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Drying kinetics and chemical composition changes of Corydalis yanhusuo
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Abstract: Objective To establish a common drying model of fresh Yanhusuo (Corydalis yanhusuo) for direct drying, boiling and
steaming drying, determine its drying kinetic parameters, and study the changes rule of its active ingredients during drying process.
Methods Ten thin layer drying models (Page, Wang and Singh, Two-term exponential, Newton, Logarithmic, Aghbashlo,
Two-term, Midilli, Diffusion approach, Weibull) were used to fit the drying curves of three kinds of C. yanhusuo at 50, 60, 70 and
80 C, and the determination coefficient (R?) and chi square (x?) and root mean square error (RMSE) were used to judge the fit
equation; The drying kinetic parameters were calculated according to Fick diffusion law; According to the principle of chemical
kinetics, the change rule of effective components in the drying process was studied. Results The common drying model (Midilli
model) of Chinese medicinal materials of C. yanhusuo by three processing methods was determined, and the effective diffusivity
(Derr) of three Chinese medicinal materials of C. yanhusuo were in the range of 7.09 x107°—4.66 x 1078 m?/s and activation energy
(Ea) were in the range of 1.52—1.82 kJ/mol. The changes of polysaccharides, coptisine, tetrahydropalmatine, corydaline and total
alkaloids (the sum of the contents of eight alkaloids, namely protopine, glaucine, coptisine, tetrahydropalmatine, palmatine,
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berberine, dehydrocorydaline, corydaline) all conformed to the first-order kinetic law, and the contents of these five chemical
components decreased with the increase of drying time. Conclusion The drying efficiency of raw products, boiled products and
steamed products has a great difference at a lower temperature. With the increase of drying temperature, the difference is gradually

reduced, and steaming and boiling are beneficial to drying to a certain extent; The drying process has great influence on the quality of

C. yanhusuo; This study provides a reference for the drying method of C. yanhusuo, and is of great significance for guiding the actual

production of C. yanhusuo and improving its quality.

Key words: Corydalis yanhusuo W. T. Wang; drying model; dynamics; change rule; Fick diffusion law; Midilli model; effective
diffusivity; activation energy; polysaccharides; coptidine; tetrahydropalmatine; corydaline; total alkaloids; protopine; glaucine;

bamatine; berberine; dehydrocorydaline
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AR N AT, HoRIN RV S B MY
4E#1% Corydalis yanhusuo W. T. Wang )T J8H 2508,
s T REARRER (REARED) (A6 739 42) [,
HopkwkaE, 350, A, B, BAEEL. 7R
IESEMITR. H TR BERER . IR0
SUIRE P BN, AR B
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o ok JE ) B (HiES PS010567, Jii &) H =
98.0%). MFAIEHL (ft'5 PS022395, 4=
98.0%). Fi&EH (fit5 PS012328, Jii & /%=
98.0%). #EHHZ L ZF (tetrahydropalmatine, THP,
flt-5 PS000988, Jii & 4r%1=98.0%). L5V (k5
PS020011, Jifi & 4> $1=>98.0%). /NEEHH (L5
PS011514, Jfi & 7 50 =985% ). X & X £ W
(dehydrocarbarine, DHP, #t5 PS020439, )i/
$=98.0%). £ EH (L5 PS020384, Jii & /4=
98.0%). D-(+)- oK% M (L5 B21882, Fi&sr
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MAEK, K. WRERER. I CEEN A,
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28 At 25 25 K 5 v 24 M B 9 P 0 2R ) H B0 4
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Bk E7% 10 min, BUE, EKD .
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DS AR E o A R% — g I TR R T 7K 20T 5E 1)
1 Oy Fe il e o &, B3 2 Ol i & 2 /N T
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x1 BFEREFE
Table 1 Mathematical model equation

g it i
Page Y =exp(—kt")[10]
Y=c+at+Dbt210
Y =aexp(—kt)+ (1 —a)exp(—kat)

Wang and Singh
Two-term exponential

SPREFAZ AR E . 788 (50, 60, 70, 80 C)
PR 2 AT A . FEUA T % (mean square
deviation, RMSE ). #H < & %1 (correlation coefficient,
R?) FIRTTRE OO 1ERNEEFBERNAE RS
PIsifE. PG R R2EEET 1. 2 2 RMSE /),
RN S it A2 40L& 15

