7 pheh® i > @ LAMP 313 i "2 4130 p 4 5]
ZE& > 1115 2 LAMP F Jenig (7 o % > 60CiE {7 LAMP & Jg 1 | p¥
{6 A3 80CIF* 10 248 L F o F BES 1 1% 2§ 755 150V 7 &
TR F 25 24T A 0 518 ¢ Ethidium Bromide % ¢ 5 445 > £ 1%k

GEVEML S (BT b R BRI o

(=) ~ LAMP # 2 4 (Specificity)ip] :#
POEGE BT PRtz (LAMP) A e cvgdsk o A W[4 2 @ R B2 5
BT oEEAF CRTEREEFIECLIECRIFE X KT

¥ )48 47 51 Genomic DNA » 27 LAMP 2_ F & » LR F RS % o
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(z ) ~ LAMP Az 14 (Senstivity)ip| &

FPfsen L B &% genomic DNA 45 NanoVue 4 % % & 3+ (GE
Health » USA)® £ {¢ - #-2 1« FPk 7 5 100 ng ~ 20 ng ~ 1 ng ~ 100 pg
10pg~1pg~100fg~10fg~1fg F kR > &7 LAMP K Ji - F B &+ U

1%FFWEFT A FE EBr>» UVET R gL o LAMP & 7% 4r »

SYBR Green > >t UV @I F 3 %d FELF 4 o
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A5

SR oSS

AR A5 BN\ vy

- FoRBELRYEHZS LS AR
CEE AR EH 2 R R
(-)~ o#F =% (T formosanum Kitamura )

;;%ﬁ.;?:,&\_&fﬁ_%‘/_l %«*rzm #k J

m

Bk R ERHEA) e
AEH O ERERRZ A ERAYZ ARk PRI RELSBE D

- 7524 o (B2-15) % #4750 £ 9 3mm- & 5%
105 %2 P2 Eg kR4 FFEL Y Tmm2rg T2 > 4

6 mm " (%) 2-16) -

Bl 2-16 A2 ik him

(=)~ & &EF =28 (T officinale Weber )
ﬁiéi;‘iféitf’;*xf%i;iﬁ‘% CE R RSGREEA BREN A AR
Pl &4 E83u e I RELBE D kiR H- >4 >



3 (Bl 2-17)° Fo%k 4225 E X 3mm> & 55 % 510 %% o %2 >3
B Rk kA S EE L 8mmark LG 0 X 6mm Y (B 2-18)

Bl 2-17 & iEF > e e o R B 2-18 & & jF o & % v

(=)~ & 2% C(lxeris chinensis (Thunb.) Nakai )
REF+aE2 E4E a3 D E 2 VIS S S 0
(] 2-19) > ¥ 5 s BATR rﬁ‘]@ SR Fd o R 1”(EI 2-20) -

Bl 2-19 A 2 {4 ohi 220 & DR

(=)~ % #8 3% (Youngia japonica L.)
wIBE A A2 Bk BELe) 0 ks s H (R 2-21)
BRI E S5 k(B 2-22) -

B P =

B 2-21 % i8F g ch . B 2-22 F i E Aok g

()~ 7 % % (lIxeridium laevigatum (Bl.)Sch. )
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R B Hlcde o R TER O g R (R 2-23) -

FE 4 £ 93mme F46HF > 2107 o RTE2pE ) Il mmo BEF

-
3
‘ N
W
(B!

9 ¢ > 93mm"” (B 2-24) -

W 2-24 7 i ¥ % b

(=) ~ % % ¥ (Emilia sonchifolia (L.) DC. var. javanica (Burm. f.) Mattfeld)
EXXESI A EEFEEHEZI > 5 RTER - % L RERA
A Y3 mme ES5 XA o A E mfeg s Ltad o X8 mm""” (@

2-26) -

B 2-26 % & X%k R
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SRR

LR XSRS e SR

| 55 LU &
ESECR4E 8

dod 22 ¢ MG S E GC 2 B L HE A
SR TN RN ISR E

2% () 2-27) 0 w4t 10 f8%

NEH G EACE R

Fik 15 B TR S P AR

W FET

TEREE X 5 ¥o o 1 ¥o i 2

1 |OWFE &R -l ds2g [124 9% [13F2#
2 |O%pE X 2-1 % 52% |22 % 2% |2-3 fp‘"'&f#’
3 |OFv%F 3-3 o
4 |0y X {7 3-1 4 823 |32 4 waE

5 |00+ %4H 4-3 jF o &
6 L S 5-3 o w
7 |OHFEF 4-1 4 53% |42 % 2%

8 |OF ¥ ¥ &3 6-3 T &
9 |7O0F %R 73 Fa
10 (- OF % /& 8-3 &
11 | O3 €+ %R 9-3 jF o w
12| 08+ ¥ 10-3 5F 2 3
13]0%+%R 52 4 2§
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10~ 0+ ¥ b it 5

121



FOE SEFOELASEYA L L E R B gy
- ~ Ak RN T E RS DNA kR

% B~ 4 e Genomic DNA 17 A SESE B 2Hpl 220k £ 260 nm 2_ v sk (8 5

o

¥ DNA kB o

DNA sk B
A 135 ng/pL
RS A 205.5ng / pL
% 52 1016 ng/pL
% 8 611 ng/puL
7 oip R 533 ng/uL
iy 245 ng/pL

4. 23 DNA = & ek B

2 H L R 2 ITS Al i

Iy
T
i
=
N
2t

cHFoEs 2 ARy B2 ITS A 73 NCBI GenBank 7R B 3%
PX# o F ez A 75 7 (Taraxacum formosanum EF 114672 » Taraxacum
officinale AY862576 > Ixeridium laevigatum AY 862582 » Youngia japonica
AY 862580 » Ixeris chinensis AY862578 » Emilia sonchifolia var. javanica
EU057987)+ 4+ » 12 BLAST 3% 3* nuclear ribosomal DNA ITS2 2z Forward

primer F3-TF % Backward primer B3-TF 3!+ o
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A

T. formosanum
T. officinale

l. laevigatum

Y. japonica

. chinensis

E. sonchifolia
F3-TF

T. formosanum
T. officinale

1. laevigatum

Y. japonica

I. chinensis

E. sonchifolia
B3-TF

ATCGCGTCGCCCCC——AT-CATAGTTCCCTTAAGGGT

**************C_**_

****A*************
**************_—*C_***G**CT***AGTA***

**************CTTC_****C****T*A*CC***

*********T****CA*CATACTC*C**T*ATT****
*A*X Tk AXGT*A**TCCTAA*==*CAC*T*CTG*T**A
5’ -GCGTCGCCCCCATCATAG-3"

AAGACCCCATTGTATCGTCTTAGGATGATGCTTCGACC

****A****A********TC*****C***********t

************C**TA********C************
*******T*C*****T****CTA*****TACTTCGACT
*******T*************G*T*C***********T
*T*****T*A***C*******_*T*C**A**G*T**TT

3’ -GAATCCTACTACGAAGCTGG-5"

B 228 S FE A Esl 3w

?J %Lr*ﬁg

E

7

T

A s VAL A
—"-1‘53‘:_’"/?7

% DNA » A 8] @ * 973K 32

BIE AT 3 s

A3 ihd - s Aok B 2-29 frA o
{7 PCR F 15 >

Ve ) 74 - 17 )
RS2 AL ]

& ¥ J&(polymerase chain reaction » PCR) %] & % 5= 2 &

ELEH RS Pt e o B A
73 %
! F3-TF 3 B3-TF #f3% 5 %7

e B

TOANIE B ML B oA 15 L
v IE g B R AT e

123

U ts 2 PipR it L OHE
be k- BRI R
2 # (T. formosanum) % fé

N FE T L 0% DNA
Y b LR PP A et L B

X % 250 i k& A& ¥t (base pair > bp) o @ 14 5 FF o mIEH



2 {4 0@ FF o & (T. officinale) ~ 7 & % (1 laevigatum) ~ & #§ 3 (Y.
japonica)~ % 32 ¥ (l. chinensis) 2 % % 4 ¥ (E. sonchifolia var. javanica) 2 PCR
F et DNA BF o> BlE 2 30 At 2 3 P W b a8 IR < 5 8o & F
BRI 2 F VR - s DB R PRAS TR R 5 Y
cEFoEEL L SFEY fa S a4 o
RAETIRRB2Z AP AT Y LSBT B PR TS e £ 0 % PCR
F Rletéend 4 A 1 pGEM-T vector + {5 > FAEHE A /g % 4o §] 2-30 > {1
U 4|fF ECORI *» 275 » 7 @5 a BPE2H > Auli* 14 3 kb th
pGEM-T vector £ -]+ ¥ 250 bp =7 insert DNA > {& "F*f I L B2 ovector £ £ P
PCR %z & o Insert 5 FL 55 2 R {6 » %5 712 BLAST #4822 NCBI £ 7]
FTHEFE R FRALTHRE? L BF 2% ITS2 A 7| (GenBank
accession no : AY862577)3 99.5%:4p i > BEom A F BTkt a1+ £ =
S ES &Rl of - i E AR
¥ F o A% F3-TF &2 B3-TF $>° PCR 7 &% - S#F @ fips

FHACR o ME PSS ST E PR PR Pk R 120 ng

o

20ng ~ 1ng~ 100 pg ~ 10 pg~ 1 pg> it 5 4 DNA » & | *
87 PCRF JEod B 2-31 ¥ # R  § ek R M3 1pg ey & i PCR
F s arc X~ 2ug » w3028 il 7 A LR &F—[—j\ﬁ e R
o B BT e RO RERE S I pge B HERE 0 AT
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Bt il SR LR B - AR KV ITL - BAFEL BT o E

B g PR B oo

bpp M 1 2 3 4 5 6 7

300
200

Bl 2-29 ¢ @i~ w3l 3 PCR 2 &4
Electrophoresis of PCR products from species-specific primer amplification using F3-TF

and B3-TF » which were designed for identifying Taraxacum formosanum based on its

nuclear ribosomal DNA (nrDNA) ITS2 region sequence. Lanes 1-6 indicates Taraxacum

formosanum - Taraxacum officinale » Ixeridium laevigatum > Youngia japonica - Ixeris
chinensis - and Emilia sonchifolia var. javanica > respectively.

