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Abstract: [Objective] In order to explore the antioxidant properties of eucalyptus and citral camphor
essential oils and hydrosols. [Method] Eucalyptus and citral camphor essential oils were extracted by st
eam distillation, and their chemical composition and relative content were analyzed by gas chromatograph
y-mass spectrometry analyzer (GC-MS). [Result] There were 15 major compounds with a relative content
of more than 0.1% in eucalyptus-type camphor essential oil, among which Eucalyptol had the highest ¢
ontent of 57.28%. At the essential oil concentration of 128 g-L’!, the scavenging rate of essential oil to
1,1-diphenyl-2-picrylhydrazyl (DPPH) was 82.60%, which was higher than that of the positive control(77.
85%). The half maximal inhibitory concentration (ICso) with the strongest scavenging capacity for DPPH
and 2,2-Azinobis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS) were 14.25 and 31.65 g-L-!' respectively. Th
ere were 30 major compounds with a relative content more than 0.1% in citral-type camphor essential oi
1, among which citral (neral and geranial) had the highest content of 42.32%. The ICso with the stronges
t scavenging capacity for DPPH and ABTS were 44.45 and 34.46 g-L! respectively. The hydrosols of es
sential oil had a certain scavenging effect on DPPH and ABTS, and the antioxidant effect of eucalyptus-
type camphor (DPPH: 53.24%, ABTS: 4.86%) was better than citral-type camphor(DPPH: 10.58%, ABTS:
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9.06%). [ Conclusion)] Both chemotypes of camphor essential oils and hrdrosols possessed antioxidant pro
perties, and in a certain concentration range, the antioxidant properties of the essential oils were significa
ntly stronger at higher concentrations than the lower concentrations. Essential oil of eucalyptus-type camp
hor had stronger antioxidant activity than citral-type camphor. The research provide a theoretical basis for

the development and utilization of camphor essential oil.

Keywords: Cinnamomum camphora, essential oil, citral, eucalyptus, antioxidant

TEms, AR AR Z MR ISR, & B/ Cinnamomum camphora (L.) Presl]. BAE[C. porrectum
(Roxb.) Kosterm]. JHHE[C. longepaniculatum (Gamble) N. Chao ex H. W. Li]. 44 (C. tenuipilum K
osterm.) FFU, RER AR AT FAERSM I HIER, AR BRG] R B Hodr, f%
Y 2% BN DRURG Vil & S AR R T A A, Rl R AR — M RRE R A, B RCRMIE K TR
DR, FER T RAGGUIRE. A R KRS s ST TS 4, AT R — A R SR S,
FLFER AR AL RE PR [F] 2 A A, A M4EAER A 4R E. RPN EZEFR, HItirg
MEFER TEEZ . il BREREESURE, RSO ZER SRR EL, ARISIMERT A & B ml, PRIAL
N T &R 2 KA R . 2EER 48 I R ARG I PR O R b, 7 2 B 58 Sl RS i AR P K T 1 7 o
HITRA TR, ARk 3R R AR YA 1R KRR 25 18]

RS KRR BA TR, fem b sl B B R R bus . BRESERCRD, Enrgg
R B RIE SOG4k, FHMH AN R (L) -13 FFM M2 ERENA AR I, s i AR RS
TR LA/ G B 4H Mk TR 38BO AHMIIGYE, I B AL i T A 0 Tk i B v A0 A U SR, R
TR 2R R RIAT A T TR AR s il B L Al i U AP E IR NI 9 o R AEL )RS o L A 1k ) 5 v 22
(20, o 1,1- 2K 5k -2- =S 2RBE (1,1-diphenyl-2-picrylhydrazyl, DPPH) I 2,2-Fk%(-— (3-Z3&E-FK e
e-6-if IR ) 4% £R[2,2-Azinobis-(3-ethylbenzthiazoline-6-sulphonate), ABTS]H 13T FR 2 I & P éafb it
ISR, O TS, B RIEFEZ PP ERE FT 0351, AR T DLl R
RUMF R R RE R AR}, SR /K 28RBS U R il UM 3% BB ICH 3 4% (gas chromatogra
phy-mass spectrometry, GC-MS) 73 #r HALZpl 7 S AHNT & 5 AT B2 L&l (Butyl hydroxyanisole,
BHA) NEHMEXTHE, 12 DPPH Fil ABTS [ 235 FRv& I i K il S 2l 22 B e, BRI il rp 32 22
B PR TE R G R, B9 a S BRI I S 20 82 T R R FH IR (B ik