N

N
R2=1— Z (M Rexp,i_ MRpre,i)Z/Z (MRexp,i_ MR pre,i)2

i=1 i=1
(2
N
22=1—Y_ (MRexpi—MRypre)%(N—n) (3)
i=1
N
RMSE=[ D (MRexpi— MRpre,))2/N]¥2 (4

i=1

N AR, n BT P ZHH, MRegi 55 MRprei
SR TV BB A VR L ) S 1 R

#% 50. 60, 70. 80 C 4 NAS[AJIR S T-H5id 72
) MR {H53& 2 41 10 AN )2 T8 5 B 34T
LA E T, BB, i, IESTE 4
ANFHREET 22, RMSE. R2FEIME . 4550 R,
BRI FF 5 8 % 4 P[RR R 8 HH R T 45 S 36 (40,
A1 R2PEIMERCR. 22 K RMSE “FRMER/DN, 4
579 0.998 6. 0.137 5. 0.011 4, PHtAS LA Az
75 8 REME B U U S R T4k R . AR A

Newton Y =exp(—kt)l*2

Logarithmic Y =aexp(—kt) +-bl22! [T ERE R P S 8 R R4, 18 3IAFE
Aghbashlo Y =exp[—kt/(1+at)](4 JE TS 8 THE, P LATHERE B TR T
Two-term Y =aexp(—kt) +bexp(—gt)i*4 R K2

Midilli Y =aexp(—kt") -+ bt1s] 214 AR KT EIE AR AP R B P (]
Diffusion approach Y =aexp(—kt)+(1—a)exp(—kbt)!**] b5 B2 ON B 07 0k H R AE B R A T MR A Y
Weibull Y =exp[—(t/a)"]"*® (Midilli) F&IA =, BT 211 g 2 MR B2 1HE,

R2 ERRAGMTEHUEER
Table 2 Drying fitting results of C. yanhusuo
. 22 RMSE R2

Page 62.602 03 3913.539 1198.680 0.025396 0.019071 0.014485 0.995244 0.996586 0.998 157

Wang and Singh

1540378 0.335858 0.474152 0.067490 0.099824 0.094 765 0.929538 0.855902 0.882 844

Two-term exponential 16.791 34 4.0708 67 0.551 754 0.033651 0.021939 0.021491 0.993580 0.996 897 0.996 545

Newton
Logarithmic
Aghbashlo
Two-term

Midilli

Diffusion approach
Weibull

16.790 10 200228.5 14900

16.857 38 4.054909 0.523845 0.036208 0.024512 0.023213 0.992451 0.996 253 0.995 831
—0.05652 0.130544 2.005173 0.023193 0.016 410 0.018 158 0.994 575 0.749508 0.996 346
0.032033 0.021911 0.021298 0.994 323 0.996 944 0.996 672
0.543512 37.94584 13.61123 0.014780 0.010655 0.010322 0.997 773 0.999 175 0.999 065
0.106 502 0.168 834 0.137281 0.013203 0.010340 0.010652 0.998201 0.998 874 0.998 876
0.396 215 39.81333 15.98889 0.018377 0.012640 0.011971 0.996596 0.996590 0.998 231
62.409 68 3913.541 1198.646 0.026209 0.017290 0.015804 0.994253 0.997 071 0.995638
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Fig. 1 Drying curves of C. yanhusuo by different processing
methods at different temperatures
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IRFM,  FEFRIAE 2 e R K o AR A
215 TS

(1) ARY AR (Der): THEREFEF RS
HUE — MR RIS, ZI R s B
EBMEW . Knudsen (7% i WoK3h 15 m
MY, XL R ESS R Fick 25 2 EHE X
9 Defts Deft & TIRSEMMAMFN TSRV TH — N EH
B IRRE, e BUR AR LS S T S
B8, FLAEil SRk N 7K 43 e B R 53 1) 1) R
W KRI85 3 75 B BIK S K Detro 7E
FETH R R TR AR, Il E NN EAR N K5
mahERAY HOT  GRAREEE 28770 TR
TSRS FM T, AT,
R ZIE AR N R . GG SLin iRl Lot
HIE R TR FE 7K 5 1) Derd 71,

MR=8n"2 ZN: (2n—+1)%exp[-(2n+1)?n?Derl 2] (5)
tASEIRI (), L AHEEEARLBFEANEE (m), n

¥ A (B) 55 WL HIELE SRR L, mI153)
INMR 5 if[a] t (2R RERE X (A 6D,

INMR= In(8/n2) —n?Dert/L2 6

AR (6) A[7E, InMR SR t Zet:5C &1
R (O FIAL (AKX D,

k=n?Defl/L? @p)