Lane 7: blank. M: DNA marker.
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K.b

3.0 -] -vector
0.5
0.25 -w1nsert DNA

B 2-30 PCRITS2 2 4 {48 55 ECORI K fi# e 2 A 3+ T A ]
Cloning of the Taraxacum formosanum PCR amplified DNA fragment of 250 bp into

pGEM-T vector. Lane M > 100 bp DNA ladder marker; lane 1 > insert DNA (250 bp of DNA
fragment amplified by species-specific PCR); lane 2> pGEM-T vector only; lane 3> 250 bp of

insert DNA was cloned into pGEM-T vector and the recombinant plasmid digested at two

sites with EcORI.
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bp M 1 2 34 567

50
25

Bl 2-31 *2 F3-TF # B3-TF 31+ $7 Ip ik R 2 ¢ 32 % o9 DNA i2 {7 PCR ¥ Jkinkg
B
PCR sensitivity using allele-specific primers. The allele-specific primers> F3-TF and B3-TF -

were used with genomic DNA from Taraxacum formosanum for the PCR reaction. The PCR
reactions were performed after adding various amounts of Taraxacum formosanum genomic

DNA. Lane M > 100 bp DNA ladder marker; lane 2-7 were amplified with 120 ng ~ 20 ng ~ 1

ng ~ 100 pg ~ 10 pg ~ 1 pg of extracted genomic DNA » respectively. Lane 1: blank.
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o I RAFREF BEYD L ORFOEEH

(w
o4
4y
=yl
i
—
sy
%
oy
i
—
>yl
i-\_\;\:\-j
T
P
T
\O

g b S AP A2
FARCERE | RFIER RS REF A FOEPEH S
7 PCR & Jis » 8] o2 5 enig * i o B bR R E B
Fed 2t PCRF & M T ABREFr RS- d B 2-32 8% v 83>
P35 0 BRSPRERVARATHRLIFIE A > a e e RERagEe
WAL KT BT AR TR FRERRY B

PR HP AR HRTR P2 ET I FE T FLPRB BT REGE

HLp AR 2 T o

M N 1 2 34 5 6 78 910 P

B 232+ %3 & o@FamiksEs PCRE%
Species-specific PCR for identifying Taraxacum formosanum among ten collected

commercial plant species. Lane M » 100 bp DNA ladder marker; lanes 1-10 PCR amplification

products using DNA extracted from ten collected commercial samples that were reputed to be

Taraxacum formosanum; lane N > negative control; lane P » positive control.
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F 2w oF 2 PR BRI NE (LAMP) Pk 2 0 F
Fo D S EH
-~ EEBRS PRGN KR BRI
(<)~ 315w
MG B iEE V3R - 2k 4O LAMP SIS 0 HY e 7 2R
¥ & LAMP ek Jgde4sen¢t 313 (outer primer ; ¥ F3 2 B3)» 2 2 i+ 3

LAMP ehF &35 4§ & {7 chinner primers (FIP 2 BIP)x 4

51 3

T. formosanum
T. officinale
I. laevigatum
Y. japonica

I. chinensis
E. sonchifolia
T. formosanum
T. officinale
I. laevigatum
Y. japonica

I. chinensis
E. sonchifolia
T. formosanum
T. officinale
I. laevigatum
Y. japonica

I. chinensis
E. sonchifolia
T. formosanum
T. officinale
I. laevigatum
Y. japonica

I. chinensis
E. sonchifolia

e
%

B F R M LAMP

3>

F2

"Z&gTTCCCTTAAGGG?AGTCGTG@gQAES GGAGK

GCGTCGCCCCCCATC - -ATACTTCCCTTAAGGGTAGTCGT GGTGAT TGGGAGCGGAGATT
GCGTCGCCCCCCTTCC-ATACTTCCTTAACCGGTACATCTGGT G-CTGGGGGCGGAGATT
GCGTCGCCCCCCTTCC-ATACTTCCT TAACCGGTACAT CTGGT G- CTGGGGGCGGAGATT
GTGTCGTCCCCCAACATACTCTCCCTTATTGGGTTGTCATGTT GAT TGGG-GCGGAGATT
ATGTCACCTCCTAAC--ACACCTCCTGATGGAGATGTCATTGTT-——--GTGGTGGAGATT

+ Flc
GGCCTCCCGTGCTTGTTGTGCGGTTGGTCAAAATACGAGTCCCCTTCGGTGGACACACGG
GGCTTCCCGTGCTTGTTGTGCGGTTGGT CAABATAGGAGTCCCCT TCGGTGGACACACGG
GGCCTCCCATGCCTGTGGTGTGGCTGGCCTARAGAGTTGCCCCATTTGGTGGACACACGG
GGCCTCCCATGCCTGTGGTGTGGCTGGCCTARAGAGTTGTCCCAT TTGGT GGACACACGG
GGCCTCCCGTACTTCTGGTTCGGTTGGCCTAAATAGGAGGCCCCT TCGGTGGATACACGG
GGCTTTCCGTTCCAGAGGCGCGGT TAGCTARRATAGGAGTCCTCTTTTAT TGACACACGA

Blc R
CTAGTGGTGGTTGTAAAGACCCTTTTCTTCTGCTGTGTGTCGTGAGCTGCTAGGGAA
CTAGTGGTGGTTGTAAAGACCCTTTTCTTCTGCTGTGTGTTGT GAGCTGCTAGGGARACC
TTAGTGGTGGTTGTATAGACCCTCGTCT TGT CCCGTGTGTCGT TAGCCTCTAGGGACATA
TTAGTGGTGGTTGTATAGACCCTCGTCTTGTCCCGTGTGTCGTTAGCCTCTAGGGACATA
ATAGTGGTGGTTGTTAAGACCCTCGTATTGTGCTGTGTGTTGTGAGCTGT TAGGGAALCC
TTAGTGGTGGTCG-AARAAGCCCTCTTCTCGAGT TGTGTGTT-CARATTAT TTARGAGGAR

B2 B3

<

>

€

CTCA.

CTCAAAQAAGAACCCAATGTATCGTTCT GGACGATGCTTCGACC
TT--GARAAGACCCTACTGTATTGTCTCTAGATGATACTTCGACT
CT--GAAAAGACCCTACTGTATTGTCTCTAGATGATACTTCGAC-
CTCACCAAAGACCCTATTGTATCGTCTTGGTAC
CTCATTGATGACCCTAATGTCTCGTCTT-GTACGAAGCGTTGATT

+
~

% 2-4 LAMP 313 & 7|
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(Z)EEBEFER; PR F BRERREF BAS A 47

#iE LAMP #7cx e e 3 3% % < | 2 — en B B> F]gt & DNA &
f¢ € 3R ladder pattern 1. % > 4o[§] 2-33 - ] 2-33 ¥ - LaneN & # 7 =
W% 1% ik e negative control % ; Lane P 5% LAMP # # - # SYBR Green Z |

e rx ApP VU U RBEREL S ZREF T e # 1% fik e1 negative

control > ¥ £ &2 4 o LR 5 LAMP A% > Rl ¥ % & 4 (B 2-33) -

A B

N P
e - SYBR Green

500bp ==

Left:Negative control

250bp =

‘. Right:LAMP product

P: LAMP product
N: Negative control

W 2-33 5 & 2 # LAMP F kA 4 2 1k 7]
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~LAMP 313 e - )3 (Specificity of LAMP primers)
PR g REE SRR B 4od 0 B #4412 Genomic

DNA > 4t7\‘f3‘_= "J‘7 rﬁ%ﬂ r'}r/‘%;“";\*’ ) 2 LAMP 313 » 3% 65Cl'3:'

i

= %‘g d Bst DNA polymerase it » & {7 LAMP F J& o 5§ 1% EE % T 4.
% 4c@] 2-34 0 ¥ 5 2 # 5 DNA ladder pattern 573t 5L 0 IR 5 B om A

TR LAMP R Mg - T kR DB E R EH s F ET2

3,000 bp

1,000 bp

500 bp

250 bp

B 2-34 5% 28 LAMP F kA 4 2 Rl
M: DNA marker; Lane N:Negative control; Lanel:Taraxacum formosanum; Lane2:Taraxacum
officinale ; Lane3:Ixeridium laevigatum ; Lane4:Youngia japonica ; Lane5:Ixeris Chinensis ;

Lane6:Emilia sonchifolia var.javanica -
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= ~LAMP 3l + ehg s i3 (Sensitivity of LAMP primers)

» B fEOTR I LAMP 513 2 A0k 0 B B kb o B O B PR
- kS B AR e chiE 2 T8 7 LAMP F e ¥ ¢ho S 1% LAMP
513 ¢ vb 513 F3 22 B3> s AL PCR F Benil 3+ » FiRE TR
19 % o d B 2-35 B % A7 LAMP & 57 St d 5 1 pg enPipeik & ¢ it
70 ApEOTE] 2-36 chig % 0 F PRR R MY Ing BF o TR PR PO S 3
Lo H g ACR 'ﬁﬂ’f’ 2 xﬁ*?? s % o 4 SYBR Green % #|+4r » LAMP 2 4~ ¥

MpRBERSS ¥k HER MR 2342 1% EFRTAME o

A

1.2 35 4 5 6 7 8 9

1,000 bp

S00bp W
ﬁ-

+SYBR Green

250bp

Bl 2-35 ¢~ 2 & LAMP & & sTliipls
Lane N % negative control; Lane1:120 ng; Lane2:20 ng; Lane3:1 ng; Lane4:100 pg; Lane5:10

pg ;> Lane6:1 pg ; Lane7:100 fg ; Lane8:10 fg ; Lane9:1 fg -
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3,000 bp

1,000 bp

500 bp
250 bp

Bl 2-36 1+ LAMP ¢t 51+ F3

e

Lane5:10 pg ; Lane6:1 pg
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v~ R BRSSP EER 22 PCR = 2 &3 & S FowEH

# %41 Genomic DNA » +“ $iz

15:

Su[g I AP G AR 2T R
LAMP = ;2 &2 PCR = /2 #=% 4o B] 2-37 ~ B 2-38 - LAMP = 2 2_ #=% ¥ PCR

Fw 2 Erif R - R,

‘3\

A

M N 1 2 3 4 5 6 7 8 9 10

< v

Bl 2-37 LAMP = ;% % BiF2 ¥ #H2 5+

Lane M, 1 kb of DNA ladder marker; lane N, genomic DNA oflXeris chinensis ; lane

1-10, ten commercial plants of Taraxacum formosanum from various herbal markets.
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B

M N 1 2 3 4 5 6 7 8 9 10

B12-38 PCR>2&F%d LF w82 B
Lane M, 1 kb of DNA ladder marker; Lane N, genomic DNA oflXeris chinensis ; Lane

1-10, ten commercial plants of Taraxacum formosanum from various herbal markets.
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B LE T EFAEY MAFAEY A F2E RS 0 5 FoEg
PG LRAT T F ST AT L TS EFaE

d WP ERRE LG R - BTk B P RIFE RS
I FHUE LTSS BB FWEY AT L EEL R R
T o PR HERSTEN > TEAEFIRE ITE XY WA
SRR EL R A A BN 2 aE L R E Y T E 2 DNA 4 5 ks
T RETERAE P B2 H R EFERRY NFEE

A F BB F S PR R 412 9 5.8S TRNA Y 2.4 5.8S rDNA A 74
i k@A GRHZAT L T 52 ITSI 2 ITS2 A% > H A58 £45
Bos 5Bz 2 B O Tl A e E2 AR BB AT o
ITS1-5.8S rDNA-ITS2 ¢ DNA # B & & j&_ 550 bp~850 bp &™) & w4
GenBank %97t $HiE B2 FHFE MBS DNA P K i FAL 7 F
g2 kg o FlH 0 AL E A %’ w4 GenBank FALE ¢ o

NEEHLRYBEYFAITS AF A > B NHEY LBRL hRR > 2 iF
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w51 F kY o R R o BRGS0 B8 Taraxacum
Wit AN A ITS] & ITS2 Pife B &~ X hL B ($ B RN 5 470%%
4.88%) Ra SEFomEE 2 N B BH A S L - Pl 1 ITS2
R A o HOITS2 ehfE B 2 £ % (interspecies variation) 4 [l 5] =
27.02%% 59.45% > Flpt i T ik- A4 ITS2 @1 @ o E AR Fif2
ITS2 4erivt $f > Weh - B HFRL2 ST &I FURHE & F
HFEHDITS2 B5 e Bkt ddin- #5138 F o F n g FRr B
SRS FER 4 F o IR 8T 2 3 # 14 ¢0 Genomic DNA 7 14 4 3 41 ¢
250 bp ~ | HITS2 H B F G A4 » ¥4 T /5 I 247" ¥ DNA B 7| > &

BB WS E L ITS AAl> sl $8 4 Eu 55

BPFEE G AIET G E o A RF VA ER R T ahenlE f Bl TR R
o R SEFSRAERY 42 ITS2 AFe i DNA & F 438> 125
FRIEE VIEHE Y - 2X 4P LAMP SIS 1P ¢ 3 207 @@ LAMP
ek A4t 513 (outer primer ; ¢ F3 %2 B3) > %2 2 i ¥ & LAMP k&
R4F & i 7 ehinner primers (FIP 2 BIP)% 4 5% # 2 4 LAMP 515 5 &

Al LAMP 313 7 23848 T3 PP 1RchDNA P& F B4 e B 2= F

&
¥
IS
B
b

\_.
S
-
vg;
v
1 o]
=
>
<
'—U

|54t b r §F S E R DNA 6hF i
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AP K 65CEFE RIS B-LAMP A4 53 Fa e T A 18 > d EtBr