1 MRS T

1.1 #R5EH

FRAERE KM R G R B AR, SVT P9 E i %5 5 & A TREE 7T A O i 3k
3o 2017 SFAFHEARME TULPE 4 SRR PR SRR 5 R M EF bt (Jb4: 27°89', R4 116°47), 4t
— IR, AR B R R AR B SR IR 3 AN R, A v R 34
(A HHIHER 114 (A2). HHIER 122 (A3), FrfE NGN-1 (N1, AT ZS-W3 (N2). AT
ZS-W5 (N3). 2022 4F 9 HREE S 4 AH IR BE A A i 28 BRI A T B R AR AR AR I, SR EDURE R
FEIF e SRR, e HyrE st SN EHERER 3 K.

AR FEAE 1,1- 2RI 2- = WYEZEHF (DPPHD. 2,2-BRE - (3-Z5E- A FmEme-o-iiR ) —4kih (A
BTS). THREMHER (BHA). /KA. WRMRAER, YRkE g AERHE M HBRA A

1.2 UR58&

CN206599548U {5 # A /K Z&8 RSSO 2%, TP B F S5 KA H TR 0 3 E6FK; 88
90-5977B GC-MS “SAHEE- T RERHA, R A R AR GWB-1/30 4liKAC, AbaEHrisE A
HIRTHMEA T ; TopPette F-a) I8 r] LW A%, K NMAISLIAE (LD Bt AF); Molecular Devices
SpectraMax 190 B3R SpectraMax 190 Y IELL K KBEAR/ LML, S E MD A#]; AX4202ZH H7K
F, BERHEE CHEMD GIRAFE .

1.3 REHZE

L300 A i 49 4 4
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FRECAS RG22 B R Iy 4 400 g, JONKSIHSEEHLE, I 1 LK, 7KZESZ808 1 h, kA%t
K7 B A5 2RSS I o

132 A4 d A 3 R o 547

R &AE: Tp-5 ms BAEHM:, B NEARS, DR 230 °C, BRI AL ML E A
280 °C. ZMIELBIA 1120, FAERE 1 pl. PILHIEE 50 °C, 4EFF 1 min, L 10 °C-min’! F} 5 250 °C, 4
£F 6 minl!®-17],

Uik 2. W25 Celectron ionization, EDD, HLEHE 70 eV, £ 50~650 amus{34H, &EHIER
i) 3.5 min, AN T#EFEE 1 pL. RHSMH AL E &I RGN, 12 HWiley7n.UNIST17.LYGHEZE (ht
tps://webbook.nist.gov/chemistry/), PAFTAREEFRHE L VE 90T R, ARHE AT R A [A] (Relative Retention Tim
e, RT) BRI, X be oA IR B AR Cs 22.Cao BIAREY S, R AKX (1D 1 ERI0 IR B 5%k

(Retention Index, RI), ZGRIFIRTZEXHEAHZELE 30 LA B 2 N Rl — )i .

RI =100 *n +100 *|(logt, — logt, )/(logt,_, —logt,, )] (1

b, RIS PREEAREG o RIS RTR B A IER e e i SR 7480 ot DR RRII ) B it IEAA e
FERRIE T EG ¢ R SRR BE I E] st Aty JRERS B IE R e BRI R B IS 1A] (ta<t<tor Do