SEIG KRN A 15 F] INMR S5 5F[A] t Z6PESC RN
FERAE, A (7)) 1B3I7K5 1 Detro

(2) WEfkie (Ea): YR ERK Y B SRk
BEAX, HXRFAECH 7 (Arrhenius
equation). T Ea Fon T Mg #2 vh 28R S AL o (1)
HIK TR Z R B 3ReE, YR Ea BKRHH
B EO8, De 5 Ea UK R ATHRYE Arrhenius 77
FEHEAL,

Defr=Doexp(—Ea/RT) ®
Do & Arrhenius J7 F2 FEHTE T (m?/s), R NS4 40 [8.31
J(mol K)1, T HNTHERE (K

B A (8) F55 W5 mI L SR £, FT453)
InDet 5 LT W&kt X R KIEA (AKX D).

InDefr=INDo— Eo/RT (9)

XS IS HAR A LG K (9) TI133] InDer 5
UT MR RIIRIZRAE-ESR, MNMTHEH Eao
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(1) Desr: H Fick ¥ 87 BT THEEH R T
EEE R K AR RS RIER (7D, HE
3 Dette ARINT 70, TR T RES R A R0K
DY AR 3 Frn. R 3 WM, THEEER
B, BRUKST BUREL Derr 0K . X2 TR & IR
FERIT T, IEBAZR MK o T I8 38 it .

(2) EBa: TFEPTSIE AR BT FRAEA [FR B
I Detrs 1E Detr SRR H0 530 5 BIBUR (9% &R
K, TR Der 5 Ea X R AIHRYE Arrhenius 75 %
X (8), mTUARE 2 frociiiZeas . WK 2

Fz 3 WEHARZAME Der it E(E
Table 3 Desf calculation value of C. Rhizoma

Defrl(X 1078 m2-s71)

JE - - - -
50 C 60 C 70 C 80 C
A 0.709 2.43 3.24 3.65
E 0.912 2.94 3.14 4.15
7R 1.013 3.16 3.14 4.66
T b
=17
=
g
= -18
INDesr=-219.207 8/T—14.189 8
-19
i
=17
=
g
- -18
INDesr——193.465 0/T—14.463 3
-19
i
=17
=
a8
=
- -18
INDe;=-190.211 1/T—14.441 6

0.012 0.016 0.020
ur

2 TEMIARBERRZHM InDerr 5 1T Z[EHIXFH
Fig. 2 Relationship between In Dest and 1/T of C. yanhusuo
by different processing methods of

[ EF, LR TSRS InDer 5 LT I
KR, HLHTHESHN InDer=-219.207 8/T —
14.189 8 (/£ ). InDer=—193.465 0/T —14.463 3 (&
i)y INDer=-190.211 1/T —14.441 6 (Z%&), iz
(9) AIREHR TSRS B 20N 1.82,
1.61. 1.58 kd/mol. HBtm] %N, EHAZR AR M IITEILRE
KT S 288, ULBALEAR (R 7K S AN A 2% A
T, RGBS TR,

22 LEHRRTEIERUZERSTUMERR
221 FEHREFEMEIE  BUEEHZRFERZH 200 g,
Peid, BRERY, KR, BRBWIITES, £
BV A6, 788 10 min, EUE, 7680 CF
T, BN 2 h BUE G, 5T, HZE 10h (T 8
h K& 2 e, K <13%), BN TEE
2 3W. WEHIREY). ZHE. AWmEa Sk
=

222 Y I CHEZH) 2020 R EEA T
B EEE GEN 2201) T T M RIRIENE .
223 ZpE

(1) XTI VA 46 B 105 C R )@ ztE
SE R D-(+)-Jo/KE A I 10 mg, FEERR
€, FZEWKERAESE 100 mL 2iit, 53]
D-(+)- T /K7l %7 FRT i % 2V 100.6 pg/mL.