-0
¥

e
S
Qe
|
R
o
C
<
g
Eri
Ay
Nz

+ R4 LAMP F 453 < ladder 3t
Bood WV EY o AT TRz LAMP IS8 B4 3 B - e
A F o E ITS2 e B E -
£ 5 S 2 Pipe g fonarg B o A FIRATR I i
W oS pPEPRRR? M BT HEL dOF g o AR Rk
RoBFOEOPRFRA T Bk R R 100ng B E 1 fgo

FAHR R LAMP F i £ T 0 BB ) o B R RE5 S Hen

Jﬂé‘

SCRT LN 1 pg 2 R e b £ o AR RO PCR F R FE TS
Fo#®E > 2 LAMP F R &R S %3 PCR £ JiF 1000 & -
LAMP £ Jists » 3 P At > b HiE®@ EtBr 4 ¢ » 3 UV %
TELZIAR o0 ladder UL > P ELA 2 B R RIR R Y F O B Pk
F OB E PRk R 1 pg P LAMP E ik AT 3 £ B8 (70 @ 4 PCR
F & » 4o PCR-RFLP » RAPD # ARMS » & 2 i 5|22 LAMP F i 1% 57
B PR R MY Ing PR EZEFIEFE B AL LAMP F 2 &

FrRESBAPCRE » L ARG (FLd P BET S i augs o
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\\4

.
LN

-
b r ]
é\

>
= %

N

PR peAR 0 0 58D B o ok > ¥ AL i dp i and @
FAEf R %R A Gl Re s 2 A d hEES A A As
BEDHFPAFOENLE TR PROE T FohF 2o

A i DNA » 3 4R3s#7 3 0 J5d v % GenBank TR A b 58
cppH LRy BHBAOITS2AFE > B3I E R L G%RE > K- %

- Y N\ 7 2 5 2| = =
?f?aln—i-g::% 5]—3—0‘::

N
o4

I THFTIREF P FOELL LR FH
B LA F 0 H3ER 112 PCR A% 5 5 250 bp < /| 0 ITS2 ¥ £ >
BAPTRI AL O -’g‘“ﬁ: # DNA E 7| > Bz Species-specific PCR
Primers ¥ = # chgu| I S8 Fcm @ d LAt S FE L -

Beh o A B LT ORAE LR e FFomE2 ITS2 A
Flie o K3 F FRIEOLAMP 513 o b PR it 1 IR 0 X
FETRPIRERAEICFRNE S BEY BT 52 L R* EF4f 0 LAMP B3
% 122 LAMP 2 2 FIR %] 3 % o

AFTE TR LMAP 313 ¥ % - s 2 3 58 o # 47 DNA

\

F Rz > D wor kR 1pg Tie (T LAMP F i o Hoacp ik f ki @
“PCRZ > LRI C Spza i DFEIEY FHER Lo

dORH SRR AR PR RS R 2 R



94.7% (36/38) 4% 7 B2 F 2% » 5 AF EFOH L QF FIBE
FoNAT IR SEARFL AP SR FEaY LA
FRKPIEERENET D ARAT R TE s B A H s R B
FI oA H P BHE G2 k5% A2 LAMP 3 2 guE 2 o R

Y OEER TG

140



ReAE LY B R4

/

4y
=
p1
W
i
AR

N

W

o

|4
—E#
>
5
™
=k
Eh
i

4 > 2008 ; 26(4) : pp47-80

—_—t
-7‘_-
112

BE 428 FEGMP FwiEREE RGN FrclaEt ¢ ol

Py
A

A & > 2006 pl2 -

gl

P ® LT BEANY FRE FaiFi FY FELR 6

2006 ; pVI -

t

E

g

4

gk

s

RN ERE S FEL E SR A
2001 ;5 12(3) - 192-195 -

B S8 B e W G LA R e
IR 5 2001 5 3(2) £ 30-32 -

Guidance for Industry Botanical Drug Products from U. S. Food and
Drug Administration Center for Drug Evaluation and Research (CDER).
June 2004. http://www.fda.gov/cder/guidance/index.htm.

General Guidelines for Methodologies on Research and Evaluation of
Traditional Medicine from World Health Organization. 2000.

Yip PY, Chau CF, Mak CY and Kwan HS. DNA methods for
identification of Chinese medicinal materials. Chin Med. 2007; 2-9.
Zhang YB, Shaw PC, Sze CW, Wang ZT and Tong Y. Molecular

authentication of. Chinese herbal materials. Journal of Food and Drug

141



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Analysis . 2007; 15:1-9.
Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, Amino N
and Hase T. Loop-mediated isothermal amplification of DNA . Nucleic

Acids Res. 2000; 28:E63.

S ERIEL B € ¢ S #4338 % — 5% Flora of Taiwan-1st edition
Vol. 4 » ik B % d15K4k > 1978 5 pP951-952 -

EELE P ERR EEE( )RR Bz gn(D) 7
s % EH § sk 0 2002 ; pp31-49 o

R E Y EHET AR (- )T B BB

Bk FrteiEs F 0 FHELE ¢ 0 2007 5 ppdT-48 -

BooiLi: AT AR 0 LA GES DAL R 19555 pdSs e
B FREE AT A 4 B He I RAL 0 £ 5 5 1981 5 p293 -
BooarLip: F A2FS 0 AR RA S AR 1955 p34 o

Ko BRAE MY R XA E E TS AR > £59 5 1994 5 p302 o
Ko BAEHC B AY > A R fFEd URAL s A R 0 1957 5 p281 -

P
s
)
P g
-

+
x>
<
)‘344

?fsdr
]
o
T

pull'™
&
[
O
(U]
~J

o)
~J
o

PRy iEe AE 0 2 B ARA S BP0 2004 5 p769 o
P Ele g A A HBE( ) e X2 8 1983 ; pd36 -
PR B FA-FRERe FoRd R0 A R Ed

ML 5 A 0 2002 5 p363 o
142



23.

24.

25.

20, 0 3¢ G AFRBES RFF Y () HEFTR £
¥ 2 1990 ; pl48 e

27. P 2% g e B33 3P EE o AETA FHa > 1995;p9 -

28. i B ATERGD-BAFEES (2) o A PE R
AL 0 b % > 19855 pl19 e

20. o ML AE AT 0 ¢ R FEIRAL > A5 0 2008 5 pl8S

30 pofeg & e ER2E P Fo AR A0 19815 p93 -

3l F i b t A B F 0 A N GFEA DAL o #1987 5 p265

320 Lkt AXHR - PR FEIRA > 250 19985 plld -

3300 0 R T AGER Y R FEDRL 22007 5 pl40

4 g o PR AR EREL S L e AR Ao Y MFEFPH

35.

36.

37.

PRI AYFE A

Y

P RE R

pl22 -

e ki B a0 LE PR RA

AP o LA

2 g

Nl

AL A 35 1999 5 p 4l o

FooE R

)‘%" }u_ﬁ%

il T

B =LA b

a FLE Pk AR AL

AUBRAL > A4 % 1988 5 p8l e

dAE > A R

DER AR o R EL dURA >

143

» 1982 5 pl664 -

I

AT ¢ F o AR A5 0 2001 5 pl63 o

% 5 1957 5 p28 -

= » 2009 ;

% 51959 ; pl4d -



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

FoFPH AT KD AP HMTIRAL > 2% 0 19595 p230 -
FoRR AT A P APFHED AL > FiE 5 1989 5 pl06 -
FoWEG T AT A L PE IR < R 2009
p366 ©

oIS HEL S CREY Y EE R MR 019635 p356 -
FoFIEIEATE S F AR TRA S B 1988 p6o4 -
FoRIAR AT REFAFEES (2) 0 FAPFREIRA
a5 1985 p25 o

FoowA S DAL o Foard dak o b 5 1957 5 p8S e
ﬂ@%?ﬁ?&%%ﬁfﬁitﬂga’ﬁmw’&%%im%ﬁ’
A A 0 1993 5 p697 o

PEAR LR RBE IR h ¢ B AR LRGSR
A3 0 1998 5 p469

(PRP X ER%h) BBe 2R T EEwEG P > L At K
Ao A3 0 1996 5 p898 -

TERATE R P E AL o P AP EHRIRAL R 0 1977

(P FAps) miBL R § 07 FApL-d Fap o AafEd iR
Ao A0 1982 5 p380 o

144



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

(P FF)REL A § " RFFFH2F -7 FF - PAPFRNF
dgAk o b s 0 1997 5 p997

PEA R EfeRFEL NEE A 2R Fe e L AL
BAE > AL 0 1988 5 p242 o

RRGE Y REHS P WFFELBDRAL R0 19965 pl663 -
LA TRV S %%?1%{?‘;?%\, > ¥ gﬁg';f dUEAE > A o 1996
p279 -

RIS FULR IR FRERIKH P EFE L APEHR
HETERAL > b & 5 1995 5 p68 -

Rpr FEREL (PEXAL) St g P EAT S -4 0 LiAH
F R iR Bk 0 1999 5 p986 -

Wk~ ek R SHET A ESF YRS Al ¥
% f & » 2000 ; pp264-265 ~ 284 ~ 386-387 ~ 400-401 -

Botstein D, White RL, Skolnick M and Davis RW. Construction of a
genetic linkage in man using restriction fragment length poly- morphisms.
Am J Hum Genet . 1980; 32:314-331.

Yamazaki M, Sato A, Shimomura K et al. Genetic relationship among
Glycyrrhiza plants determinaied by RAPD and RFLP analysis. Biol
Pharm Bull. 1994; 17:1529-1531.

Yamazaki M, Sato A, Saito K et al. Molecular Phylogeny based on RFLP

145



60.

61.

62.

63.

64.

and its erlation with alkaloid patterns in Lupinus plants. Biol Pharm Bull.
1993; 16:1182-1184.

Mizukami H, Shimizu R, Kohda H, Kohjyouma M, Kawanishi F and
Hiraoka N. Restriction fragment length polymorphisms of rDNA and
variation of essential oil composition in Atractylodes plants. Biol Pharm
Bull. 1996; 19:577-580.

Mizukami H, Ohbayashi K, Umetsu K and Hiraoka N. Restriction
fragment length polymorphisms of medicinal plants and drugs. II.
Analysis of Glehnia littoralis of different origin. Biol Pharm Bull. 1993;
16:729-731.

Mizukami H, Ohbayashi K, Kitamura Y and Ikenaga T. Restriction
fragment length polymorphisms (RFLPs) of medicinal plants and crude
drugs. I. RFLP probes allow clear identification of duboisia interspecific
hybrid genotypes in both fresh and dried tissues. Biol. Pharm. Bull. 1993;
16 (4):388-390.

Zhang KY, Leung HW, Yeung HW and Wong RN. Differentiation of
Lycium barbarum from its related Lycium species using random amplified
polymorphic DNA. Planta Med. 2001; 67:379-381.

Kaundun SS and Matsumoto S. Development of CAPS markers based on
three key genes of the phenylpropanoid pathway in Tea, Camellia
sinensis (L.) O. Kuntze, and differentiation between assamica and

sinensis varieties. J Agric Food Chem. 2003;51: 1765-1770.
146



65.

66.

67.

68.

69.

70.

71.

Ha WY, Shaw PC, Liu J, Yau FC and Wang J. Authentication of Panax
ginseng and Panax quinquefolius using amplified fragment length
polymorphism (AFLP) and directed amplification of minisatellite region
DNA (DAMD). J Agric Food Chem. 2002; 50:1871-1875.

Ha WY, Yau FC, But PP, Wang J and Shaw PC. Direct amplification of
length polymorphism analysis differentiates Panax ginseng from P.
quinquefolius. Planta Med. 2001; 67:587-589.

