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Analysis of Aroma Components and Related Enzymes of Fatty Acid
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Abstract: Apple fruit aroma components of 4 bud sport variants of Fuji, Rall and Red Fuji together
with that of their respective mother plants as the control were analyzed by solid phase microextraction
(SPME) and gas chromatography-mass spectrometry (GC - MS) . The activity changes of enzymes
related with aroma and fatty acids metabolism in the growth stage was further characterized in Rall and its
bud sport variant, which was aimed to provide the fundamental information for the study on bud sports
formation mechanisms and sports variant identification. The results showed that: D116 aroma
components, categorized as 8 different species, were found out from the mature fruits of 8 investigated
cultivars, among which 67 were fatty acid, amounting to 57.8% in this revealed aroma ingredients, being
absolutely predominant in the identified aroma substances; @No regular changes can be drawn out in the

respects of aroma species after comparing aroma components of the variant with their control, but the
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content of the shared components both existed in the variants and its mother plants, the total aroma value
of characteristic aroma components, ester contents and total aroma content in the variant is significantly
higher than that in their respective control; (3 In the late period of fruit development, the activity of 4 key
enzymes in fatty acid metabolism in the red sport variant assumes the increasing trend and is higher than
that in its control.

Key words: apple; red bud sport; aroma component; metabolizing enzyme

CA IITFTT 4l R W], FES A1 4153 P S B L 45 2 AR it P o B R 3 2 —
(Elena & Sara, 1998; Daryl et al., 2009), {HHKFZE (2010) 5K, 1-MCP AL FEAT 405
T AR IR RS . RIS R TR DL RS R R I, A SE R A (R . 2R
B R RLBT EERUE ER (AR 2, 2008), JTJUEMIMEEADL, —H ‘RS OB
EE2/3 LhE, FE W SR, SR At O AR, HA R RS, KL S A (2007,
2008). XIHEESE (2011) A4 (2012) HE— PRSI RENY, “RILFE RERKEEHA—
AR SIEREGRVE, R PG BESEEYET &, RS N LRI SR T S R 1
FSEWITFURAE RO 1-MCP Ab3E, A 30 QIR PG B PETE s SR Shd 8 R LA
MBER SIEHF B, MR s i . IR se a5 R, FR L8R SRR
AT AU TR AR T AR AR — B R, T REX 2 SRR

EARE PR R B OB SR RO R . A CRIE SR AR SRR, A0t AR R 70% A
b (BR2FAR &5, 1994; LR 25, 2003). KL, RAIRHEZEASHUEE, b3 5 SR A 2k )
HABEEE . RN OARZURE, XIBE% (2009) RN, EH R
0 AT 1 O B S A OGRS 1 W 2 5 T I BEA IR Xu 55 (2012) #2070 R, ERSLk
B CEDE AR T MAMYBL RIAIK I E TSR AL T T4 s 5L R A AN [ 2
M L, ERASEETSERNERZRRN ., BG5S R AR R AN LSRR LR
BERAFAEZESE, WA WARIE, (EAUE— D,

A MARIERY], LOX. HPL. ADH Fl AAT &Y AV & (B2 28, 2005) Flfi i
FRARI & 1% (Echeverria et al., 2004a) [FOCHENE; M P (2010) WFFLERM, $H45 1-MCP A3
o H R WAL 42 BB LOX. HPL. ADH. AAT 5B BT, SHERY AN
B ) EZE SRR o ARG A B TR R LD A I REA O AL I 25 s RS Bk —
TRUT T A AR G 07 R A G e 22 5, B AE NI R S A (0 R LB R (LA B R, JE N
/WD T o S VI BV = ) VNS 8 S = B e R S T

QY VL SRS DARE

1.1 #MRENEEE

IREE T 2009—2011 “EAE L A ANV RSV EY A )27 B 5K o p s i s kAT o & AL e AR b &
15623 ZEAF. B 1621 AR, ZDKGEE 3136 ZFAR . EDE AR % B A A AR REAER R, JEiT 8
AR ) S s TR D7 R A A DI M s i R A D 2R AR . B o6 H 14 HIBERR
30d R 1 kFE, 9 14 HJGHERS 10d K 1 REE 10 H 24 HRW, BUCK 10 MR BYSK R JEar
BB UK e [l

MR B IR e DT RTDE B SR R AR R, St e h— 80 W R . 350 R H A
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o HAR B E AT A= 1) GC - MS QP2010Plus SAH 4 iE— Bk I A, H A By UV-2450/2550 %8
AERT LA NG RETE o WE BRI FAR . [ AR TCAE S T4 2 SPME 41 4EAEH Sk 50/30 pm DVB/CAR/
PDMS 44 3 [E Supelco 2 F] 7= i o