(2) B FIEIR I H & BUESZRB K (3 5
fifi) 0.59, FEFEFRE, TN 50 52 MK 1
h, ¥#1J5 2500 r/min &0 10 min, A% =8 FiE R
5 mL, H4fENIEKLEEDTELR, 2500 r/min
B0 10 min, FE RIEW, WEEDTEYHE 2 TR
e, FHUKEMRGERE 500 mL &, HEE
ZIBE, PRET, 1FBIAEHR 2 MRS -

(3) FFE SRR E « K2R S ¥ 1 mL
FRE T, I 1 mL 5% AR, 5 mL iRAR R
AE, BT EEAR I 15 min, B B T UkoK i
AHEER. L1mL AKRNE A, T 490 nm ALN5E
WOGRE (A {0,

(A)Z M [a] 5 7 72 - B D-(+)-JC /K % %5 9% 10 mg,
FEEME, MKERZE 10 mL, B 0.10 mg/mL
(T HE B VAT o ARG R R o R AR 0.2 0.3,
0.4. 0.5, 0.6, 0.7. 0.8. 1.0mL Tk, 25lin
KZE1mL, A 1 mL5S%AEMmER, 5mL ki
g, IREE. BT iKEH A 15 min, FHET
HOKBHBFEEER. LL1mLKAZE A, T 490 nm
e A H. DUTEIRE (C NiAsR, A fEN
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PALNR I A R AR M 2R, TR VERDS, 1530
A5 7% A=8.590 8 C—0.014 4, R2=0.999 4, itk
Y 0.02~0.10 mg/mL.

(5) FEE LIRS KEHI D-(+)-Jo /K i %) H
R 0.5 mL, sk 0.5 mL, M iR ik
JEME A, ESEIE 6 K. LN e 8 ) X I
T RSD {4 0.04%, A 5 1L RS 25 B KL 4 o

(6) EEMIRK: BEEHRN K 6 1, HER
&, W ERTVERAENE A Z05E R RSD
B9 0.89%, RHITVEHIEENMER L.

(7 FEtEilse: HUA—FEms, B ERTy
HRAS, BN 15 min JllE A, ESHIE 6 k. &
T ERESL ) RSD B 0.12%, R BIRESVEAE 90
min P FRE I R 47

(8) hnkemI R AL : B 0.25 g CAIEHRZ
S RIGFES, RERRE, 23 0.25 g 1EH %
FEM TS M Z HE S B AR A, AT 6 14,
LM TR RSD AN 1.75%, “FXJEICES
96.33%, FKHATIEMINEEE RAT.

2.2.4  EWIE,

(D AR mH S BARHR (=5
i) 21050, MEME, B VREIRT, HHEMA
WRER-HEE (1:20) JRAVER 50 mL, FREM
B, IR Th EhEkenim 1h, 504, BRRERE,
PRI -HEE (10 200 TR S VAR E ek 2 1 5
&, B4, . R EmNESEm 25 mL, AT
BRI AR, A 5 mL =i, HMBRE
ZIEE, $5), e, HNERUEM, BPASHLRmIE TR

(2) X HE SR A5 USRI o Bel A SR
Bl BERN. THP. ELSyT. /NBEGR. DHP. K&
B0 B G B, R EARE, BT 25 mL ERE R,
F B BB R E, 1250, 13 R B 707l 152.8.
162.1. 161.9. 174.2. 20.5. 40.2. 196.3. 99.8 pg/mL
(PRI Xof Tt i 45 VR

(3) tilh 4. itk >y Agilent Zorbax SB-Cas
FE (250 mmXx4.6 mm, 5 pm); VAN ZE-0.1
mol/L I ER B /K VA (B 1 L ¥ WU FF R 120 pl),
B B : 0~50 min, 20%~30%Z.Ji&; 50~70 min,
30% MG KK 280 nm; ARl 20 C; BEFEE
10 pL; AR E 1 mL/min. 3% & LA 3.

(4) BNERRFEL: I3 RS B RO HE ot i 2
1. 2. 3. 4. 6. 8mL & 10 mL &+, InHEE
MR ERRZIE, 5, JRFINBBER. %

2

A
1
B
1

0 0 20 3 40 50 60 70
t/min
L-JRB Aok 2-ME A5 3-FEM 4-THP 5-EEEJT  6-/hEE
T 7-DHP  8-%53if

1-protopine  2-glaucine  3-coptisine ~ 4-THP  5-palmatine
6-berberine  7-DHP  8-corydaline
E3 8HEImEERM (A) FIEHZRZEM (B) A HPLCE

Fig. 3 HPLC of eight alkaloids reference substances (A)
and steamed C. yanhusuo sample (B)