1.3.3 At o L AL m) X,

DPPH HHZESAHHET, 7E 517 nm FEKAH RARAIE. 7 DPPH ER T IMASUEMTGE, PiE
6P 5 DPPH H HZEM B PR, HAER K 517 nm AMIWOGEE FHK . MRS 25 &5 19126 DPPH
H HIEERR I T, BSESGdt. ¥ DPPH W& T JC/K 41, FCHIPA 0.1 mmol L1 ) DPPH ZBE TAEW, I
JRAEAR IR, AP RS o 2 BIFREL 2 mL AN R FE 6 (AR RS b, 76 [A] — s N 2 mL DPP
H TAEM, o REYEEDER 30 min, KRG 1 78 53 I S G IR W0 € FEBgbRAR L, e
HP KN 517 nm BBOEE (AD. PL2 mL /K ZEEAEAXTIE, MERHK 517 nm ARBROEE (Ag.
ARG EZ S TR, ZRRERKNEE, EREEDCEFIE. DPPH H BHEERF T E LA (2:

DPPH H HIEIHEERZE = (Ag - AD /Ay x<100% (2)

K, Ao NTK AR 517 nm ARG A NAERRE RS K 517 nm ARG EE .

ABTS HHZEESHRET, TEHK 734 nm O S KBRIE. M ABTS W IIABUEMAE, P
b7 AT 5 ABTS H HIZE R TR, AR K 734 nm ARG ERE K. HRIEZE 32 IREEIO156 T ABTS
H HIEERR I T, BEAENG . FRE 11.529 gABTS &AL, &ET 30 mL 2808/K, BLHIN 7 mmol L1 89 A
BTS ¥, #RHL1.759 g iR AR B Thedrh, AWM T 30 mL Z818K, BLHIY 2.45 mmol L1 1)
I RER B . SRR G BRER A AR ABTS Will, RS G T IEAL 12~16 h, BCHI R ABTS™H
Mo /K ZERBE ABTSVAM, 8 HAERK 734 nm &MOGEE A 0.70. BL 0.2 mL ARRHE T 5 m
L B0, I 3.8 mL ABTSYAW, fEHIR TR EEG RN 10 min, WERKK 734 nm &ML
FE (A'D. PL02 mL /KB AN, WK 734 nm &RBO6E (A'y. SHRBESETIR, LR
RERKHEUE, HABUEBCFAME. ABTS H HEERERHERLAL (3):

ABTSH HEEEHZE = (A’ -A' ) /A" x100% (3)

K, Ao ALK OGEEEPA 734 nm ARG REE; AY ARERFSIHMAE I 734 nm AL IROEEE
1.4 BUESHH
KH Excel 2007 %f R A5 31T 40 1140, A SPSS 20.0 #EATAH ME 4T o

2 HRE50H
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Al FH A €T 5 U B FH 23 BT A3 23 B A P ek 2 R ARy A s AR AR A Y ) AL 22 1 7y, 15 B B i 25 Y A
¥ GC-MS BB 7 (E 1-6).
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Fig.6 Citral ZS-W5 (N3) camphor essential oil GC-MS total ion flow diagram
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Table 1 Chemical composition analysis of eucalyptus and citral camphor trees