12 FLRMBESHD S

12,1 TZ EARMRFERG &

HROHT 0 B SI2 Wk v DDA IS MERIFRER 40 g JBON 100 mL #EJEH, RN NFRY) 3 - Bl (0.4g-L™
5 uL, naad HJEHAE 50 CREJ A EAFE 10 mine RREFHEAICELAG A 250 C ) GC HEFT:
1224 20 min, R4 O P GF BORE SO P AAHL 35 min,  FHEA GC ZEFE T, 230 CAEW 2 min,
W4T GC - MS ¥
122 A8 EEREAT 44

ZWPREEE S (2004) (77L& . FIH Shimadzu GC/MS-QP2010 <A €4 1— 5 it 1
o faRE4qt: AR Rtx-1MS (30 m x 0.25 mm x 0.25 um) ¥F; HEFE DR 200 'C; AR #WIUG
W 35 CHEFE 2 min, B 6 °C - min” JFAE 120 CHAKF 1 min, 4RJ5 LA 10 °C - min™ J} 4 180 C LLJ5 LA
20 °C - min" FF% 230 ‘CHAFF 5 mine JRIESMF: HAN He S, WiE 1.03 mL- min”, HE 7L EL
M REE 70 eVe BT 200 'C, HHTTEIGH: 45 ~ 450 amu. HEFE: AU
123 kb TEn

EMETTEE: 33 GC - MS MR EFRE (TIC) J&, &iHENRFE N 5 NISTOS Jiilk A
ULEC, JF&5a N TEIE AT R GERAT, AT WY o B o R A7 i gy o S8 BTV FIg A )H —
MVE SR A2 o AR O T o |, IR 3 - T W ARIEAT s . A AT AR IE B B A A

(Echeverria et al., 2004b, 2008; Mehinagic et al., 2006; Lépezetal., 2007) Kl EHFSYRH
A, A RIEE A . BAE (KR GF, 2009) AREFRMEEWIN G =S G EY
FABEMIE, FERT VRSOV RIER GRER 4, 2009; £ %, 2010),

1.3 BERERRIHREMEXEEEMENE S *

MRS (LOX) WEPENNE S M A (2003) (K7L, BRVESE: B 2.0 g RAAL, W
BB SR AR, TN 5 mL £ 4 CHA K 50 mmol - L BERZEM (pH 7.0), F4MRA. B
#, 15000 - min" (4 °C) B0 15 min, EFEBT LOXIHTEME. 3 mL RNV AART S 25 ul
SN JEEH—— M RAN R, 2.775 mL 100 mmol - L™ BEFRZEME (pH 5.5), FAMEK 0.2 mL, KMV
P2 30 °C, T 234 nm FIE LOX M. MIAKIBEA S 15 s FFUGTIRS, 125 1 min 5 OD fHA2 1k,
WS PELLAOD 3 U - g FW ERe

St AL EE (HPL) 3G EIE S Salas 25 (1999) 5k, WEAEIET: B 2.0 g RAHA
HAVE TR, AT 2R AR, A 5 mL £ 4 CHA PR, NSRBI A
WHFAMIRS) . e, 150001 - min” (4 °C) B0 30 min, I T HPL 3G PR E o B s 1t 5
BT FH R S N el S S A Wk B, R 3.5 mL R WAK &R, o8 2 mL M 2o, VR
¥ 0.75mL, 1.6 mmol- L' NADH 0.15mL, 0.1 mL ADH F## (0.5 mg - mL™ #IfRZE M, pH 8.6),
FHBEE 0.5 mL, [VARAE 30 °C, T340 nm FllE HPL 351 . IIBES 15 s FFUGTERF, 5% 1 min
P OD {44k, EEFETELLAOD U - g 'FW £,

i i U CADHD 35 19 52 218 Echeverria 25 (2004) 53 PASSE: B 2.0 g H A4
BTN, W T8 W SR AR, I 3 mL 22 4 “CHUA I BUR, 787018 A] R4, 15 000 1 - min™

(4 °C)H &0 30 min, _LiEWH T ADH 36PN E . SR 3 mL AR R, i 2.4 mL MES-Tris 2%
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M (pH 6.5), 0.15mL 1.6 mmol - L NADH, 0.15 mL 80 mmol - L' Z./, 0.3 mL MEHE, KN
f£30 'C, T 340 nm Nl ADH &k AR S 15 s FFAA I, 1d5% 1 min 5 OD {H7284k, BEE
PELLAODs4 U - g'FW e