Wang J, Ha WY, Ngan FN, But PP and Shaw PC. Application of
sequence characterized amplified region (SCAR) analysis to authenticate
Panax species and their adulterants. Planta Med. 2001; 67:781-783.

Zhu S, Fushimi H, Cai S and Komatsu K. Species identification from
Ginseng drugs by multiplex amplification refractory mutation system
(MARMS). Planta Med . 2004; 70:189-192.

Hon CC, Chow YC, Zeng FY and Leung FC. Genetic authentication of
ginseng and other traditional Chinese medicine. Acta Pharmacol Sin.
2003; 24:841-846.

Shen J, Ding X, Liu D, Ding G, He J, Li X, Tang F and Chu B.
Intersimple sequence repeats (ISSR) molecular fingerprinting markers for
authenticating populations of Dendrobium officinale Kimura et Migo.
Biol Pharm Bull. 2006; 29:420-422.

Zhang YB, Wang J, Wang ZT, But PP and Shaw PC. DNA microarray for

identification of the herb of Dendrobium species from Chinese medicinal
147



72.

73.

74.

75.

76.

77.

formulations. Planta Med . 2003; 69:1172-1174.

Mori Y, Kitao M, Tomita N and Notomi T. J. Real-time turbidimetry of
LAMP reaction for quantifying template DNA. Biochem Biophys Methods.
2004; 59:145-157.

Yip PY, Chau CF, Mak CY and Kwan HS. DNA methods for identification
of Chinese medicinal materials. Chin Med. 2007;2:9.

Huang CH, Lai GH, Lee MS, Lin WH, Lien YY, Hsueh SC, Kao JY -

Chang WT, Lu TC, Lin WN and Chen HJ. J. Development and evaluation
of a loop-mediated isothermal amplification assay for rapid and simple
detection of Flavobacterium psychrophilum. J Fish Dis. 2009;
32(10):873-88]1.

Imai M, Ninomiya A, Minekawa H, Notomi T, Ishizaki T, Tashiro M and
Odagiri T. Development of HS5-RT-LAMP (loop-mediated isothermal
amplification) system for rapid diagnosis of H5 avian influenza virus
infection. Vaccine. 2006; 24:6679-6682.

Kamachi K, Toyoizumi-Ajisaka H, Toda K, Soeung SC, Sarath S, Nareth Y,
Horiuchi Y, Kojima K, Takahashi M and Arakawa Y. J. Development and
evaluation of a loop-mediated isothermal amplification method for rapid
diagnosis of Bordetella pertussis infection. Clin Microbiol. 2006;
44:1899-1902.

Poon LL, Leung CS, Tashiro M, Chan KH, Wong BW, Yuen KY, Guan Y

and Peiris JS. Rapid detection of the severe acute respiratory syndrome
148



78.

79.

80.

81.

82.

83.

(SARS) coronavirus by a loop-mediated isothermal amplification assay.
Clin Chem. 2004; 50:1050-1052.

Yeh HY, Shoemaker CA and Klesius PH. J. Evaluation of a
loop-mediated isothermal amplification method for rapid detection of
channel catfish Ictalurus punctatus important bacterial pathogen
Edwardsiella ictaluri. Microbiol Methods. 2005; 63:36-44.

Hirayama H, Kageyama S, Takahashi Y, Moriyasu S, Sawai K, Onoe S,
Watanabe K, Kojiya S, Notomi T and Minamihashi A. Rapid sexing of
water buffalo (Bubalus bubalis) embryos using loop-mediated isothermal
amplification. Theriogenology. 2006; 66:1249-1256.

Lee D, La Mura M, Allnutt T, Powell W and Greenland A. J Agric.
Isothermal amplification of genetically modified DNA sequences directly
from plant tissues lowers the barriers to high-throughput and field-based
genotyping. J Agric Food Chem. 2009;57(20): 9400-9402.

Yohei Sasaki. Rapid detection of Panax ginseng by loop-mediated
isothermal amplification and its application to authentication of Ginseng.
Biol Pharm Bull. 2008; 31: 1806-1808.

Baldwin, B.G. Molecular phylogenetics of Calycadenia (Compositae)
based on ITS sequences of nuclear ribosomal DNA: chromosomal and
morphological evolution reexamined. Am J. Bot. 1993; 80: 222-238.

Hon CC, Chow YC, Zeng FY, Leung FC. Genetic authentication of

ginseng and other traditional Chinese medicine. Acta Pharmacol. Sin.
149



2003; 24: 841-846.

84. Pang X, Song J, Zhu Y, Xie C, Chen S. Using DNA barcoding to identify
species with Euphorbiaceae. Planta Med. 2010; 76(15): 1784-6.

85. W. John Kress, Kenneth J. Wurdack, Elizabeth A. Zimmer, Lee A. Weigt
and Daniel H. Janzen. Use of DNA barcodes to identify flowering plants.

Prco. Natl. Acad. Sci. USA. 2005; 102: 8369-8374.

150



e - B AITH B A 2 TS

Ying-Chen Chiang, Wen-Te Chang, Mann-Duan Chen, Guan-Hua

Lai, Hsi-Jien Chen, Jung Chao, Ming-Kuem Lin, Yuan-Shiun Chang,
Yu-Mei Chou, Meng-Shiunn Lee and Meng-Shiou Lee. Rapid
identification of the medicinal plant Taraxacum formosanum and
distinguishing of this plant from its adulterants by ribosomal DNA
internal transcribed spacer (ITS) based DNA barcode. African

Journal of Biotechnology. 2011; 10(24): 4838-4843

Ying-Chen Chiang, Guan-Jhong Huang, Yu-Ling Ho, Po-Chow

Hsieh, Hsiao- Ping Chung, Fong-In Chou, Yuan-Shiun Chang.
Influence of gamma irradiation on microbial load and antioxidative
characteristics of Polygoni Multiflori Radix, Process Biochemistry.
2011; 46: 777-782

Po-Chow Hsieh, Guan-Jhong Huang, Yu-Ling Ho, Yaw-Huei Lin,

Shyh-Shyun Huang, Ying-Chen Chiang, Mu-Chuan Tseng and

Yuan-Shiun Chang. Activities of antioxidants, a-Glucosidase
inhibitors and aldose reductase inhibitors of the aqueous extracts of
four Flemingia species in Taiwan. Botanical Studies, 2010; 51:
293-302

Po-Chou Hsieh, Yu-Ling Ho, Guan-jhong Huang, Ming-Hsing Huang,

Ying-Chen Chiang, Shyh-Shyun Huang, Wen-Chi Hou, Yuan-Shiun

151



Chang. Hepatoprotective effect of the aqueous extract of Flemingia
macrophyll on carbon tetrachloride-induced acute hepatotoxicity in
rats through anti-oxidative activities. American Journal of Chinese
Medicine, 2011; 39(2):349-65.

Tien-Ning Chang, Yu-Ling Ho, Guan-Jhong Huang, Shyh-Shyun

Huang, Chao-Jung Chen, Po-Chow Hsieh, Ying-Chen Chiang and

Yuan-Shiun Chang. Hepatoprotective Effect of Crossostephium
chinensis (L.) Makino in Rats. American Journal of Chinese

Medicine, 2011; 39(3):503-21.

152



Nds B L ITH R S 2 BER G

LE R FRRME  LRE RS L SRR 2 8

IEF HREH DAY U ERLBEL ¢ & ¢ TH
g BEFEAH > 200512/16 -

Wiah ¥ E P ISFTENERAE D B RS
194 ERLRESGEETRIFHE  FRFE S
2005/12/16 - .

Ying-Chen Chiang, Po-Chou Hsieh, Yen-Ling Yu, Meng-Hong Liu,

Yu-Chi Tsai, Hung-Ting Lin, Perng-Haur Wang, I-Hsin Lin,
Ching-Liang Chu, Wen-Te Chang. The Evaluation of Processing
Methods on Polygonum multiflorum Using Metabolomic Approach

and Dentritic Cells Platform. é‘\iigf e %~ 5-2007/12/02 -
AEE A I BHE PSR R E R
BHRAMEHEMA S22 4F LEBZ PR L HFEFEEE
FHMFEA G 0 BT EE 2 2007/12/08 -

Ying-Chen Chiang, Tsung-Chun Lu, Yu-Chi Tsai, Meng-Hong Liu,

Wen-Huang Peng, Ching-Liang Chu, Yuan-Shiun Chang, Wen-Te
Chang. The Establishment of Scientific Standard Procedure for TCM

Materials Processing Using Metabolomic Strategy-The Comparison

153



of Polygonum multiflorum Processing Methods. Plant System

Biology, Symposium Pharmacognosy, IBL, Leiden University,

2008/04/25 -

ISR CEER BOE R ILF TP CER L EAR
g b FEHE g CFEEFE AP FEREF AP HET
L ERLRFR L RTERFR ML MY TS
= > 2008/11/22 -

E LR SEER o BEE Pl FEE IR
BN BB (NG XK N R X)) 2 g VR
TR FERES R LT - 2R oBFT LW
TehHEE EmEE ¢ W F SR 2008/11/22 -

ot ~aEE RER AL HeEF LA FRE
5% X B> Studies on Antiseptic Dose of Gamma Radiation and the

Radiation Effect on Ingredients and Antioxidant Activity of Polygoni

Multiflori Radix. Wfﬁfﬁi‘%%ﬁﬁ,, PHEFELL-EROHBE
FEEELRRAESEHEEE 0 WD FH B 20081122

Feg

cil
g

PN SRR LR E S E PR

5% X B> ! Analgesic and anti-inflammatory activities of the aqueous

extract of Hydrocotyle nepalensis Hook. in mice. & %5 R

154



AFREFL L ERCHEF LI RET ML E
¢ RPFFr 0 2008/11/22 -

10 ~ Ying-Chen Chiang, Hsiu-Ying Lu, Meng-Shiou Lee, Wen-Chien Lu,

Yuan-Shiun Chang and Wen-Te Chang. Discrimination between
dried ginseng rootlet and root from its commercial products using a
metabolomic strategy. Asia Pacific Biochemical Engineering
Conference 2009, Kobe International Conference Center, Port Island,
Kobe, Japan, 2009/11/24~2009/11/28, Journal of Bioscience and
Bioengineering, 2009; 108(Issue S1): 174

11~Ying-Chen Chiang, Mann-Duan Chen, Guan-Hua Lai, Hsi-Jien Chen,

Jung Chao, Wen-Te Chang, Ming-Kuem Lin, Yuan-Shiun Chang,
Yu-Mei Chou, Meng-Shiunn Lee, Meng- Shiou Lee. Rapid
Identification of the Medicinal Plant Taraxacum formosanum from
Its Adulterants by Ribosomal DNA Internal Transcribed Spacer
(ITS)- Primed Polymerase Chain Reaction. The 9" Meeting of the
Consortium for Globalization of Chinese Medicine (CGCM), School
of Chinese Medicine (SCM), Hong Kong Baptist University
(HKBU), 2010/08/23~2010//08/25

12~Ying-Chen Chiang, Mann-Duan Chen, Guan-Hua Lai, Hsi-Jien Chen,

Jung Chao, Wen-Te Chang, Ming-Kuem Lin, Yuan-Shiun Chang,

Yu-Mei Chou, Meng-Shiunn Lee, Meng- Shiou Lee. Rapid

155



Authentication of the Medicinal Plant Taraxacum formosanum and
Distinguishing of this Plant from Its Adulterants by Loop-Mediated
Isothermal Amplification. % = -7 & X REH € » W2 0%
4 1% = 4> 2010/11/5~2010/11/7

13 ~ Ying-Chen Chiang, Mann-Duan Chen , Guan-Hua Lai, Hsi-Jien

Chen, Wen-Te Chang, Ming-Kuem Lin, Yuan-Shiun Chang,
Meng-Shiunn Lee, Meng-Shiou Lee. Rapid Identification of the
Medicinal Plant Fallopia  multiflora and Distinguishing of this
Plant from Its Adulterants by Ribosomal DNA Internal Transcribed