B EIERFAEEATIE, PSR AAR (Y),
HERE R R IRBE AR AL R OO, 41 Bl filbriE M2k,
BEAT S E RV, A5 B T7 R 43 0 9 SRR B Y =
436108 X—1.28X10%, R2=0.999 4, 1kt
15.28~152.80 pg/mL; 3% 5K Y=2.56 X107 X—
5.81X10% R?=0.999 4, ZMjulH 16.21~162.08
ug/mL; FEERL Y=3.00X107 X—8.40X 104, R?=
0.999 4, Z&VEEE 16.19~161.92 ug/mL; THP Y=
1.04 X107 X—2.71X 104, R?=0.999 4, 17.42~174.20
pg/mL; BT Y=3.74X10" X—3.05X 104, R?=
0.999 8, kMl 2.05~20.48 pg/mL; /NEERR Y=
3.24X107 X—4.95X10%, R2=0.998 2, kiU
4.02 ~40.16 pg/mL; DHP Y = 3.44X107 X —
5.74X10°% R?=0.999 4, ZM:jul 19.63~196.32
ng/mb; R Y=8.02X106 X—5.90%X 104, R2=
0.998 2, ZkMul 9.98~99.84 pg/mL; 25 F KM,
FIRVR T E & B 2T N S R R AT

(5) FEEERE: HURAXM I MEE, #% Lk
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R EE IR 6 I, RSO, 453
SRR Fr o, AR SRR B THP. 57T, /b
BERE . DHP. 25E RIS AR RSD 437124 0.63%.
0.47%.0.71%- 0.50%. 0.80%- 0.68% . 0.75%- 0.56%,
NG 2 B R A

(6) FaEPEiRkaG: HUAESH R o il £l b v
Wi, A THl%)E 0. 2. 4. 6. 8. 12, 24 hi% L
R EGEFZAEHREN T, ICRS ORI, 4R E
BT R ook WEZESEAR . BEIERR. THP. ELIyT. /NEE
Bk, DHP. ZLEHUEMAN RSD 7 hlA4 1.28%.
0.63%. 0.47%. 0.63%- 0.94%. 0.78%- 0.53%. 0.63%,
LI RAE 24 h WARE

(7) BRI HUE R ok AR &AL
VAL AT 6 4y, X R R T E, 12
SRS IETAN . S5 SRR AR, RS
B, THP. EEEVT. /NEE. DHP. 55 H g A
() RSD 43514 1.10%-1.33%-0.35%.1.61%. 1.78%.
1.41%. 1.32%. 0.59%, FIHZTIEEE MR,

(8) JNFE [EISCRARTS : HUAESH ZAE SR K 6 10,
3 0.25 g, FEEFE, WREEIAME S TIHAEY
BB 1.0 fRR IR, d A%, %k
B EGEFAEATIE, ICRSIETA, 2Rt 8
FhAE DB AL TIOR3 SR TR Bl VA 2 S

SEEINRE RIS R 2 ) 96.10%. 98.24%. 99.83%.
101.18%. 98.24%. 100.97%. 100.09%. 99.40%,
RSD 43514 1.38%. 1.44%. 1.98%. 1.42%. 1.59%.
2.47%. 1.79%. 1.05%.
225 EHHR TR PR BRI X
A% 11 M2z GREY. 20, JERT i,
BESERR. FOERR. THP. BT, /NEEGR. DHP.
LE. DAY HTIE g RILE D,
FEFIFH SPSS 20.0 FA X H 5 T4 [A] () 56 R AT
[E] o0 7200, FENT ZpE, BEER. THP. 6.
SAEVIRIE) BT R, SR E 5. S
O S R R R, e R RR KT
0.62 (% )5 R2LL 0.6 J 5%, AIRHTIE 4T, M
5 MY ER S — X515 TR R E R K
E, WHZEBIRAN, mARHEHEN 15 IR
HAR WK 4.
3 Wit

AT FRGBEQE S ZR S0 0 R e Peif e 7%
oE 3 FPOE I T AR, TS 4> AR T 50 60,
70, 80 CHHMTTEEMFTL. BB ME, 5T 3
FRIESAZR 250 TR LA BIAL (Midilli B2,

TN 1S HOT AR BN, 3 MIEHHRY
W) Dert i (7.09X1079~4.66X108 m¥s) K E.fii

TIERL. THP. 25T, /NEBERE. DHP. “5H B

F4 EHARBTFIES LHUZERIEENELER n=2)

Table 4 Determination results of 11 chemical components in C. yanhusuo during drying (n = 2)

(1.52~1.82 ki/mol) AHXF 84 7= i e (G5

[ > #u(mg-g )