WM (AAT) 3EPENE 28 Echeverria 55 (2004) (W7 AMAEE S B 3.0 g SR, TN
0.1 g PVPP F1 6 mL 0.1 mol - L™ B#RZ2 1 (pH 7.0), 7EVKIE T 7840 WFEE )% . 15 000 1 - min™ (4 'C)
B0 30 min, IO TEEEHEIE . RNVAKZR M 0.5 mol - L Tris-HCl 25K (pH 7.0). 11.6
mmol - L MgCl. 0.3 mmol - L' Zi# - CoA. 10 mmol - L T M 0.6 mL BRI 7535 C Tk
% 15 min J&, I 150 pL 20 mmol - L™ 5,5 - SN A F R (DTNB), % FE 10 min,
T 412 nm FllE AAT 3Gk, DRSS 15 s FFARVHRF, D% 1 min N OD fHA2 1k, W35 P LA
AODy, U+ g'FW %R,

PA b 4 Fhgys v e i OD (HR8 40 1 AN fidoh 1 U ¥R 3k, BP9,

ot R A Excel BAFIATAEV A0 EE, 75 5 B35 PRS0 AR H DPS3.0 Hdis o A4

2 R

21 TeFTENBRMESHS LRSI
2.1.1 FARUAHNBRALSE

AR s B BEAO AL 8 AN S AL A RS th GC - MS 73T, & 4o & vk S LA 2 [R] i
L NIST library #ZELENT, LS5 8 28 116 P Uisy, HHENRZE 67 Py BESKE 15 Bl milfzk 6
Bl B2 Bl BES S Fh. Bk 12 B WK 3 FRIZRIRK 6 B, P S EKT 0.01 pg - g 1%
A 1. L 1 LA H, 7552 Mo, 8 NSl EHYRINRIA 2 - FETRAN. TR
JERAI O OBESE 10 Py AR R 12 5623 Wt 1621, ZDREZE 3136 SR 6 ASFPRHE eI
S 0% T lE S AR T R4S 7 RSy o (EIX 17 Byl , A 13 RS fE 4t 2 A h il &
B =P

Rl TERERRHRLAEGFETERSES

Table1 Main aromatic components of apple cultivars and red bud sports

i/ (pg-g") Content

4 3136

ARy Rl N s623 AE EDEEE . . 1621 X1 3136 AR
Compound & 15623 S623 Ralls 6 &+ 1621 1621 Red 3136
Fuji 5623 Ralls Fuji 1621 General
control sport control control
3136
5S¢ Esters

T8 £ g Ethyl butanoate 0.0061 0.0020 0.0158 0.0102  0.0071 0.0019 0.0018
NN S Propyl propionate 0.0072 0.0022 0.0123 0.0016
R T 1-butyl acetate 0.0320 0.0125 0.0335 0.0077 0.0509 0.0062
2 - HIL T WG 0.0093 0.0014 0.0262 0.0090 0.0150 0.0029 0.0039 0.0026
2-methyl ethyl butanoate
2 - HIIL 2 TG 0.2515 0.1932 0.1374 0.1381 0.1573 0.1070
2-methyl butyl acetate
TR Propyl butanoate 0.0145 0.0059 0.0243 0.0013 0.0068
P91 ] 18 Butyl propionate 0.0172 0.0148 0.0006 0.0182 0.0047 0.0179 0.0021
ZIRILTE Pentyl acetate 0.0106 0.0070 0.0097 0.0054 0.0109 0.0029
3- AR -2 - T/l 0.0027 0.0017 0.0028 0.0094
3-methyl-2-buten-1-o0l acetate
2 - HI3E - TR G 0.0315 0.0072 0.0524 0.0140 0.0144