Spacer (ITS) Based DNA Barcode, ¢ # %5 ¢ £ ¢ F5 jivr3t ¢,

ol k- S T %51‘%“ M e kT < 0 2010/12/11

156



Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

Volume 48, Issua 3, March 2011 ISEN 1350-5113

PROCESS
BIOCHEMISTRY

ST AR

WWW.ELSEVIER.COM/LOCATE/PROCBIO

This article appeared ina journal published by Elsevier. The attached

copy is furnished to the author for internal hon-commercial research

and education use, including for instruction at the authors institution
and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright


http://www.elsevier.com/copyright

Process Biochemistry 46 (2011) 777-782

Contents lists available at ScienceDirect

Process Biochemistry

journal homepage: www.elsevier.com/locate/procbio

Influence of gamma irradiation on microbial load and antioxidative
characteristics of Polygoni Multiflori Radix

Ying-Chen Chiang®', Guan-Jhong Huang®', Yu-Ling HoP, Po-Chow Hsieh?, Hsiao-Ping Chung®,
Fong-In Chou®¢, Yuan-Shiun Chang?®*

2 Institute of Chinese Pharmaceutical Sciences, China Medical University, Taichung, Taiwan

b Department of Nursing, Hung Kuang University, Taichung, Taiwan
¢ Nuclear Science and Technology Development Center, National Tsing Hua University, Hsinchu, Taiwan

ARTICLE INFO ABSTRACT

Article history:

Received 9 June 2010
Received in revised form

29 November 2010
Accepted 13 December 2010

Gamma radiation is a physical process commonly used for the eradication of microorganisms distributed
in food ingredients, medicinal plants and other bioresearches. The aim of this study was to investigate the
effect of radiation dosage on the microbial load, chemical compounds and antioxidative characteristics of
Polygoni Multiflori Radix (POMU). Ten commercial POMUSs were purchased from different herbal markets
and treated with 2 kGy, 4 kGy, 6 kGy, 8 kGy and 10 kGy gamma radiation doses to evaluate the microbial
burdens of irradiated and unirradiated POMUs.

Our results confirmed that 2 kGy was sufficient for the inactivation of enterobacteria; at 4 kGy, mold
and yeast counts were obviously reduced; and at 6 kGy, neither yeasts nor fungi were observed any
longer.

The antioxidative effects and major antioxidant components of 0 kKGy, 5 kGy, 10 kGy and 15 kGy irradi-
ated POMU samples were also examined. Our results confirmed that 5 kGy irradiated POMU had both the
highest antioxidative activity and lowest value in ICso of DPPH radical-scavenging activity. The content
of total phenols had no statistically significant changes. Therefore gamma irradiation at 5 kGy could be
a potential method for decontaminate the microbial load of POMU to prolong shelf life and to improve
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Antioxidation

hygienic quality.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Herbs quite commonly harbor large quantities of bacteria, fungi
and spoilage-inducing organisms [1]. The most common bacteria
are aerobic sporeformers, such as Bacillus and Salmonella species
[2-4]. Today, three major methods are in use for the antisepsis of
herbs, namely steam, fumigation (ethylene oxide and propylene
oxide) and irradiation [5]. However, steam degrades light-weight
leafy herbs, and ground products are difficult and sometimes
impossible to handle in the steam system [5-8]. As for ethylene
oxide gas, such disinfection method has been banned in the Euro-
pean Union and many other countries [9]. Gamma radiation within
3-10kGy proved to be a viable alternative to fumigation or steam
to ensure the hygienic quality of herbs; and there has been a steady

* Corresponding author at: Institute of Chinese Pharmaceutical Sciences, Col-
lege of Pharmacy, China Medical University, 91 Hsueh-Shih Road, Taichung 40402,
Taiwan. Tel.: +886 4 22030380; fax: +886 4 22083362.
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increase of radiation utilization in the last 10 years after the banning
of ethylene oxide [1,10-12].

According to the standards established by World Health Orga-
nization (WHO) [13], most untreated herbs, harvested and handled
under hygienic conditions and tested by appropriate methods
of sampling and examination, should contain no more than
1 x 10% bacteria cfu/g. However, there are no literatures available
on POMU regarding its variance in microbial burdens and chemical
contents due to different doses of irradiation, especially when high
doses (up to 15 kGy) are employed.

Polygoni Multiflori Radix (POMU), “He Shou Wu” in Chinese,
is the dried root of Polygonum multiflorum Thunb. (Polygonaceae).
It is an herb that has been used in traditional Chinese medicine
for the treatment of liver diseases, anemia, and hypopigmen-
tary skin diseases, as well as for the prevention of hair-graying
and other diseases associated with aging. POMU also counteracts
toxicity, cures carbuncles and relaxes the bowels whereas pro-
cessed POMU replenishes the liver and kidney with vital essence
and blood, blackens the hair and strengthens the tendons and
bones [14]. 2,3,5,4'-Tetra-hydroxystilbene-2-O-glucoside (THSG),
a water-soluble active component extracted from dried tuberous
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root of POMU, can promote the release of nitric oxide (NO) from
vascular endothelial cells and has a strong antioxidative effect [15].
Structurally, THSG belongs to hydroxystilbene, and its structure
is similar to that of resveratrol in red wine which has significant
protective effects on myocardial ischemia-reperfusion injury.

The present work was mainly undertaken to investigate the
effect of different doses of gamma radiation on the elimination of
microbes; whether they bring about any changes in the antioxi-
dants composition of POMU and to find the lowest possible effective
radiation dosage for POMU.

2. Materials and methods
2.1. Materials

BHT, GSH, potassium peroxodisulfate (K,S,0s), 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH), Tris (hydroxylmethyl) aminomethane, trypsin, potassium ferri-
cyanide (Ks;Fe(CN)g), TCA, ferric chloride (FeCls), catechin, MTT, aluminum chloride
hexahydrate (AlCl;-6H,0), rutin, 2,2’-azinobis-(3-ethylbenzothiazoline)-6-sulfonic
acid (ABTS), sodium bicarbonate (Na,COs3), sodium phosphate dibasic (Na;HPOy),
sodium phosphate monobasic (NaH;PO4) and other chemicals were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Folin-Ciocalteu solution and 95% ethanol
were purchased from Merck Co. (Santa Ana, CA, USA). THSG was purchased from
the National Institute for the Control of Pharmaceutical and Biological Products.

2.2. Sampling and irradiation of Polygoni Multiflori Radix

Ten samples of Polygoni Multiflori Radix were all used in this manuscript.
The samples were purchased from eight traditional Chinese medicine importers,
one manufactory and one Chinese drugstore, of which all herbs originated from
Mainland China. POMU was packaged as 15 g samples in PVC (poly-vinyl chloride)
containers for irradiation. Gamma irradiation was performed at National Tsing Hua
University according to the method of Wen et al. with slight changes [16]. Samples
were placed on a hot cell stand and irradiated with cobalt-60 at room temperature.
The irradiated stand rotated 10 rounds per minute to ensure a well-distribution of
radiation applied to each sample. The samples were treated for various time inter-
vals in order to achieve absorbed doses of 2, 4, 6, 8 and 10 kGy. Additional samples
were treated with 5, 10 and 15 kGy of gamma radiation in the same way to evaluate
any changes in antioxidant activities and active compounds. The absorbed dose was
measured with silver dichromate dosimeter [17].

2.3. Enumeration of microbes

The microbial contents of POMU samples were measured immediately after
irradiation. Direct observation and spread plate method were applied for the quan-
tification of microorganisms [18]. The solid culture media used in this study included
plate count agar (PCA; Difico, Detroit, USA), potato dextrose agar (PDA; Difico,
Detroit, USA) and violet red bile glucose agar (VRBGA; Difico, Detroit, USA), and the
liquid culture medium used in this experiment was plate count broth (PCB, Difico,
Detroit, USA).

Appropriate dilutions of the homogenates with PBS were spread and plated onto
PCA culture plates for total aerobic bacterial enumeration. Molds and yeasts were
enumerated by the spread plate method using PDA. Each sample was examined
on violet red bile glucose agar (VRBGA, Difico, Detroit, USA) to determine the total
number of Enterobacteriaceae bacteria. Counts were recorded in colony forming units
(cfu/g). The presented data was the average count in three petri dishes for each
diluted suspension [16].

2.4. Preparation of the methanol extract of Polygoni Multiflori Radix

The POMU sample which purchased from traditional Chinese medicine importer
was treated with different gamma radiation doses (0 kGy, 5 kGy, 10 kGy and 15 kGy)
and macerated with methanol for 24 h at room temperature. Filtration and collec-
tion of the extracts were done three times. The methanol extracts were dried in
vacuum at 40°C. The dried extracts were weighed and dissolved in methanol (stock
10mg/mL) and stored in —20°C for further use.

2.5. Determination of antioxidant activity by ABTS**

ABTS** scavenging ability was determined according to the method of Chang
et al. [19]. Aqueous solution of ABTS (7 mM) was oxidized with potassium per-
oxodisulfate (2.45mM) for 16h in the dark at room temperature. The ABTS**
solution was diluted with 95% ethanol to an absorbance of 0.75+0.05 at 734nm
(Beckman UV-vis spectrophotometer, Model DU640B). An aliquot (20 pL) of each
sample (125 pg/mL) was mixed with 180 wL ABTS** solution and the absorbance
was read at 734 nm after 1 min. Trolox was used as the reference standard. A stan-
dard curve was constructed for Trolox at 0, 15.625, 31.25, 62.5, 125, 250, 500 uM

concentrations. TEAC was expressed as millimolar concentration of Trolox solu-
tion with the antioxidant equivalent to a 1000 ppm solution of the sample under
investigation.

2.6. Determination of antioxidant activity by DPPH radical scavenging ability

The effect of crude extracts and positive controls (GSH and BHT) on DPPH rad-
icals was estimated according to the method of Huang et al. [20]. 20 wL of sample
extract was mixed with 100 mM Tris-HCl buffer (80 wL, pH 7.4) and 100 p.L of DPPH
in ethanol to a final concentration of 250 wM. The mixture was shaken vigorously
and left to stand at room temperature for 20 min in the dark. The absorbance of the
reaction solution was measured spectrophotometrically at 517 nm. The percentage
of DPPH decolorization was calculated according to the equation: % decoloriza-
tion =[1 — (ABSsampie/ABScontro1)] x 100. ICsq value is the effective concentration by
which 50% of DPPH radicals are scavenged and was obtained by interpolation with
linear regression analysis. A lower IC5q value indicated a greater antioxidant activity.

2.7. Determination of antioxidant activity by reducing power measurement

The reducing power of the crude extracts and BHT was determined according to
the method of Yen and Chen [21]. POMU samples (0, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL)
and BHT were each mixed with an equal volume of 0.2M phosphate buffer, pH
6.6, and 1% potassium ferricyanide. The mixture was incubated at 50°C for 20 min,
during which time ferricyanide was reduced to ferrocyanide. Then an equal volume
of 1% trichloroacetic acid was added to the mixture before centrifugation at 6000 x g
for 10 min. The upper layer of the solution was mixed with distilled water and 0.1%
FeCl; at aratio of 1:1:2, then the absorbance was measured at 700 nm to determine
the amount of ferric ferrocyanide (Prussian Blue) formed. Increased absorbance of
the reaction mixture indicated increased reducing power of the sample.

2.8. Determination of total polyphenol content

The total polyphenol content of the crude extracts was determined according
to the method of Huang et al. [22]. 20 pL of sample extract (125 pg/mL) was added
to 200 L distilled water and 40 wL of Folin-Ciocalteu reagent. The mixture was
allowed to stand at room temperature for 5min, and then 40 pL of 20% sodium
carbonate was added to the mixture. The resulting blue complex was measured at
680 nm. (+)-Catechin was used as standard for the calibration curve. The polyphenol
content was calibrated using a linear equation based on the calibration curve. The
total polyphenol content was expressed as pg (+)-catechinequiv./mg dry weight
(g CE/mg). The dry weight indicated was the sample dry weight.

