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ABSTRACT

Chinese herbs tend to absorb humidity during preservation, which
provides a favorable environment for microorganisms and storehouse
insects. Besides damaging the components of these Chinese herbs, toxic
materials may be produced. During recent years, many countries have
been enforcing strict regulations concerning the number of bacteria in
food and in botanical drugs. The technique of gamma irradiation on
microbial decontamination has been widely used in western countries for
several years. In Taiwan, National Tsing Hua University and the Institute
of Nuclear Energy Research have performed several researches on the
related topic, mostly on the effective dose of gamma irradiation.

This program will select from ten Chinese herbs from the primary
program. For the second year, Fructus Crataegi, Radix Salviae, Rhizoma
Chuanxiong and Pericarpium Citri Reticulatae were chosen.. The herbs
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were exposed to the normal effective dose of gamma irradiation, which is
10 kGy. Higher doses such as 15kGy, 20kGy, 30kGy ,40kGy were also
tested. The amount of marker component before and after the exposure of
gamma irradiation were measured and compared. Their anti-oxidizing
activity were also evaluated and compared.

Fructus Crataegi, Radix Salviae, Rhizoma Chuanxiong and
Pericarpium Citri Reticulatae were extracted with methanol with
ultrasonic device for three times and analyzed by Waters XTerra RP18 5
m (4.6x250mm) column and Waters Atlantis RP18 Sum  (4.6x250mm).
The mobile phase for Fructus Crataegi was acetonitrile: H,O (15:85) and
the detection wavelength was 280nm, and the flow rate was 1mL/min. The
mobile phase for Radix Salviae was Methanol: H,O (75:25) and the
detection wavelength was 245nm and the flow rate was 1mL/min. The
mobile phase for Rhizoma Chuanxiong was Methanol: 0.05% phosphoric
acid(40:60) and the detection wavelength was 320nm and the flow rate
was 0.8mL/min. The mobile phase for Pericarpium Citri Reticulatae was
Methanol: 1% phosphoric acid(40:60) and the detection wavelength was
284nm and the flow rate was 1 mL/min.. For anti-oxidizing activity,
a-tocopherol was used as standard. The DPPH free radical scavenging
activity were measured at 517 nm.

The content of Epicatechin , Tanshinone I , Ferulic acid and
Hesperidin of unradiated and radiated Fructus Crataegi, Radix Salviae,
Rhizoma Chuanxiong and Pericarpium Citri Reticulatae were analyzed by
HPLC. After statistical analysis, the epicatechin content of Fructus
Crataegi showed significant decrease after gamma irradiation. Content of
Tanshinone I of Radix Salviae, after statistical analysis, no significant
difference was found. The Ferulic acid content of Rhizoma Chuanxiong
decreased after gamma irradiation expect the 10 and 15 kGy dose. The
Hesperidin of Pericarpium Citri Reticulatae, after statistical analysis, no
significant difference was found. .

The antioxidizing activity of irradiated Fructus Crataegi and Radix
Salviae all showed significant decreased antioxidizing activity . Rhizoma
Chuanxiong and Pericarpium Citri Reticulatae showed lower antioxidizing
activity, however, no statistic difference were found.
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Key ward @ Fructus Crataegi, Radix Salviae, Rhizoma Chuanxiong,
Pericarpium  Citri  Reticulatae, gamma irradiation,

Epicatechin , Tanshinone I , Ferulic acid and Hesperidin ,
antioxidization activity
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3.Trolox % i ¥ i iy 4 & (51)
ABTSe+p d -k pe i :
7 mM ABTSe +
[ 2,2’-Azinobis-(3-ethylbezothiazoline-6-sulfonicacid) ) /%4
7% o F e~ Potassium persulfate j& £ 353 » &% kR L 245
mM > gk KR T F O 12-16 ) PF o g F iR FpEE AR
#H A& 734nm gk k@ L 0.70 (+0.02)% * o
| RIEER L AR Tml
 fex 10l 7 F ik B g iR % & Trolox (& ¥HP8 %) i&
FF I
L1 & 408 pH A& 734 nm sex sk @