AHXF R R W AHXS ¥ & Relative content/%
75 Hfage MR E &R
. 7 Molecul
No. RI FEH RI Compounds name Al A2 A3 NI N2 N3
ar
(lit) (exp)
1 934 937 a-JEH# a —Pinene CioHie 4.72 4.78 4.47 0.95 111 0.38
2 949 951 # M Camphene CioH16 0.13 0.13 0.13 0.60 0.81 0.23
3 973 973 12J#i Sabinene CioHis 19.36 189 18.67 0.20 0.62 0.31
4 973 978 B —JRM B —Pinene CioHi1s 3.16 3.10 3.08 051 063 030
5 988 986 HHEM B -Myrcene CioH16 1.35 1.30 1.29 0.33 0.21 0.20
6 998 996 JK -4 &Phellandrene CioHis - - - 0.85 - 0.37
7 1 012 1011 2-¥84% 2-Carene CioHis 0.56 0.65 0.60 - - -
8 1024 1025 D-#7# 4% D-Limonene CioH16 0.11 - - 1.44 0.45 0.44
9 1 039 1 038 F41H-yi1 2% Eucalyptol C10H180 56.86 56.94 57.28 0.63 2.37 1.01
10 1 055 1 052 il 147 Terpinolene CioH1e 0.92 1.02 0.95 - - -
11 1 091 1 092 J5 A% Linalool C10H180 1.90 0.67 - 221 1.13 1.08
12 1135 1 139 F/il§ Camphor CioH150 - - - 1.81 036 029
13 1143 1 148 #F3F 1 Citronellal C10H180 - - - 0.80 0.60 1.28
14 (S) - T HE I (S)-cis-Verbe
1 153 1 152 C10H160 - - - 3.15 3.25 2.80
nol
15 1 166 1170 4-15 )7 % Terpinen-4-ol CioH180 0.96 120 1.28 - - -
16 1177 1173 L-o-FA7HEE L-a-Terpineol C10H180 6.48 7.67 8.92 0.26 0.42 -
17 1 210 1 227 P 1eEE Nerol C1oH180 - - - 2.81 1.55 2.92
18 19.2
1231 1 242 PEAEE Neral CioH180 - - - 16.51 17.31
5
19 1244 1 254 M- Geraniol C10H180 - - - 1.80 2.55 1.83
20 23.0
1277 1273 % Geranial CioH150 - - - 19.20 20.65
7
21 1267 1 266 LI JENwlE Bornyl acetate C12H2002 - - - - 071 093
22 HH#%MEd 3,8-Nonadien-2-one, 4,8-di 10.1
1293 1276 C1H180 - - - 13.93 7.58
methyl- 2
23 1 327 1 326 LIRSk Citronellol acetate Ci2H2,0, - - - - 0.37 0.80
24 1 356 1 359 LB REAEHE Nerol acetate Ci2H2,0, - - - - 3.14 1.90
25 1 392 1 390 B-G¥1Hi B —Caryophyllene CisH2a 0.21 0.23 0.17 343 1.57 3.12
26 1 425 1 428 T % Humulene CisHa4 0.14 0.14 0.12 0.94 0.74 1.34
27 1 456 1 464 B-B#M B —Selinene CisHo4 - - - 1.23 - 1.86
28 1465 1465 y-#i % H% y-Elemene CisHas 0.44 0.49 0.41 0.69 - 1.93
29 1522 1544 S -FE A6 E-Nerolidol CisH260 - - - 0.93 - 0.36
30 1541 1545 M7 B2 (-)Spathulenol CisH240 - - - 1.36 028  4.14
31 TR TR F-1-F 404 Diepicedren
1547 1551 C15H240 - - - 1051 1048 9.89
e-1-oxide
32 1571 1576 AL 17 #% Caryophyllene oxide CisH240 - - - 151 2.98 2.69
33 FEIGIAE ALY Isoaromadendr
1611 1612 Ci5H240 - - - 0.90 1.92 2.21
ene epoxide

1113



U E ML AR 2 S34 22U M2

43 5 2 Lt Ingredients account for the total percentage 98.15 96.18 96.67 89.49 90.69 90.15
Lg% 2 Hydrocarbon monoterpene 30.20 28.86 28.24 4.88 3.83 223
A% 5525 Oxygenated monoterpenes 67.58 67.50 68.43 63.11  65.38 57.68
H1ii Monoterpenes 97.78 96.36 96.67 67.99  69.21 59.91
5240 5 )2 Sesquiterpenes olefins 0.79 0 0 5.60 2.31 6.32
B UG JE Oxygenated sesquiterpenes 0 0.86 0.70 1349 1076 16.32
%21 Sesquiterpenes 0.79 0.86 0.70 19.09  13.07 22.64
A R RL (i) RIEFHNEARERE BN TIEIREIRE), Rl (exp): 7 WileyTn.UNIST17.L Bl BIE-PAREAE R (BB EE T #
AY“fREA1E%0" . Note: "-": The component is not detected. RI (lit): The "retention index" measured experimentally relative to the saturated alkane st

andard;. RI(exp): The "retention index" in the Wiley7n.I/NIST17 library looking for according to the corresponding database.