2.9. Determination of total flavonoid content

The total flavonoid content of the crude extracts was determined according to
the method of Huang et al. [22]. 1.5 mL aliquot of each extract was added to an equal
volume of 2% AlCl3-6H,0 (2 g in 100 mL methanol) solution. The mixture was vig-
orously shaken, and the absorbance at 430 nm was read after 10 min of incubation.
Rutin was used as the standard for the calibration curve. The total flavonoid con-
tent was calibrated using a linear equation based on the calibration curve. The total
flavonoid content was expressed as pg rutin equiv./mgdry weight (g RE/mg). The
dry weight indicated was the sample dry weight.

2.10. Determination of total flavonol content

The total flavonol content of the crude extracts was determined according to the
method of Chang et al. [23]. 200 p.L of sample extract was added to 1 mL of 0.1% p-
dimethylaminocinnamaldehyde (DMACA) in methanol/HCl (3:1, v/v). The mixture
was vigorously shaken, and the absorbance was read after 10 min of incubation
at 640 nm. (+)-Catechin was used as standard for the calibration curve. The total
flavonol content was calibrated using a linear equation based on the calibration
curve, and expressed as g (+)-catechin equiv./mg dry weight (g CE/mg).

2.11. Analyses of THSG by HPLC

Moderate amount of the methanol extracts from POMU was weighed and dis-
solved in methanol. At first, the solutions were filtered through 0.45 wm PVDF filters.
HPLC (Waters 2695 separations module; detector: Waters 996 photodiode array
detector) analysis was carried out under the following conditions: Waters XTerra
RP18 column (5 wm, 4.6 mm x 250 mm) was used with deioned water as mobile
phase A, and acetonitrile was used as mobile phase B; in a ratio of 25:75 and ran for
30min at a flow rate of 0.6 mL/min. The injection volume was 10 pL, and a wave-
length of 320 nm was used for detection. THSG was also analyzed by HPLC under
the same conditions, and the retention time was used to identify THSG contents in
the samples.

2.12. Statistical analyses

Experimental results were presented as the mean + standard deviation (SD)
of three parallel measurements. Statistical analyses were performed by one-way
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Table 1
Effect of gamma irradiation on the microbial count (CFU/g + SD) of Polygoni Multiflori Radix samples.
Sample no. Irradiation dose (kGy)
0 2 4 6 8
1
T2 (1.2+£0.4)x 103 (1.3+0.4)x 10? (5.0+0.6) x 10! NDP ND
Me (6.2+0.7) x 10? (4.04£0.6) x 10! (2.0+£0.3)x 10! ND ND
E/Pad ND ND ND ND ND
2
T (2.1+£0.3) x 10? (2.0£0.4) x 10! (2.0+£0.5)x 10! ND ND
M (1.7 +0.4) x 10? ND ND ND ND
E/Pa ND ND ND ND ND
3
T (5.1+0.9) x 10? (7.0+£1.4)x 10! ND ND ND
M (1.34£0.3) x10? (2.0+0.4)x 10! (1.0+0.2) x 10! ND ND
E/Pa ND ND ND ND ND
4
T (2.94+0.3)x 10° (3.5+0.5) x 10? (6.9+1.1)x 10! ND ND
M (4.5+0.4)x 10! (1.940.3) x 10! (1.0£0.2) x 10! ND ND
E/Pa ND ND ND ND ND
5
T (6.5+1.2)x 10! (4.04£0.7) x 10! (2.5+0.3)x 10! ND ND
M (5.0+0.8) x 10! (2.54+0.2) x 10! (1.5+0.3) x 10! ND ND
E/Pa ND ND ND ND ND
6
T (3.0+0.4) x 10? (7.54+0.5) x 10! (1.5+0.2) x 10! ND ND
M (5.0+0.9) x 10! (1.54+0.4) x 10! ND ND ND
E/Pa (1.0+04) x 10! ND ND ND ND
7
T (5.040.5) x 10! ND ND ND ND
M (2.54+0.4) x 10! (1.5+£0.2) x 10" (1.0+£0.2) x 10! ND ND
E/Pa ND ND ND ND ND
8
T (1.5+0.3) x 10? (5.0+£0.5)x 10! ND ND ND
M (5.0+1.3) x 10! (2.0£0.3)x 10! ND ND ND
E/Pa ND ND ND ND ND
9
T (5.0+0.7) x 10! (3.0+£0.4) x 10! (2.0+£0.3)x 10! ND ND
M (5.0+0.3) x 10! (2.0+0.3)x 10! ND ND ND
E/Pa ND ND ND ND ND
10
T (2.6 +0.4) x 10? (5.0+0.6) x 10! (3.0+0.3) x 10! (2.0+0.2)x 10! ND
M (5.0+£0.5) x 10! (2.0+£0.3)x 10" ND ND ND
E/Pa ND ND ND ND ND

2 T: Total aerobic microbes.

b ND: No microbe detected on plates.

¢ M: Molds.

d E: Enterobacteriaceae; Pa: Pseudomonas aeruginosa.

ANOVA, followed by Dunnett’s t test. The difference was considered to be statistically
significant when p value was less than 0.05.

3. Results

3.1. Effect of gamma irradiation on the microbial burden of
Polygoni Multiflori Radix

The microbial loads in POMU specimens of different origins were
analyzed immediately after irradiation by the spread plate method.
The viability of microorganisms in POMU specimens irradiated with
different gamma-ray doses of 0, 2, 4, 6, 8 and 10kGy are shown
in Table 1. POMU specimens contained total mesophilic bacterial
counts of 5.0 x 10! to 2.9 x 103 cfu/g, and mold and yeast counts of
1.0 x 10! t0 6.2 x 102 cfu/g. Total bacterial counts were much higher
than the mold and yeast counts in all examined samples. Enter-
obacteria were also found in one of the ten POMU specimens, and
ranged from not detected to 1.0 x 10! cfu/g. Although the micro-
bial profiles of specimens from different sources varied markedly,

following irradiation at 2 kGy, enterobacteria were inactivated; at
4kGy, mold and yeast counts were obviously reduced; and yeast
and fungi were no longer observed in POMU specimens after irradi-
ation at 6 kGy. As the radiation dosage increased, microbial profiles
in the POMU specimens changed dramatically; the microbial counts
decreased as the irradiation dose increased.

3.2. Detecting changes in antioxidant activity after gamma
irradiation by ABTS assay

ABTS assay is often used for the evaluation of total antioxidant
power of single compounds and complex mixtures of various plants
[24]. In this assay, ABTS radical monocation was generated directly
in stable form from potassium peroxodisulfate. Radicals were gen-
erated before antioxidants were added; this modification made
the assay less susceptible to interruptions and prevented overes-
timation of antioxidant power [25]. The sample was added to the
reaction medium when stable absorbance was obtained, and the
antioxidant activity was measured in terms of decolorization.
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Table 2
Total antioxidant activity assessed by TEAC.

Samples and positive control TEAC (M Trolox/mg + SD)

0KGy 52.08 + 0.79
5kGy 63.62 + 0.84
10KkGy 59.77 + 1.03
15KGy 55.92 + 0.80
THSG 1871.53 + 15.38
BHT 1869.41 + 34.63
GSH 1827.68 + 76.84

" All values are expressed as mean=S.D. of triplicate tests (n=3). Values rep-
resented mean +S.D. of three parallel measurements (p <0.05) when analyzed by
ANOVA and Ducan’s multiple-range tests.

The results of ABTS assay were expressed in TEAC val-
ues. A higher TEAC value meant that the sample had a
stronger antioxidant activity. TEAC values determined from
the calibration curve for POMU are shown in Table 2. Antiox-
idant activities of the POMU extracts were in the following
decreasing order: 5kGy (63.62+0.84 uM/mg extract)>10KkGy
(59.77 £1.03 pM/mg  extract)>15kGy  (55.9240.80 puM/mg
extract)>0kGy (52.08+0.79 wM/mg extract). The antioxidant
potency of THSG (positive control) was 1871.53 +£15.38 uM/mg
extract.

ABTS assay was used to estimate the total antioxidant power
because it is quick and simple to perform, and reactions are
reproducible and linearly related to the molar concentration of
antioxidants [26]. Furthermore it can also be used to measure the
antioxidant capacity of a wide range of biological samples, pure
compounds, fruits, wines, and animal tissues [27].

3.3. Detecting the effect of gamma irradiation on antioxidant
activity by DPPH assay

The relatively stable organic radical DPPH is widely used in
modeling systems to investigate the scavenging activity of several
natural compounds, such as phenolics and anthocyanins, or crude
mixtures. DPPH radical is scavenged by antioxidants through the
donation of a proton to form reduced DPPH. The color changes
from purple to yellow after reduction, and can be quantified by
the decrease in absorbance at wavelength 517 nm. Table 3 shows
ICs values for the radical-scavenging activities of POMU, THSG,
and BHT using the DPPH colorimetric method. It was found that
0kGy had the lowest IC5¢ value (513.04+0.01 pg/mL), followed
by 5kGy (514.28 +0.01 pwg/mL), 10kGy (526.79 +0.01 p.g/mL) and
15kGy (546.03 +£0.02 pg/mL). The four extracts showed significant
differences (p <0.05) in radical-scavenging activity. As shown from
the above results, the sample without any treatment of gamma
radiation (0 kGy) had the highest DPPH radical scavenging activity.
However, its capacity was still much lower compared to the positive
controls of BHT and THSG (41.06 +£0.76 and 37.51 £0.31 pg/mL).

Table 3

ICso values of the DPPH radical scavenging activities of the methanol extracts of
Polygoni Multiflori Radix that had been irradiated with different dosages of gamma
ray.

The dosage of gamma radiation ICso (pg/mL)’

0kGy 513.04 + 0.01
5kGy 514.28 + 0.01
10kGy 526.79 + 0.01
15kGy 546.03 + 0.02
THSG 37.51 £ 0.31
BHT 41.06 + 0.76

" Values represented mean + S.D. of three parallel measurements (p <0.05).

Table 4
Total polyphenol, flavonoid and flavonol contents of the methanol extracts of Poly-
goni Multiflori Radix that had been exposed to different doses of gamma radiation.

Dose of gamma  Total polyphenols Total flavonoids Total flavonols

radiation (ng CE/mg)° (g RE/mg)© (g CE/mg)®
0kGy 27.84 + 0.06 6.99 + 0.02 574 + 027
5kGy 28.21 + 0.02 7.14 + 0.04 5.78 + 0.06
10kGy 27.77 £ 0.01 7.01 + 0.03 5.79 + 0.03
15kGy 26.82 + 0.01 5.12 + 0.02¢ 5.71 + 0.07

2 Values represented mean + S.D. of three parallel measurements.

b Data expressed in wg (+)-catechin equiv./mg dry weight (g CE/mg).
¢ Data expressed in pg rutin equiv./mg dry weight (j.g RE/mg).

4 Values significantly differing from others at 5%.

3.4. Detecting changes in antioxidant activity after gamma
irradiation by reducing power measurement

We investigated Fe3*—Fe2* transformation in POMU samples for
the measurement of their reducing capacity. The reducing capacity
of a compound may serve as an important indicator of its poten-
tial antioxidant activity [28]. The antioxidant activity of putative
antioxidants have been attributed to various mechanisms, such
as prevention of chain initiation, binding of transition metal ion
catalysts, decomposition of peroxides, prevention of continued
hydrogen abstraction, and radical scavenging [29]. In this assay,
potassium ferricyanide was added to POMU samples and positive
controls of THSG and BHT for the determination of any changes
in reducing power after gamma irradiation. The mixtures were
allowed to incubate during which time ferricyanide was reduced
to ferrocyanide.