(z) +RAFTEHG | 2§
i?éﬁfﬁ%4¥1%9ﬁﬁ6gSﬂﬁﬁﬁ&%ﬂ%ﬂ?%
LR ELBATERFEF TN FHL e FOERTE L

B UEN KT e Ep e

\\\Xr
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AR

- 3 FAHE A B MRS 2 gt o TR
(- )hE A A

T FiE 2 RS o Lth s 2 S YR A FIA B
¢ IDEGE > Llp SR FS  BpEd LG P AR o

Fl— ~ 455454 (52 Lith o k50 5 A BSHIE 5~ Bo+HE 10kGy -
15kGy ~ 20kGy ~ 30kGy % 40kGy -

Blo ~ f5 5 matafs 2. 2 % k= 5 ARG S - REHE 10kGy
15kGy ~ 20kGy ~ 30kGy % 40kGy °
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S IR B2 5 B2 4 A RS B E 10kGy -
15kGy ~ 20kGy ~ 30kGy % 40kGy

Ble ~ §5 5t Eta 152 A > =t 5 ARSI ~ BESHE 10kGy
15kGy ~ 20kGy ~ 30kGy % 40kGy -
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20kGy

N

10kGy

15kGy

BT ~fgsdpotm to2 LS > 2k A ARSI - B
s+ £ 10kGy ~ 15kGy » % # % 20kGy ~ 30kGy % 40kGy -

NG 20kGy
10kGy  30KGy
15kGy 40kGy

DRSNS R P R S LIRS L E SN
#% 10kGy ~ 15kGy » % i & 20kGy ~ 30kGy % 40kGy ©
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Bl= ~ 58 RET S22y B LR ARG R
# 2 10kGy ~ 15kGy » % ¥ % 20kGy ~ 30kGy % 40kGy -

Bl ~ sSSP > iR S ARKEN - B
# % 10kGy ~ 15kGy » % ¥ 5 20kGy ~ 30kGy % 40kGy ©
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(=) L
1.Epicatechin standard 2. HPLC & +7 [l

Epicatechin

l

0.301
0.257
0.201

2 0.15]
0.101

0.05

0.00

— T T ——T 77— T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

2.4k &2 K 35

0.035
0.030"
00251 Epicatechin
o.ozcri

0.015 l

0.010

AU

0.005

0.0001

. —T T T T T
200 400 6.00 800 1000 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

8000000

6000000

4000000

Area

2000000

0
0 0.2 0.4 0.6 0.8 1 1.2

R (mg/ mL)
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4.3 & > f7 50

Standard Concentration( mg/ mL ) Linear regression R’
Epicatechin 0.01~1 y=7x10°4751.4 0.9999
5.% & Epicatechin 7 & (n=3)
A B
{5 &+ & | Epicatechin Epicatechin - 2 Epicatechin
N RSD(9 N RSD(9 N
(kGy) i g (%) i g (%0) z L (mg/ g)
(mg/ g) (mg/ g)
0 0.048 4.38 0.049 15.06 0.049
10 0.045 1.13 0.046 14.66 0.046
15 0.035 5.48 0.037 2.46 0.036
20 0.035 3.66 0.035 3.73 0.035
30 0.024 5.37 0.023 0.92 0.024
40 0.020 6.36 0.019 3.22 0.020
6.5 %]+ % £ #ics +7 (Epicatechin 7 € )
(D kGy (J) kGy Tiaz & (1-)) k2 ¥ 14(P)
0.00 10.00 2.022E -03* 907
15.00 1.148E -02* .000
20.00 1.251E -02* .000
30.00 2.387E -02* .000
40.00 2.812E -02* .000

P>0.05 2k ¥ L8 >001>P>005% £ 8 P<005F ¥ LE
fI* AvBRt&E > 23448 60k o 9rivL A 47

7.5 4 HPLC 2 & 3+ 325 (n=3)

Conc. (mg/ mL) | Intraday R.S.D % | Interday R.S.D %
0.05 1.2542 0.9382
0.1 0.2220 0.2202
0.5 1.0009 0.4981
8. T F 2% (n=3)
© IR R
g Se-S RN B
153 50k & (mg/ mL) e

1 105.6 % 105.9 %

0.1 111.5% 106.6 %
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(=) *%
1.Tanshinone [ standard 2= HPLC % 47 [l

Tanshinone |

|

0.30]
0.257
0.207
20157
0.107

0.05]