Propyl 2-methyl butanoate
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=
%t/ (ug-g') Content
N e By
&giﬁijj w5623 5623 X EDEEE B wble2r 1621 X ]i ?(i jelrzlﬁ 3136 %1
Fuji 5623 5623 control ~ Rallssport  Ralls Fuji 1621 1621 control 1136 3136 control
2 - WL T g 0.0187 0.0365 0.0115 0.013 0.0029
2-methyl butyl propionate
T2 T g Butyl butanoate 0.0179 0.0090 0.0011 0.0011  0.0324 0.0045 0.0418 0.0058
CLR 415 Ethyl hexanoate 0.0448 0.0101 0.0561 0.0264  0.0424 0.0083 0.0239 0.0036
L% CLlE Hexyl acetate 0.219 0.1952 0.0017 0.0066  0.4964 0.4024 0.2530
L - 4~ TR 0.0268
4-hexen-1-ol acetate
252 - Ol 0.0552 0.0781 0.0115 0.0965 0.1084
2-hexen-1-ol acetate
2- HET]TE 0.0478 0.0114 0.0009 0.0009 0.0911 0.0109 0.0943 0.0433
2-methyl butyl butanoate
CURTA S Propyl hexanoate  0.0238 0.0077 0.0866 0.0044 0.0017
2 - WL R 2 - AL TR 0.0226 0.0176 0.0324 0.007 0.0286 0.0110
2-methyl butyl
2-methylbutanoate
R 2.l Hexyl propanoate 0.0606 0.0623 0.0306 0.0085 0.1688 0.1111 0.0549 0.0208
W& - (B) - 2 - OVl 0.0089 0.0224 0.0318 0.0371 0.0159 0.0061
(E)-2-hexenyl propanoate
3- FHETRR T M 0.0079 0.001 0.0017 0.0086 0.0164
2-methyl butyl butanoate
2 - ST R R B 0.0067 0.0011 0.0153 0.0016 0.0142 0.0023
Pentyl 2-methyl butanoate
TR Ll Hexyl butanoate 0.1041 0.0642 0.0405 0.0345 0.3742 0.0930 0.1737 0.0280
2 - WL O g 0.1654 0.0562 0.0471 0.0348  0.5488 0.1019 0.3133 0.0474
Hexyl 2-methyl butyrate
2 - HE O T 0.0087 0.0057 0.0332 0.0050 0.0076 0.0011
2-methyl butyl hexanoate
2 - LN Ol 0.0014 0.0043 0.0113
2-methyl hexyl propionate
T - (B) - 2 - &)l 0.0190 0.0005 0.0676 0.0305 0.0309 0.0088
(E)-2-hexenyl butyrate
VIR A B Propyl octanoate 0.0020 0.0150
L2 (L% Hexyl hexanoate 0.0885 0.0328 0.0261 0.0152  0.3285 0.0617 0.0720 0.0092
IR CL Hexyl formate 0.0746 0.0400
LW - (Z)- 3 - R 0.0224
(Z)-3-hexenyl acetate
R - (B) - 2 - O lig 0.0094 0.0105 0.0023
(E)-2-hexenyl hexanoate
L2 18 Octyl hexanoate 0.0414
2 - (B) - 2 - O 0.1362 0.1602 0.0300
(E)-2-hexenyl acetate
LR 1l Methyl hexanoate 0.0192
VIR 5E I Tsoamyl octanoate 0.0111 0.0016 0.0006
PRI Octyl heptanoate 0.0107 0.0022 0.0014
f#2% Alcohols
IE CUE 1-hexanol 0.0576 0.0588 0.1016 0.0090 0.0071
(B)-2- OV -1 - 7 0.0112 0.0119 0.0512 0.0413  0.0287
(E)-2-Hexen-1-o0l
2-HSE-1-TH 0.0213 0.0179 0.0059 0.0195 0.0101 0.0097 0.0088
2-methyl-1-butanol
Kekes Alkanes
4,7 - “HEA—k 0.0014
4,7-dimethylundecane
P04 Tetradecane 0.0065 0.0041 0.0008 0.0017  0.0137 0.0076
0.0007 0.0937 0.0568

3,6 - “HIE-3,6 4
It - =3403.1.0.02,4)] &k
(E)-3,6-diethyl-3,6-dimethyl-
tricyclo[3.1.0.0(2,4)Thexane
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gk
&/ (ug-g") Content
LARR/ELiN . 21447 3136
Compound F5623 se23 M BDEHA BEDE w62l 162l i oo - C 0 3136 X
Fuji 5623 5623 control  Ralls sport ~ Ralls Fuji 1621 1621 control 3136 3136 control
2,6,10,15 - PYHFEE+kE  0.0008 0.0133 0.0041 0.0007
2,6,10,15-tetramethyl
heptadecane
2% Aldehydes
T Hexanal 0.0014 0.0024 0.0051 0.0089  0.0038 0.0030 0.0013 0.0014
2 - O 2-hexenal 0.0023 0.0035 0.0210 0.0162 0.0046 0.0017
4728 Terpenes
o - B4 o-farnesene 0.6631 0.1238 0.0370 0.0290  1.9250 0.4305 0.3569 0.0138
411,11 - =3 -8 - 0.0336
AL -, XIR[7.2.0] -4-
P4