The reducing power was measured in terms of absorbance
of the reaction mixtures at 700nm. A higher absorbance indi-
cated a stronger reducing power, vice versa. The reducing powers
of the samples were in the following decreasing order: 0kGy
(0.79£0.02)>5kGy (0.55+0.02)>10kGy (0.52+0.01)>15kGy
(0.46 £0.01) at the dose of 1 mg/mL of POMU. The reducing pow-
ers of THSG and BHT were 1.98 + 0.04 and 1.30 & 0.02 respectively
(data not shown).

3.5. Effect of gamma irradiation on total polyphenol, flavonoid,
and flavonol contents

The total polyphenol, total flavonoid, and total flavonol contents
of POMU are shown in Table 4. The total polyphenol content of
POMU extracts ranged from 26.82 to 28.21 wg CE/mg. 0 kGy was
27.84, 5 kGy was 28.21, 10 kGy was 27.77 and 15 kGy was 26.82 g
CE/mg. 5 kGy had the highest polyphenolic content and 15 kGy was
the lowest.

The total flavonoid content was expressed as
pgrutinequiv./mgdry weight, and ranged from 7.14 to
5.12 g RE/mg.0 kGy was 6.99, 5kGy was 7.14, 10kGy was 7.01
and 15kGy was 5.12 pg RE/mg. 5kGy had the highest flavonoid
content. 15kGy was the lowest and significant different from
others.

The total flavonol content was  expressed as
g catechinequiv./mg dry weight. The total flavonol content
of POMU extracts varied slightly and ranged from 5.79 to 5.71 ug
CE/mg.

Both flavonoids and flavonols are polyphenolic compounds.
Polyphenolic compounds have important roles in stabilizing lipid
oxidation and are associated with antioxidant activities [30]. Phe-
nolic compounds may contribute directly to antioxidative actions
[19].1tis suggested that when as much as 1.0 g of polyphenolic com-
pounds is ingested from a daily diet rich in fruits and vegetables,
there may be inhibitory effect on mutagenesis and carcinogen-
esis in humans [31]. The antioxidative activities observed could
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be ascribed both to variant mechanisms exerted by different phe-
nolic compounds and to their synergistic effects. The antioxidant
assays used in this study measured the oxidative products at the
early and final stages of oxidation. Antioxidants have different func-
tional properties, such as reactive oxygen species scavenging, e.g.
quercetin, rutin, and catechin [32]; and inhibition of free radi-
cal generation and chain-breaking activity, e.g. p-coumaric acids
[33] and metal chelation [34]. These compounds are normally
phenolic compounds, which are effective proton donors, such as
tocopherols, flavonoids and other organic acids. However, the com-
ponents responsible for the antioxidative activity of POMU are still
currently unclear.

3.6. Compositional changes of Polygoni Multiflori Radix after
gamma irradiation

The effect of different doses of gamma radiation on the
compositional changes of POMU was assessed. Quantitative anal-
yses of POMU were conducted with HPLC-UV. THSG content of
unirradiated and irradiated POMU was quantified based on a pre-
viously constructed HPLC-UV calibration curve for THSG standard
(R2=0.996). The content ranged from 2.13 to 3.05mg/g of dry
weight (DW) for unirradiated or irradiated POMU. Irradiation treat-
ment resulted in significant changes in THSG content at different
doses.

In this database, THSG showed statistically significant decreases
from 3.05mg/g (0kGy, p<0.05) to 2.60mg/g after 5kGy of irra-
diation (p<0.05), 2.50mg/g at 10kGy (p<0.05) and 2.13 mg/g at
15kGy (p<0.01) (Fig. 1; N=3). Therefore, it was indicated that
gamma irradiation caused damage to THSG content in POMU.

4. Discussion

POMU has long been used as a medicinal herb in Asia. Insect
infestation and microbial contamination are serious problems for
POMU storage. Gamma irradiation is able to penetrate deeply, and
has been found to be useful for the hygienization of herbal prod-
ucts even when they are already in packages or sacks. The choice
of a suitable radiation dosage is particularly important for decon-
taminate the microbial load of stored POMU. In this research, the
optimal dosage for the inactivation of microorganisms in POMU
was evaluated.

2kGy was sufficient for the hygienization of enterobacteria,
whereas a dosage of 6 kGy was required for the hygienization of
yeasts and fungi. Since the dosage required removing microbial
contamination is higher than that required killing insects, insects
would be killed at the same time [35].

Our results confirmed that at the dose of 4 kGy, mold and yeast
counts were obviously reduced; and at 6 kGy, neither yeasts nor
fungi were observed any longer in POMU specimens. Thus in our
research, it was demonstrated that 4-6 kGy of treatment was effec-
tive for the inactivation of microorganisms and 8 kGy treatment
could induce complete inactivation.

Phenols are regarded as main contributors to antioxidant
activities, the measurements are based on radical scavenging.
Antioxidant capacity depends on various factors, such as the num-
ber and location of hydroxyl groups on the aromatic ring, as well as
their mutual positions [36]. Our results demonstrated that the irra-
diation dosage on POMU (5 kGy, 63.62 +0.84 wM/mg extract) had
both the highest antioxidative activity and the lowest value in ICsq
of DPPH radical-scavenging activity, and as expected, an increase
of radiolytic products, which agreed with literary reports for other
foods and medicines. In this study, 5kGy +y-irradiation increased
radiolytic products of POMU; however it seemed to increase the
antioxidant effect of POMU in the ABTS assay.

3.5 1

3.0 1

2.5 1

2.0 1

THSG mg/g

0 kGy 5 kGy

10 kGy 15 kGy

Dosages of Gamma Irradiation

Fig.1. Quantitation of THSG contents in the methanol extracts of Polygoni Multiflori
Radix by HPLC.

The content of total phenols, expressed as g (+)-
catechin equiv./mg dry weight value, did not vary distinctively in
irradiated POMU samples. The values were slightly lower; however
variations were not statistically significant (Table 4). THSG content
of POMU had decreased as the y-radiation increased (Fig. 1). How-
ever, the total phenolic compounds and antioxidative activities
were increased, probably because other phenolic compounds were
formed during irradiation. It has to be mentioned that irradiation
of aqueous systems containing aromatic compounds can implicate
the formation of phenols.

5. Conclusion

The results of this study indicated that 5 kGy of gamma irradia-
tion was effective for the hygienization of POMU. It did not alter the
appearance of POMU before and after gamma irradiation. Though,
after 5kGy of irradiation, some physicochemical properties were
slightly changed or compensated for the improved hygiene of this
medicinal herb, such as the decrease in THSG content. However,
the total phenolic compounds and antioxidative activities were
increased. Therefore gamma irradiation at 5 kGy could be a poten-
tial method for decontaminate the microbial load of POMU to
prolong shelf life and improve hygienic quality.
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Original identification of medicinal plants is essential for quality control. In this study, the internal
transcribed spacer 2 (ITS2) nuclear ribosomal DNA served as a DNA barcode and was amplified by
allele-specific PCR. This approach was exploited to differentiate Taraxacum formosanum from five
related adulterants. Using a set of designed PCR primers, a highly specific 223 bp PCR product of T.
formosanum was successfully amplified by PCR. However, no similar DNA fragment was amplified from
any of the other adulterants. This indicates that, our allele specific primers have high specificity and can
accurately discriminate T. formosanum from its adulterant plants.

Key words: Medicinal plant, polymerase chain reaction (PCR), authentication, Taraxacum formosanum,
traditional Chinese medicinal, internal transcribed spacers 2 (ITS2).

INTRODUCTION

Taraxacum formosanum (TF) kitamura is a traditional
Chinese medicine used in Taiwan and China. A whole
plant extract of Taraxacum, commonly also known as herbal
tea, is a popular folk drink and has a number of functional
ingredients. It is traditionally used by herbalists and doc-
tors for the treatment of boils, sores, inflammation of the
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eye, urethral infection, lung and breast abscesses, acute
appendicitis and jaundice (Li et al., 1992). Taraxacum has
been found to have antibacterial, antifungal, antileptospiral
and antiviral effects, all of which have been reported by
previous studies (Li et al., 1992; Ou et al., 1994; Zhao et
al., 2006).

Taraxacum officinale, Ixeridium laevigatum, Youngia
japonica, Ixeris chinensis and Emilia sonchifolia var.
javanica are very commonly misused in place of T
formosanum, because they have very similar morphological
characteristics or because some of the key diagnostic
features have been removed during processing. Espe-
cially, there is a high risk of exchange of TF specimens
with its adulterants in the herbal medicine market (Cao et



al., 1997; Tong et al., 1999; Yuan et al., 2001; Zhao et
al.,2006). A histological approach using microscopy
together with chemical profiling by high  pressure
liquid chromatography (HPLC) is often used to authen-
ticate TF and identify its adulterants and these
approaches have been documented in a previous study
(Committee of Chinese Medicine and Pharmacy, 2002).
However, environmental and other factors such as
growth, harvest time and storage condition can affect the
morphological features and chemical composition of T.
formosanum. This can result in difficulties when
discriminating the various species (Zhang et al., 2007).
Various DNA based methods for plant identification have
been developed, for instance, random amplified
polymorphic DNA (RAPD) analysis, polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP), amplified fragment length polymorphism (AFLP)
and authentication by sequencing of ITS regions (Zhang
et al., 2001; Ha et al., 2002; Ding et al., 2002; Kaundun et
al., 2003). Identi-fication at a DNA level has a number of
advantages. These include higher effectivity, sensitivity,
reliability and easy standardization when compared with
other more conventional methods.DNA barcoding using a
highly variable DNA region is a powerful technique when
employed to distinguish organisms or species (Chaseb et
al., 2005). The ITS of nuclear ribosomal DNA (nrDNA)
and some non-coding or coding regions of plastid
genomes such as rbcL, matK, ropC1, ycfs and psbA-trnH
have been widely used as barcode candidates for plant
species identification (Hon et al., 2003; Kress et al., 2005;
Pang et al., 2010). Up to this day, a few molecular DNA
techniques, such as RAPD analysis and PCR-RFLP have
been used to identify or authenticate TF and these have
allowed this plant to be distinguished from its common
misused adulterants (Cao et al., 1997; Yuan et al., 2007).
None-theless, the RADP and RFLP approaches still have
some disadvantages, such as their low reproducibility
and a complex and time-consuming procedure.

The aim of this study was to employ the highly specific
ITS regions of TF as a DNA barcode for developing an
allele-specific primer set that would allow the rapid
identification of TF from its adulterants. This successfully
established ITS-based PCR approach is more convenient
than other molecular methods and using this approach
will make it feasible to create an identification kit for TF
and its adulterants in the future. The DNA barcoding
methodology described in this study is the first available
for the identification of TF.

MATERIALS AND METHODS
Plant source

Plants samples of T. formosanum, T. officinale, I. laevigatum, Y.
japonica, I. chinensis and E. sonchifolia var. javanica, were
collected from the China Medical University (CMU) medicinal plant
garden (Taichung, Taiwan) and were identified by Associate
Professor Chao-Lin Kuo of the CMU. The plant voucher specimens

Chiang et al. 4839

were deposited at the School of Chinese Medicine Resources
(SCMR) of CMU.

DNA extraction from plants

Dried leaves of T. formosanum, T. officinale, I. laevigatum, Y.
japonica, I. chinensis and E. sonchifolia var. javanica, were
collected and ground with liquid nitrogen into powder. Total DNA
from each plant was extracted from the homogenized plant tissue
by the Geneaid genomic extraction mini kit (Geneaid, Taipei,
Taiwan) according to the manufacturer’s instructions (Huang et al.,
2010). The concentration of total plant DNA obtained was
determined by spectrophotometer (NanoVue™, GE Healthcare,
USA), and then the samples were stored at -20°C until required.