0.00

— —— —— ——— 77— T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

2.4k &2 K 35

Tanshinone I

0.02
0.0157 l
0.0107
<
0.0057
0.0007

-0.005——

u

L e s e e e B B e e e s e e s e e B S S e e
2.00 4.00 6.00 8.00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800  30.00

Minutes

7000000
6000000
5000000
4000000
3000000
2000000
1000000

0

<
=
<

0 0.02 0.04 0.06 0.08 0.1 0.12
B (mg/ mL)
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4.3 & > f7 50

Standard Concentration( mg/ mL ) Linear regression R’
Tanshinone | 0.05~0.1 y =7x10"-78542 0.999
5.4 & Tanshinone | 7 & (n=3)
iiaim A B T io
H ?LG”M % | Tanshinone I | RSD(%) | Tanshinone I | RSD(9%) | Tanshinone I

KoY | s 2mee ¢ £(mg/g) i 2(ng/g)
0 0.0042 0.41 0.0043 5.27 0.0043
10 0.0044 0.68 0.0045 0.9 0.0045
15 0.0046 0.26 0.0041 0.19 0.0044
20 0.0045 0.17 0.0043 0.84 0.0044
30 0.0044 0.32 0.0044 0.80 0.0044
40 0.0042 0.14 0.0043 0.22 0.0043
6.H ]+ % £ # 4 $7 (Tanshinone I 7 £ )
(HkGy (HkGy | T34 2 (1) B AL(P)

0.00 10.00 -1.976667E-04 227

15.00 -6.833333E-05 969

20.00 -1.260000E-04 .700

30.00 -1.560000E-04 482

40.00 1.6000000E-05 1.000

P>005 @i ¥+ 48 >001>P>005% £ 2 -P<005F Bg¥F L2
F1* ASBAatgS L 30A4% 6=eniEk » 9TiF2 45

7.2 % HPLC 2 & .+ 3% (n=3)

Conc. (mg/ mL) | Intraday R.S.D % | Interday R.S.D %
0.01 1.5714 0.8087
0.025 1.2420 0.5783
0.05 0.6887 0.9813
8.% |2 F 3¢5 (n=3)
AR R 0.05mg/ mL b g
o s | O EITRARS
o 50k R (mg/ mL)
0.1 100.2 % 103.0 %
0.005 95.5 % 96.6 %
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(=) "%
1.Ferulic acid standard 2. HPLC & +7 ]

Ferulic acid

|

1.807
1.607
1.407
1.20

1.00

AU

0.80
0.607
0.407

0.207

0.00

———— —— —— ——— T ]
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

2.4k &2 K 47 )

Ferulic acid

|

0.016]
0.0141
0.012]

0.010]

AU

0.008
0.006-]
0.004-]

0.002-]

0.000]

—— —— —— ——— T T T T T ]
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

3.9 £ SR

70000000
60000000 |-
50000000 |-
40000000 |-
30000000
20000000 |-
10000000 |-

0

R?=0.9999

Area

0 0.2 04 0.6 0.8 1 1.2
V% (mg/ mL)
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4.3 & > f7 50

Standard Concentration( mg/ mL ) Linear regression R’
Ferulic acid 0.01~1 y =7x10"-438584 0.9999
5.4 & Ferulic acid 7 & (n=3)
- it A B T 15 .
i& Zj;}hﬂ) Ferulic acid | RSD(9%) | Ferulic acid | RSD(%) 'zi,f }lj e(mh/c
LEOY | 5 g e/ o) ¢ #(ng/g) aid 2 2 mgle)
0 0.0186 1.83 0.0187 0.88 0.0187
10 0.0176 0.41 0.0186 0.86 0.0181
15 0.0169 0.32 0.0180 1.81 0.0175
20 0.0163 1.02 0.0176 0.75 0.0170
30 0.0160 0.48 0.0168 1.68 0.0164
40 0.0137 1.91 0.0162 0.54 0.0150
6.3 7]+ % 2 #ic~ 47 (Ferulic acid 3 £ )
(D) kGy (J) kGy Tiaz 2 (1)) k2 ¥ 14(P)
0.00 10.00 5.448333E-04 903
15.00 1.176500E-03 237
20.00 1.677000E-03* .028
30.00 2.210667E-03* .002
40.00 3.621667E-03* .000