MR 1ATAL, SEmT 0.1% Mk & 3Lt 33 Fl, REONMMEE. B2k, B2, Feds. Mt Rz
FERAG I KT 1% 2B 15 B, Hodkge sl AR & ey (57.28%6 )5 R 28 B AR AR R vl
TR SIS ER G (68.43%), HUCHRMIRRAEY) (30.2%) MfEFkitsib &% (0.8
6%), FTAMPEMLEYERED (0.86%). AR BURRRE M E B ER A SR, KT 1%8 3R 2
B 30 F, SR E NRTIERE (RBEREAEEE), (GHN 42.32%; s BURamoRs i b & 5 s
FEMm G ER s (6538%), HICHEAMSEMRUEY (16.32%) FfFEmb&Y (6.32%), H
IR (4.88%) KA BRIK.

22 EMARBMTEEEERE RS

22.1 RREKAZFEAH S DPPH 4= ABTS A w1 £ 69 1k /)

M2 2 AT, AL A AR 6t DPPH A1 ABTS [ FH 3 (1035 B BE 77450 BE AR s 1ol 34 5 10 34 o v 34
I, HAERRE s ABTS H HEEMERRAE AL DPPH [ HFE4ES, Rl R AR MORS b DPPH [ i3
[R5 B e S TR IS B RS I . FH 2K 122 (A3) XF DPPH B HI3ETEFRBE i 82.60% (UK 1
28 gL'V, MBiBHMEXTHE BHA JEBRR (77.85% ). MIKFEN 128 g L', FEREXT ABTS H LM REE
J15c5R; FEHHER 114 (A2) X ABTS H HIERFEMRZF A SN 62.88% (IKEE 128 gL, KT FHMEXHE B
HA /&% (93.57%).

&2 1ERIEMXT DPPH A1 ABTS B HREA)EMEE
Table 2 DPPH and ABTS free radical scavenging abilities of different camphor tree essential oils

FEMR SR = JREHRE DPPH &% ABTS jBRR %
Sample No. Mass concentration/ (g L) DPPH scavenging rate/% ABTS scavenging rate/ %
128 82.19+0.45a 60.32+0.42a
. 64 75.77+0.28b 35.52+1.34b
Fem i 2 34
32 69.5120.19¢ 20.56+0.27¢
Eucalyptus 34 (A 16 43.32+1.01d 16.07+0.44a
128 82.19+0.56a 62.88+1.54a
64 80.24+0.17b 37.67+0.37b
FemahE 114
32 79.29+0.25¢ 19.30+0.62¢
Eucalyptus 114 (A2) 16 49.58+£0.19d 11.73+0.55d
128 82.60+0.15a 62.46+0.27a
o 64 79.77+1.21b 35.07+0.39¢
FeH R 122
32 58.89+0.35¢ 15.87+0.52b
Eucal 122 (A
ucalyptus 122 (A3) 16 53.85+1.22d 11.300.17a
128 75.55+0.72a 60.39+0.03a
s 64 66.52+0.13b 39.62+0.26b
FA5 % NGN-1
32 30.97+0.52¢ 21.2620.17¢
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Citral NGN-1 (N1) 16 23.89+0.33d 13.06+0.11d
128 76.03+0.57a 54.32+1.02a

S ZS-W3 64 32.93+0.23b 35.26+0.13¢
Citral ZS-W3 (N2) 32 27.15+0.28¢ 26.45+0.75b
16 8.57+0.73d 18.1240.24a

128 73.29+0.14a 58.490.19a

FEmE ZS-W5 64 57.02+0.13b 32.94+0.03b

2 47.98+0.21 16.19+0.05

Citral ZS-W5 (N3) 3 79 ¢ 9+0.05¢
16 5.64+0.25d 6.72+0.12d

128 77.85+0.32a 93.57+0.11a

TSI AL Butyl hydro 64 76.34+0.12b 93.36+0.24a
xyanisole (BHA) 32 75.5240.41¢ 93.49+0.03a
16 73.35+0.13d 93.47+0.52a

D RPEBAFIREE, FRVNEFBRTEA—TUHRAEIRELETHEREEZEREZ (P <0.05), TR, Note: The data in the tabl
e are the meantstandard deviation. Different lowercase letters indicate significant difference at 0.05 level among different concentration treatments o
f the same clone.The same follow.