R A SRR AoBR R ESEEN SOER  THP YT NEERL DHP REGN SRV
2h-1 21.3 44.4 131.724 111.124  127.947 147.694 12292 3.736 43.400 349.724 927.641
2h-2 20.8 422 137.832 115.886  130.374 153.647 13.369 3.811 47.165 394.353 996.437
2h-3 21.6 42.8 107.992 109.517  117.551 145.001 13.531 3.536 48.922 368.871 914.920
4h-1 21.7 423 138.748 110.240  113.703 153.057 15.600 4.481 56.449 379.843 972.121
4h-2 21.1 429 134.077 112.237 114590 154.031 15.599 3917 56.828 386.089 977.368
4h-3 22.0 35.6 145.005 107.561 115.786 152.008 16.236 4.322 58.667 363.849 963.434
6h-1 21.8 335 133.654 99.301 113.735 145.088 15.364 5.605 54.360 352.458 919.565
6h-2 215 335 129.453 123.806 123.730 156.295 17.420 4977 65.394 400.110 1021.187
6h-3 21.4 33.3 132.771 116.175 118.048 149.305 16.903 4570 63.986 379.469 981.226
8h-1 215 304 144.288 122.282 103.772 146.082 22570 6.887 91.820 363.229 1000.931
8h-2 21.8 344 139.414 100.436  101.829 140.128 23.391 4570 87.947 339.698 937.414
8h-3 21.9 325 137.858 106.413 99.766 140.135 23.717 4580 94.544 347.060 954.073
10h-1 20.9 304 121.609 107.082 100.598 140.974 18.467 4565 77.429 364.021 934.744
10h-2 21.4 33.0 138.203 109.111  107.351 148.067 19.326 4.100 81.116 369.947 977.220
10h-3 20.8 29.5 133.507 104.164  109.739 140.878 20.224 4477 82.736 350.986 946.712
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x5 WARMTERED S MUFEHITRE—RHHFH K R?
Table 5 K and R? of zero order and first order kinetics of five chemical components in C. yanhusuo during drying

T S L — RN
=35 %x - ;
K R2 5 R? K R2 W5 R?
EZ 1.608 3 0.909 9 0.8798 0.0440 0.9200 0.8933
T 3.057 1 0.7600 0.6800 0.029 4 0.759 4 0.679 2
THP 2.1106 0.9125 0.8833 0.0146 0.909 8 0.8797
ST, 5.2820 0.752 6 0.6701 0.014 8 0.748 8 0.665 1
B, 8.2745 0.716 2 0.6215 0.008 8 0.7104 0.6139
¥ 367 iy 147 mhp
2 28 Y=3.0571 X—0.686 5 Y=2.1106 X—8.697 1
8
e =2 y 5}
? Lo i
S O o 2
—6 Y=1.608 3 X—12.963 3
-10 —4
4
2 6 10 2 6 10 2 6 10
FJEastE]/h FJE e [R)/n F-JEEstTE]/h
40 wewpy 501 ey
30 Y=5.2820X—20.1510
_ 20 0 Y=8.2745 X—55.469 9
@) (@)
5 10 S
-10
0
-10
-40
2 6 10 2 6 10
T Al /h T [A]/h

B4 EERARTEIESTH 5 MUFERDIMNHFER

Fig. 4 Kinetic model of five chemical components in drying process of C. yanhusuo

A 1X1079~1X107 m?/s J& 12.7~110 kd/mol) 3%
AT N BIRAENVEE . SR AN FERALI TR 24
HA B 1S BT RERAT A F RS AE X (8] . A
Bb, AR 25 T R AR REAT AT L, AR
REFRATA IR A [F) Az th 24560 T A B R S
THRBN A S HBUE X R, X ]y rp 2041
T AR S AN 58 3 AR RIEAL KKt I n] DL e,
XA [F AL 254 )T R AR R AT BEAE T 55 X 4]
AR, SBRAEF Th TR R TR S
e iRfts%.

IR TR AR RO R A I T 45 R 3R
B, ZWE. B, THP. REGURLS A AR
WEIRF &N 1. SEWI R HIX 5 R b2l
o3 RS BB TR TR G T ek, BRI, SERA R
TR RN TR R, AR, 46E

R TR K & ENAR, HEFE TR

8 ho 7EXTREBHZR (T8 St B b AT VPAN T, AR

EHR PGS S ERATHELE, BT R

AR A IR AT R T, DN PRAE ZE B 2R 5 T

A BRI TR SR AR ALRL 2 AR .
RBAFR A ENRAEAEA R TR
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