P>0.05 @4 F+ £ 2 > 001>P>005% £ 8 »P<0057F Bg¥|+ 18

*flj’!f A\Bﬁv}:gr‘{,.,

2
=4

7.7 5" HPLC 2 £ #4435 (n=3)

3 AL 6 R s S iEL A
7 ‘:’ ~

Conc. (mg/ mL) | Intraday R.S.D % | Interday R.S.D %
0.05 0.6778 1.0931
0.1 0.8090 2.3974
0.5 1.1460 4.7177
8. T F 2% (n=3)
AR R 0.5mg/ mL e
08 523K A (mg/ m B gpe | CEMRARS
1 106.1 % 96.6 %
0.1 98.5% 100.1 %
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1.Hesperidin standard 2. HPLC % +7 [&.

PEHEEH F27TH ¥

Hesperidin

|

0.35*§
0.3(%
O.25€
0:20]
0.15%
010]

0.057

0.007

T
2.00

T e e e T B e B L e e B A e e e e e T R
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Minutes

2.4k &2 K 35

Hesperidin

|

0.12
o.1crf
o.oeé
o.oe—f
o.o4é

0.02]

0.001

T
2.00

3.9 £ SR

Area

20000000

15000000

10000000

5000000

0

L B e L e e e e B L B e s B By s s B B s By B
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Minutes
I R2 = 0.9999
0 0.2 0.4 0.6 0.8 ] 12

¥ (mg/ mL)
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4.3 & > f 30

Standard Concentration( mg/ mL ) Linear regression R’
Hesperidin 0.01~1 y =2x10"+5874.3 0.9999
5.% & Hesperidin 7 & (n=3)
g 5% A B I 2 Hesperidin
kGr = | Hesperidin 7 | RSD(%) | Hesperidin | RSD(%) | . , (g @)
k) | 2y 7 £(mg/g) Frimge
0 0.29 0.31 0.34 0.27 0.31
10 0.22 0.24 0.32 0.41 0.27
15 0.27 0.45 0.24 0.75 0.26
20 0.27 0.07 0.24 0.47 0.26
30 0.27 0.42 0.30 0.88 0.28
40 0.25 0.60 0.29 0.84 0.27
6. 71+ % 2 #ic~ 7 (Hesperidin 3 & )
MkGy (kGy | F35LB(L) B F (P)
0.00 10.00 4.22627E-02 334
15.00 5.87438E-02 .068
20.00 5.79981E-02 074
30.00 3.15097E-02 .652
40.00 4.43365E-02 283

P>0.05 B FILZE > 001>P>005% £ - P<0057 EPLLE
L3 AHEE 6 i 0 RFiEL AT

1% A-BA 5>

7.8 4 HPLC 2 & 3325 (n=3)

Conc. (mg/ mL) | Intraday R.S.D % | Interday R.S.D %
0.05 0.6207 2.1666
0.1 0.3509 3.1175
0.5 0.4714 2.4426
8. JT & ;% (n=3)
LR 0.5mg/ mL e ey
_ o g | PEATR MRS
& 2ok B (mg/ mL) e
1 104.3 % 96.8 %
0.01 101.9 % 96.7 %
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S RRE R ERS I CREER TR
(- ) DPPH § d ik i 4

1. Scavenging effect (%) of the a-tocopherol

80
R’ =0.9961
g\g/ 60
Hr L
2 40
o |
0
0 100 200 300 400
(¢g)
2.DPPH p d i %
P DPPH f o 2 T 359335 % (%)
(kGy) dith -+ % "y AL
(2.5 mg/ mL) (1 mg/ mL) (10 mg/ mL) (10 mg/ mL)
N 48.62 24.15 39.81 11.75
10 38.81 19.08 34.67 13.55
15 38.54 19.32 33.22 11.03
20 35.20 19.26 31.63 12.76
30 33.12 19.38 31.62 13.51
40 32.80 19.10 29.68 11.60

3. ¥ %]+ % B 4 Scheffe i 4 47 (DPPH f o fhif'4 %)

(1) Dt
() kGy ()kGy | T4 $ (1) % 13(P)
0.00 10.00 10.1067* 036
15.00 10.1517* 035
20.00 13.5117* 002
30.00 15.4950%* .000
40.00 13.6050%* 002