Internal transcribed spacer (ITS) sequence alignment and
design of the primers

For sequence alignment, the ITS regions of T. formosanum, T.
officinale, I. laevigatum, Y. japonica, I. chinensis and E. sonchifolia
var. javanica, were identified by BLAST and subjected to multiple-
wised sequence alignment. The GenBank accession numbers of T.
formosanum, T. officinale, I. laevigatum, Y. japonica, I. chinensis
and E. sonchifolia var. javanica used in this study were AY862577,
AY862576, AY862582, AY862580, AY862578 and EU057987,
respectively. Sequence alignment was carried out by Clustal W2
(http://www.ebi.ac.uk/clustalw/index.html) (Li, 2003). Oligonucleotide
primers for PCR, F3-TF (5-GCGTCGCCCCCCATCATAG-3') and B3-
TF (5-GGTCGAAGCATCATCCTAAG-3), were designed based on
the intraspecific variation and interspecific divergence of the aligned
sequence of the ITS2 within T. formosanum and its adulterants. The
sequence and the target positions of the primers are shown in
Figure 1.

Determination of intraspecific variation of internal transcribed
spacer (ITS)

The intraspecific variation was determined by calculating the ratio of
numbers of aligned different nucleotides base pairs to total aligned
nucleotide base pairs within ITS1 and ITS2, respectively.

Polymerase chain reaction (PCR) amplification and sequencing

In total, 50 ng of genomic DNA of T. formosanum were used as
template in PCR. The PCR was carried out in a 25 pl reaction
mixture containing 1x Pro-taq buffer (10 mM Tri-HCI, 50 mM KCl,
0.01% gelatin, 1.5 mM MgCl,, 0.1% Triton X-100, pH 9.0), 0.4 mM
dNTPs, 5 pmole each of F3-TF and B3-TF primers, 1U Pro-tag™
DNA polymerase (Protech, Taiwan). The conditions used for PCR
was 95°C for 5 min, followed by 35 cycles of 95°C for 1 min, 55°C
for 1 min and 72°C for 1 min and a final extension cycle at 72°C for
10 min. The PCR product was separated by 2% agarose gel
electrophoresis and detected by observation of the presence of
visible DNA bands after ethidium bromide staining. Using 300 ng of
amplified PCR product as insert DNA and 50 ng of pGEM™-T
vector, the PCR amplified was DNA TA cloned according to the
manufacturer’s instructions (Promega, USA) using T4 DNA ligase at
4°C overnight. The ligation mixture was then transformed into
competent Escherichia coli Top10 cells for subsequent plasmid
purification and DNA sequencing.

Sensitivity and specificity of the polymerase chain reaction
(PCR) amplification

To determine PCR sensitivity, different amounts of extracted
genomic DNA were used as template for the PCR reaction in the
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ETHh Kk kR R TH AR AR O KA RRF R X kTR RE PR GHTE*TT

3'-GAATCCTACTACGAAGCTGG-5’

Figure 1. Species-specific primers designed for identifying T. formosanum based on the nuclear ribosomal DNA
(nrDNA) ITS2 region sequences among six plant species. (A) Forward primer F3-TF; (B) backward primer B3-TF;
(*) represents aligned nucleotide that are identical to upper sequence; (-) represents a gap in the aligned
sequence; accession numbers of GenBank EF114672, AY862576, AY862582, AY862580, AY862578 and
EU057987 represents T. formosanum, T. officinale, I. laevigatum, Y. japonica, I. chinensis and E. sonchifolia var.

javanica, respectively.

presence of the F3-TF and B3-TF primers. The specificity of the
PCR using the F3-TF and B3-TF primers was examined using
extracted genomic DNA from T. officinale, I. laevigatum, Y.
japonica, |I. chinensis and E. sonchifolia var. javanica as the
negative controls.

RESULTS

Analysis of internal transcribed spacer 2 (ITS2)
sequence alignment

To design the allele-specific primers for identifying TF, the
ITS regions of the nrDNA of TF and its adulterants, T.
officinale (TO), I. laevigatum (IL), Y. japonica (YJ), I
chinensis (IC) and E. sonchifolia var. javanica (ES)
available from the GenBank were collected and aligned.
The ITS sequences of one TF sample (GenBank
accession no: AY862577), four TO samples (GenBank
accession no: AY862583, AY862576, AY548211 and

L48337), two IL samples (GenBank accession no:
EU363588, AY862582), two YJ samples (GenBank
accession no: AY862580, AJ633294), two IC samples
(GenBank accession no: EU363587, AY862578) and one
ES samples (GenBank accession no: GQ434537,
FJ980356, EU057987 and EF108405) were used to
determine the species-specific conservative DNA region.
Based on the interspecies and intraspecies sequence
variation of ITS2, the allele-specific primers for TF, F3-TF
and B3-TF, were designed using NCBI primer blast tool
(http://www.ncbi.nIm.nih.gov/tools/primer-blast/) (Figure 1).

Development of allele specific
authentication of T. formosanum

primers for

To examine the primer specificity for TF, extracted
genomic DNA of TF and its adulterants were individually
used as template to perform the species-specific PCR for
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Figure 2. Agarose gel electrophoresis of PCR products from
species-specific primer amplification using F3-TF and B3-TF, which
were designed for identifying Taraxacum formosanum based on its
nuclear ribosomal DNA (nrDNA) ITS2 region sequence. Lanes 1-6
indicates Taraxacum formosanum, Taraxacum officinale, Ixeridium
laevigatum, Youngia  japonica, Ixeris  chinensis, and  Emilia
sonchifolia var. javanica, respectively. Lane 7: blank. M: DNA
marker.
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Figure 3. Cloning of the T. formosanum PCR amplified DNA
fragment of 250 bp into pGEM-T vector. Lane M, 100 bp DNA
ladder marker; lane 1, insert DNA (250 bp of DNA fragment
amplified by species-specific PCR); lane 2, pGEM-T vector only;
lane 3, 250 bp of insert DNA was cloned into pGEM-T vector and
the recombinant plasmid digested at two sites with EcoR/

TF identification. As shown in Figure 2, an abundant DNA
fragment of 223 bp, approximately the size amplified, was
detected by agarose gel electrophoresis when genomic
DNA of TF was added to the PCR reaction. In contrast,
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Figure 4. Determination of the PCR sensitivity using allele-
specific primers. The allele-specific primers, F3-TF and B3-
TF, were used with genomic DNA from Taraxacum
formosanum for the PCR reaction. The PCR reactions were
performed after adding various amounts of Taraxacum
formosanumgenomic DNA. Lane M, 100 bp DNA ladder
marker; Lane 1, negative control, lane 2 to 7were amplified
with 100 ng, 20 ng, 1 ng, 100, 10 and 1 pg of extracted
genomic DNA, respectively.

PCR reactions involving genomic DNA template of the
adulterants, T. officinale, I. laevigatum, Y. japonica, I.
chinensis and E. sonchifolia var. javanica, did not result in
any PCR product. These results indicate that the PCR
primers designed for TF are suitable for amplifying the
target nucleic acid of TF and are able to discriminate
between TF and its adulterants. To further confirm the
identity of the amplified PCR product in the TF sample,
the PCR product was cloned and sequenced. As shown
in Figure 3, the PCR product cloned into pGEM-T vector
gave a plasmid, approximately 3.25 kb in size. After
sequencing, the obtained sequence of the PCR product
was 99.5% identical to the ITS2 sequence of TF
(GenBank accession no: AY862577), which confirms that
the species-specific PCR specifically detects TF.

Sensitivity of PCR for authentication of T.

formosanum

To evaluate the sensitivity of the PCR method for
authenticating TF genomic DNA, extracted TF genomic
DNA was serially diluted 10-fold and used as template
DNA. Genomic DNA amounts ranging from 1 ng to 1 fg
were used in the PCR reaction. After performing the PCR
reaction, the 223 bp of PCR product was detected over
the DNA range 1 ng to 1 pg as shown in Figure 4. No
PCR product was detected by DNA electrophoresis when
less than 1 pg of template DNA was added to the PCR
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Figure 5. Species-specific PCR for identifying T. formosanum among 10 collected
commercial plant species. Lane M, 100 bp DNA ladder marker; lanes 1 to 10 PCR
amplification products using DNA extracted from 10 collected commercial samples that
were reputed to be T. formosanum; lane N, negative control; lane P, positive control.

reaction. Therefore, the sensitivity of species-specific
PCR for authenticating TF was determined to be 1 pg.
These results suggested that, this newly established PCR
assay using allele-specific primers is both highly specific
and sensitive when authenticating TF genomic DNA from
its common misused adulterants.

Application of PCR to the authentication of T.
formosanum from an herbal market

Based on the stated results, we applied this species-
specific PCR in practice by examining 10 commercially
obtained TF plants purchased from different herbal
markets in Taiwan. After DNA extraction and performing
the PCR reaction, the desired PCR product was amplified
from one of 10 crude samples of TF plant (Figure 5).
These results indicate that most of the commercial
specimens of TF were significantly adulterated; that the
PCR assay for identifying TF material works well and
shows high selectivity; that this approach is able to
amplify any species-specific DNA present; and that when
TF was mixed with its adulterants, this specific PCR
product of TF could be detected.

DISCUSSION

In this study, we have successfully developed an allele-
specific PCR method for sensitive and specific identification
of TF. Herein, the allele-specific PCR primer was
designed based on the specific DNA region of ITS2 of TF.
The results of sequence alignment revealed that, the
ITS2 of TF showed higher interspecies variation than
intraspecies variation. However, ITS1 did not show

significantly different sequence divergence across the
Taraxacum species between ITS1 (4.70%) and ITS2
(4.88%). Therefore, the ITS2 sequence was chosen and
the conservative DNA regions of ITS2 were aligned and
are presented in Figure 1. The interspecies variation of
ITS2 among TF and its adulterants ranged from 27.02 to
59.45%, which is very useful when designing allele-
specific primers.

After establishing the allele-specific PCR method, it
was also showed to be applied in practice for identifying
TF medicinal plant. Thus, the approach employed in this
work was proved to be both sensitive and specific in the
further studies (data not shown). The length of the ITS
regions seems to vary with the medicinal plants sample
and, if necessary, can be sequenced during the process
of identification. The length of the ITS1-5.8S rDNA-ITS2
fragments ranged from 550 to 850 bp (Hon et al., 2003;
Kress et al., 2005; Pang et al., 2010). Direct sequencing
of the ITS regions is frequently employed when these
regions are amplified by PCR with various universal
primer sets. However, a lack of truly universal primers for
amplification of ITS regions from plants has limited their
usefulness when this methodology is applied to species
identification (Kress et al., 2005). In contrast, using suit-
able target DNA sequence information from the
GenBank, it is possible to examine the interspecies and
intraspecies variation of specimens and this information
can be used to design species-specific primers. In this
study, the newly established species-specific PCR for
medicinal identification is highly effective, simple and
quite easy to apply and this will allow more effective high-
throughput authentication than directly sequencing.
Additionally, widely used traditional Chinese medicine
materials are usually processed into dried slices for long-
term storage or transportation. DNA degradation is



common during this process. The presented species-
specific PCR should be able to overcome the problems
associated with this processing, because in the future the
length of amplified PCR product can be adjusted during
primer designing to increase the probability of the PCR
succeeding. Other advantages of this approach are its
time-effectiveness and lower cost compared with the
other methods such as DNA sequencing. Based on the
stated findings, it would seem that, this established PCR
assay should have worldwide applications in medicinal
plant identification (Xue et al., 2006; Li et al., 2007).

In conclusion, this investigation has successfully dev-
eloped a species-specific PCR system for identifying TF
that is rapid, cost-effective and highly specific. It targets
the DNA barcode of ITS2 and distinguishes TF from its
adulterants. It is an easy, useful and standard method
that can be developed for use with many herbal
ingredients. Therefore, in the future, species-specific
PCR should become a powerful tool for quality control for
the authentication of herbal plants in the market place.
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