4,11,11-trimethyl-8-methylene-
Bicyclo[7.2.0]-undec-4-ene

2,12 ARy BALE AL

HRAN GRS HEBEN AR T 1 P HRERS, £ 2 71 T2 M R IE S S &
HAESME. iR 2 JUFEH, 8 NS 6 FHEFER TR, 4 NG ZEAR T RFFIE RS
FEH b 1% B R

R2 TRERBHEALGFERIETSHASRABTSMAE

Table 2 Character impact volatile constituents and odor units in apple cultivars and red bud sports

FA @M, A UH Odor units

ESH 4 TR (ng-gh Jo 72

gi;jﬁij Odogr ¢ w5623 5623 XML EDRIFA EDE w1621 1621 XM Ii?;jeﬁf 3136 %8
threshold Fuji 5623 5623 control Ralls sport Ralls  Fuji 1621 1621 control 3136 3136 control

2 - HEZTR T IR 11 22.86" 17.56 12.49" 12.55 14.30" 9.73
2-methyl butyl acetate
OB 2.1 1 44.80" 10.10 56.10" 2640 42407 8.30 23.90" 3.60
Ethyl hexanoate 2
2O 109.50™ 97.60 330 24820 201.20 126.50™
Hexyl acetate
2 - LT T 17 281 536" 5.55™ 2.55
2-methyl butyl butanoate
2 - CVfi# 2-hexenal 17 1.24
TR g 250 1.50
Hexyl butanoate
A A 179.98™ 12526 57.34™ 2970 309.957  222.05 170.25™ 15.87

Total odor units

TEe ANFIRER RIS FAL (0 25 AR 2 (A RAAE A B 28 5 S PR R t RV, *20 0.05 K, #3405 0.01 /K. R

Note: The odor units of different apple cultivars and red bud sports were tested with t-test method, * indicates 0.05 evel, ** indicates 0.01 level.

The same below.

213 FAMEBBEMELE

I T 8ASRMF (R MESILHE, LA, ZFEMN RS ISR E SRk
B ASAE . H 4 DN FIEER S B ME DS B & T AR AR (R 4),
gyt 1621 ZFASHER S AL S A Ml 2.9356 pg - g F15.2273 pg - ¢, T BFACKT IR 1621 FER &
ARG RN 13530 ng - g 1 1.9057 pg - ¢y 2R 2, 2FAR MG I EMBE R4 7 & B3 i T
WA EOO R ERWI BRI A 3136 A TR, AR SR AR R RGN
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Table 3 Aromatic categories of apple cultivars and red bud sports
A B M Number
A2 51 = N ; = =
Categor w5623 5623 G EDEZEAE EDE w1621 1621 4 2K ZE 3136 3136 Xt &
oy Fuji 5623 5623 control  Ralls sport  Ralls  Fuji 1621 1621 control ~ Red General 3136 3136 control
/524 Esters 36 38 21™ 16 37 37 42" 32
iz Alcohols 4 7 9" 6 4 3 5 5
JefeZk Alkanes 6" 3 1 1 5 7 3 3
%% Aldehydes 3 3 3 4 1 3 2 2
i) Terpenes 3 1 1 3 3 3 1 1
fifil2 Ketones 1 3 2 1 1
k2% Ethers 1 2
42 Heterocycles 1 1 4 3 1
JFHZESL Total number 54 56 41" 35 50" 55 55" 43
R4 TRAERHRLBFEZXIESLSEE
Table 4 Total aroma content of different categories in apple cultivars and red bud sports
AL |
Iy m ;5/ (pg- g ) Content I : _ —
Category w1 5623 5623 M EDGEEAE EDG w1621 1621 X 217 3136 3136 X1
Fuji 5623 5623 control  Ralls sport  Ralls Fuji 1621 1621 control  Red General 3136 3136 control
fig3 Esters 1.2983" 0.9358 0.2684" 0.1626  2.9356" 13530 1.6067" 0.5158
2% Alcohols 0.0975 0.0964 0.0705" 0.0522  0.1555™ 0.0169 0.0245 0.0221
fikeds Alkanes 0.0207 0.0117 0.0008" 0.0017  0.1705™ 0.0908 0.0047 0.0045
3 Aldehydes 0.0045" 0.007 0.0273 0.0316  0.0038" 0.0098 0.0048" 0.0030
i 452 Terpenes 0.6667" 0.1238 0.0370 0.0315 1.9619™ 0.4305 0.3569" 0.0138
2% Ketones 0.0006"™ 0.0040 0.0032 0.0019 0.0019
fik2% Ethers 0.0034 0.0081
Z4312 Heterocycles  0.0010™ 0.0023 0.0129™ 0.0050 0.0028
S % & Total Content  2.0843" 1.1811 0.4201" 0.2891 5.2273" 1.9057 2.0056™ 0.5592
=R (=35 =k Py AL - == 7
22 AeFT 5 EMAEIRERHEXMEE LR,
. e e o N Y \ -y .
PR S FLAT (0, 7 AR A S8 UIR DT IR AR I 4 4 A 5C v ME IR AR Ak a3 WL IR 1
o012 ~ 010 |
z z
o o008 |
0,09 | 0
Dﬁ = 0.06 -
a 006 ~
2 —8— [FJ% Ralls 2 0.04 ¢
s 003 ¢ —— 275 Bud sport I 0.02
a B
—
0 0
£ 030 ~ 010 .
2 5
o 0.25 = 08
5. 0.20 B
g o 0.06 |
g8 o015 g
4 8 o004 |
= 0.10 3
= N
2 005 g 0.02
0 L ﬁ 0
06-14 07-14  08-14 09-14 10-14 07-14 08-14 09-14 10-14
H #] Date H #] Date