P>005 8 ¥+ £ % >001>P>0057% £ % >P<0.0573 A4 R
L AP

1% A BAHRE &

S AT E 6k
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(2) > %
() kGy (J) kGy Tiay B (1)) 5% 12(P)
0.00 10.00 4.6433* 017
15.00 4.7517* 014
20.00 4.8450* 011
30.00 4.6150* 018
40.00 4.3017* 033

P>0.05 & & ¥4+ 1 ?l » 0.01>P>0.05 7

Z3 > P<0057 H¥E

f1* A~B A &5 A TR 6 =X m“.p%,wri’riin\#fr
(3) A1
(D kGy (J) kGy RE=F % (0] A ¥ 12(P)
0.00 10.00 5.0083 523
15.00 6.6967 211
20.00 8.2833 .066
30.00 8.2600 067
40.00 7.6417 109
P>0.05 & ¥ F 1+ 4 ?l »0.01>P>0.05% £8& »P<0057 Fg¥F L4 R
f1* A~B A &5 A TR 6 =X m“.p%,wri’riin\#fr
(4) P A
(D kGy (J) kGy RE=F % (0] A ¥ 12(P)
0.00 10.00 -1.8055 432
15.00 0.7222 975
20.00 -1.0111 900
30.00 -1.7573 463
40.00 0.1444 1.000
P>0.05 & ¥ F 1+ 4 ?l »0.01>P>0.05% £ % »P<005F ¥4 2

f1* A B A5

A 6‘:211.;% s ATl 4
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(= ) Trolox % i 4§ it 4 %

1.Trolox equivalent antioxidant capacity

60
50 - R?=0.9959

S 40 |

1;2 30 -

Jr 20 |
10
0

0 20 40 60 80 100 120
(¢ g/ mL)
2.
t5 P2 Trolox % i 4 it 4t 4 2 357 5 (%)
(kGy) SRR i1 -+ % S A
(0.5mg/mL) | (0.5 mg/ mL) (2 mg/ mL) (5 mg/ mL)

N 34.40 27.36 35.93 4741
10 31.23 16.75 3481 46.09
15 30.92 16.10 3498 45.38
20 2941 16.16 34.64 44.79
30 28.42 15.97 34.40 44.83
40 24.43 15.21 34.35 42.36

3. H 7]+ % 2 #ic Scheffe i2 4 47 (Trolox & # #1¥ it v 4 E5)
(1) Dt

(HkGy ()kGy | T4 3 (1) 5 ¥ 12(P)

0.00 10.00 3.6901* 020
15.00 3.9922% .009
20.00 5.3722% .000
30.00 6.3660* .000
40.00 10.3582%* .000

P>005 23 F L8 > 001>P>0057 £ 8 - P<005F BFHALR
fI* A~BAaf&S L3415 6 NE%k > itz 247
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(2) > %
(HkGy ()kGy | T4 3 (1) ¥ 1(P)
0.00 10.00 10.6817* 1000
15.00 11.2667* .000
20.00 11.3283* .000
30.00 11.3300% .000
40.00 12.2150* .000

P>005 23 F L8 »001>P>0057 £ 8 > P<0.05F HFIL
F1* ABAatgs £ 3=0A45% 6%k o mmwﬁ

(3) "%

() kGy ()kGy | T4 3 (1) 5 E 13(P)

0.00 10.00 0.8633 931
15.00 0.8217 943
20.00 1.3583 667
30.00 1.3400 680
40.00 1.3950 641

P>005a%§—*§lﬁ‘i§l 001>P>005F7}L§1 P<005 %ﬁ%’!ﬁ‘iaﬁi
1] ANBAfS > £3A4E 6= Lrlf’/w\%"’r
(4) mA

(DkGy ()kGy | T4 B (1)) 5% 1(P)
0.00 10.00 1.3213 995
15.00 2.0299 963
20.00 2.6255 894
30.00 2.5852 900
40.00 5.0556 332
P>0.05 2% %+ £ 2 > 0.01>P>0.05% ;a i_aﬁ-'- ' P<0.05 7 ¥ AR
fI* ANBAE £ 3AJE 6Nk i ier