222 A b DPPH = ABTS & v A A1k ft 77 69 1C50 14
HI3% 3 AT, Al 3 TR RORE M ) DPPH 1Cso ELIG, RILL BT RIHT AN . Pearson AH
KM (R 4), DPPH ICs {H 5 Sl i eI S WHI & B EE TR (P<0.05), SRS ENK
BFIEMR (P<0.01). ABTS ICs{H 5 &AM GG EEZ AR (P0.05), HEAMFRER
WA &R EAK (P<0.05).
* 3 iERIE B DPPH A ABTS B EEERREE A ICs &
Table 3 IC50 values for DPPH and ABTS radical scavenging capacity of different camphor essential oils

PPk DPPH i FR 2 1Cso 1 ABTS iHFRE 1Cs0 18
Sample Number ICso of DPPH scavenging rate/ ICsp of ABTS scavenging rate/
@Lh @i
HRHHE 34 Bucalyptus 34 (A1) 22.88+1.29 45541534
Fert-ah# 114 Eucalyptus 114 (A2) 14,2540 48¢ 31.9140.8%a
el 122 Eucalyptus 122 (A3) 18.3846.52b 31.6540.37a
Fr#®E NGN-1 Citral NGN-1 (N1) 59.9940.94b 93.2842.11b
i ZS-W3 Citral ZS-W3 (N2) 77.17+1.65a 34.4643.93¢
FrigiE 2s-W5 Citral ZS-W5 (N3) 44,4540 54¢ 108.38-1.39a
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F 4 1Cso E5ERKE MY DPPH 1 ABTS B £ B EE SIRIHE X IERE

Table 4 IC50 values correlate matrix with DPPH and ABTS radical scavenging capacity of camphor essential oil

DPPH ABTS
- o " N . LB B
L et i i ims R RS 1 4 i} = %
Tii Jiike Hydr W5 O t JfiHE Sesquit i O ted i S DRI E {3
| ik Hydr i Oxygena Moroterps Wke Sesquit i xygenate *"“‘_5 R L _ DPPH ABTS
Items ocarbon m  ed monoterp erpenesolefin sesquiterpene  squiterp  Eucalyp Citr
nes scav  scaven
onoterpene enes N N enes tus al . X
engin ging r
g rate  ate
L
J& Hydrocarb
on monoterpe
ne
BRI Ox
ygenated mon 0.750 1
oterpenes
FAii% Monoter
0.989™ 0.840" 1
penes
fE i e
Sesquiterpene -0.893" -0.896" -0.934™ 1
solefins
EEREEa
Oxygenated s -0.979" -0.856" -0.995™ 0.963" 1
esquiterpenes
&2 Sesqu
-0.962™ -0.873" -0.985™ 0.981™ 0.997™ 1
iterpenes
FEH-h R Bu
0.997™ 0.789 0.984™ -0.880" -0.973™ 0.957" 1
calyptus
Fri
-0.993™ -0.750 -0.972™ 0.825" 0.950™ 0.925™ -0.993™ 1
Citral
DPPH i
DPPH scave -0.889" -0.406 -0.821" 0.626 0.784 0.745 -0.901" 0.930™ 1
nging rate
ABTS J#k%
Z ABTS sca -0.686 -0.915" -0.769 0.933" 0.815" 0.855" -0.690 0.612 0.347 1

venging rate

2.3 £} DPPH 1 ABTS B HEMEREE
1% 5 AT, 4igE %t DPPH A1 ABTS i B2 735008 2.35%~53.24% 3.24%~10.50%. A% 2 i
REFG 2B EE N DPPH B HZEIERRAE ) TATERIE RS, Ml s 114 (A2) 20§37 DPPH H HEE I kR %
KN 53.24%. Zligaxt DPPH il ABTS [ H3E A KR AE S T K o
£S5 TREMERISHLEET DPPH #1 ABTS BEEBREEN
Table 5 DPPH and ABTS free radical scavenging abilities of different camphor tree oils hydrosols