1 EXBHEAGFTRLLEIEPREM LOX. HPL. ADH 1 AAT EHEMZEHL
Fig. 1 Activities of LOX, HPL, ADH and AAT in ‘Ralls’ and its red bud sport during fruit development
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M1 T LA H ZEASFIREAON IR LOX MG P (4 B 31 A AL A ANWT SR, 10 1 4 H A 2F28 1) LOX
Pl P Bk s SO g TGS TR Bl LT 5 R B 3 s 2 AR M BREACH ) HPL M M AN T,
HFARAEREAN EAIAACAK, I ETHE S, ek A A IS M S R s 2 AR M REAK
W ADH 2 2 IPIRIBAES KHJE MRS ETHES, MHHNE FEEY, ZFARRREASKT
SRR AAT WS 1 25 5 W) S, BEASORT JE R i 3 1 S S s Bl BT i T B3, 272 2 Bz 1
THEH, IR R X

LRE 4 DEEEVERRAE R T UUE Y, fERSCAHE RN, AR NIRRT 2 ETHES, IR TR
Mo BEYE ETHINEE AR IR AR R, e AR AR AR SR I BRSO R, X 5 2R A RS
AR I P IR o 1 xR A R — 3

3 e

AR (sport) M ZFARGERIEEE TR0 B o3 Ak 2 rh st AL W) i) AR S8AR, IR P S8 AR A AR AN R A=
TE 1 ~ 2 NSRRI, R 556 To M S0 el 2 H R A= BRI R s AN A BRI T 2L
R, PRkl Pk, 52 AR AU AN E A S R A F R, AR AR B AT
SRR, AR B A AL E RS A A R, 1 LR IE )5 R R 2R R 200
RAS, HP I RIIRLL, BRI ZEAR AT 130 A4S, A ES) T35 R A SR B AR bk e (R
& 5, 1994; HEE 5, 2003). Kk, BF— PR R ZEARHLIE K 25 AR 1 R R AR R ORE SR i b s
RAEAHZEE X

KE PRI, 2778 5 RAM A KL P2l R PR OR AR AR S, JLARAR I bR A, A 2 A R 1)
e, RIVHFRRZ MM, B “—RZ7 W5 XIHEEE (2009 HH7TEM, EDL SFERAEAE
TEARAA R (B WAL T REAKT R, 675 10 S AR OCIRE Pk ey T0 SR, 1 BB IS 4 4,
5 REA R ZANR], BARIX AR OGS o th TAR B B “— 2207 Mgl ARWFFTEs SRR,
AR i F 5 N IR A SO R B IR E 224k, (1 8 MR R AT () HHA &=,
FRIER SR AR, BEESEAER DGR, FARRYHES T & AR 2—20
W RWAER SR R, 20t AR R R A QIR A2 4 AN OCHEERG TR 2 ETHE S, Hom X i,
Al BESE 2L (0 ZF AR RS R R R i ' R R . ARSI S R A R BT T SRS
IFPARTEA 8 A “— 2307, A e ) LB LR R A A2 T 5RAE, WA n e e 7o i
VL], AP
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