CLBATE%HE ] ek

APHETABIFEN 68 6 5 PRI FL Y FE
LARELRATHERFER Vo Fteard BT LELp %
¥, uxiﬁua‘%{ﬁ B HEs P k- H3N95EF 9% 9p fg;\gﬁ;lc',#ﬂ.;}j;
CERF RSN 95E 127 10 pBRF D 2 PURFEF o B
ZHW96E 6 5P EiFIlaFELFA f%i e %w i
96 & 12 7 24 p BRZ FEX T RS By > §RTHE R A0
xﬁf;{._ °
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2~ 3t
FAR RIS ESF G Y F

R ALE 2 o CCo y S S BT 5 - AT 4R
e r FREL > SHBL SRR P B E2FF
2 A ok 0 kB IS BT B2
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Flesldcmud FFENCF I 4B it > AR P A E g

%
3

CNESV R I 48
ek
vl g

i
=
b
i

L
5

=

A

She
—
3

h

N

N

BN g
SR i
ﬂt_

e
R

|
o
g ©
W\
- ‘fm

b

A \:h-

N

B LR BBl ORI B S Fak o R BRER ST
iﬁ&%iiﬂﬂﬁiﬁ‘lé‘”“ﬁmi’wﬁﬁwﬁi¢
SERPY CREHI FHEZIFH B HHHE A B EREAZB

3 3 o ¢%~*b§ TR RARERTARTERET Gk

ﬁkgi@klﬁfﬁ; Faited o il BrpiphktrdiE? R @R F v

obim® gt s 0 8 x% A e L R & U

Z’m}\z‘t‘?,,.ﬁv#p"izﬁlﬁla\“‘ "P’f"*%ﬁﬂ Eﬂﬂ%\f’k‘%ig

o SR FREARHGHZ RSV R BHRBHELLAXEEZE

%f%“&i—ﬂﬁﬁ?* A% Eahz £ 41 T4 H 5]+ % R d Scheffe

Ru—

N ﬁ ; fi%;}ﬂ NLh T g SRR SR R e B 2 P ietg 10 kGy #5 &
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PARS PR RAH ST WAL R AR E T
8% 1 Y%mifa KA R IFA D4R > B 5% 5 IR STIE 57 A BB 5445 542
Tavv R FERR ] R T 2ZARY > S H TS R
Scheffe i » 47{c "M A 7 P i SRR E 22 P E>0.05=28 8 F
g CEES e 0 #* B HPLC AR e 2 A S SRR 52 5
oM g RS RS o L s 2 S TR AT ﬁf’r'FwA”?'ﬁ°
bi&a/ﬁ»}%fa‘p‘j\ P HIRNRI HC S 1T S R & o v IROA G0 SR
227 Fipst R E RE (2 Ltk &S 0 = DPPH p d éj’—xﬁ;;b 43
i ’U'Li"ﬁ SRR R SEFHE LB HF RS 440 2 40 kGy
5B 0 5 H 7|3 % B #ic Scheffe /2 447 » & % kot §§ 5= ?ﬁﬁ?" L
% P<0.05 7 BEMH AR HP X 12 40kGy 5 =P & o 2 4 A DPPH
pod A fﬂi PG Ty KEHRM 2 RSEERE 4r5~«§"“$”
4& L AR E R LFER] 0 1 40 kGy FERM o FHF SR
Bt BRE AL A7 R HRHAE R P E<0050 f4 A
Poitig st 2 P bt g b4 A2 2 & 2 DPPH p o ﬁs?j“fﬁ‘? R
FROLRA o MT L DPPH o Aifigacd 2 G o 90F SR SRR
i F A E \/%‘“/f’i g4 1140 kGy 5 5™ G HFF %2
et B 5 &E—’r METRETA FiFsARE 2 L B2 P E>0.050 &
* %F‘@ﬁfﬂ’ﬁﬁ#ﬁ"ﬁ@ﬁ# 10 ~15~20~30 2 40 kGy &5 &% & 2. DPPH ¢
dBRiFrpacd i F L R ol DPPH A o Jifrk i 4 2 ig o
#E it - w2 ﬂu&‘u DN 4 R % BT AL PR T S B 2
L2 P g >0.05 & :&%F%%ﬂr’gﬁfﬂh’ﬁ@% 10152030 2 40 kGy
{5 &+% & 2. DPPH p o éi"/f ARG RFMESLE - Trolox ¥ § 4o
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