etk DPPH %% ABTS J5k %

Sample No. DPPH scavenging rate/% ABTS scavenging rate/ %
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1% 2 34 Eucalyptus 34 (A1) 36.43+0.16¢ 10.50+0.25a
FZIJHE 114 Bucalyptus 114 (A2) 53.24+0.03a 3.63+0.86¢
FH-HER 122 Eucalyptus 122 (A3) 51.15+0.12b 4.86+0.13b
¥R NGN-1 Citral NGN-1 (N1) 2.35+0.05¢ 9.06+0.14a
FrigE ZS-W3 Citral ZS-W3 (N2) 7.26+0.17b 3.24+0.26¢
FriglE ZS-WS Citral ZS-W5 (N3) 10.58+0.17a 7.68+0.11b
3 Wie

FERG I i 22 BRIFT AR I TR R RS T B2 T, AR . AU D-FPigias . AR S B — 2 LA
T fig F7200, Kl = BRI AE 128 gL' X DPPH [ HIEHHE Rk 82.60%, EAHE KKK
71, XEEE SRR RS R —8 AP, M i 2R SR RO A T R AR S R 57.28%, A
ERTOATRP AT HERSE (37.77%) 192U, FrEREAN &8 (42.32%) mT s, EMEEy
OS2, fF1R AR A4 R B SR RN E

AN 2 TR R T BB VE AN [R], 3K 5 TR T A 2 B o3 S AR AN ) o SRR YRl 11 1 25
DIINZ, AW WIS, WK IRIRREE, IR B TE AR RS T P A R AR 23, e i
FAVRIpT AR I SRR R TR s S K IImE SR 0T, T 28 rh SR OV ) & B i AR R b e e A
BRI, Xl TR A 5 5 B AR AEPUEANR L, ATIARERR E AR ke i 2R B AR R
A THH P B B v T AT AR I SRR T, Al B AR TATIR R R R s — LR RS R R A AL
PEGE T (5 25 S), IX 2 T B0 I 2R TR RS Ve () T R A P A T A AR I B AR AR R T T TE SR R . A,
BT RERRE AL i S 2, — SE R A 2 A0 AR L REA , KT 8 A0 PR A (R a3k sl i 1 R 200,

FRIFML 2 AN [F TG 1 R ARG T U R A PEAETE ZE 5, AT BB F T ARG T 1 R B 22 o &
BRI F AN RIS R EFZI R, 3 AN TotE R AR TR B AR AR ], LA By [ 7 22 57 AT
BT IR BN, YK ST f 6 DR 4 51 5 M A A e A 2 2 ) 2 1280,

AN TR P Ao P (PR BRORS J AP AR P AL R D) 22 5, HART KGR Ry, | PR TS PR e ke, 1X 51
AP T 45 R —

FHECARA R, ARl 58 BT & A o b, iR & B RUR . Pra e iss, X5 RESE
ORI 5T 25 AR ML FERG IO R, S22 o ¥ R B i, LAk 5 A IR K R 28 TR KRR 1V 1
gy, FEUAEE B —E I H B EEFR AR RIS BRI R TG . PRI ARRE T e 4 B X DPPH [ FH2E (1)
TEBRAEJTEMIC T X ABTS H HZERRAE 7, MBI B BHA X ABTS H &A1& DPPH, 7] g
JE T BHA. RO A4l # 0f E f B BRIOHLEIA ], AL A AL — 0t 5

4 ik

Ryl 22 RSO P ) R AR SR A 1, 8- ER, AT I AR AR T ) 32 AL S RO R AT
Bl CEMREAIERE) o fE— @ WREJEEIA, PIRP b 2 TR AR Y 1R T 8 e I 8 A P 8 v 38 4
7E 128 gL WRFE RS DU fesiR . Ayl 2 TR DR Vil 1 e e v oo T A A T TR DR il 1
. KM aliEs LA B IR 71, BA BRI RIMEFIH AR L.

% H
A

2 Z X M|
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