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Study on process of ultrasonic assisted extraction and purification of
polysaccharides from Phyllanthus emblica Linn.
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XU Fang, YANG Xue, WU Zhi-Shuang”

(School of Public Health, Kunming Medical University, Kunming 650500, China)

ABSTRACT: Objective To extract polysaccharides from Phyllanthus emblica Linn. by ultrasonic assisted
method, and purify the polysaccharides by macroporous resin and dialysis. Methods Single factor experiment
and orthogonal experiment were used to optimize the extraction process, decolorization and purification process.
Results The optimum conditions of Phyllanthus emblica Linn. polysaccharides were as follows: Ultrasonic
power 180 W, ultrasonic temperature 50 °C, ultrasonic time 45 min, solid-liquid ratio 1:50 (m:V), and the yield
was 6.18%. The decolorization conditions of Phyllanthus emblica Linn. polysaccharides by X-5 macroporous resin
were as follows: Five mg/mL Phyllanthus emblica Linn. polysaccharides solution, temperature 40 °C, resin dosage
1 g, time 1 h, pH 1, pigment removal rate was 82.21%, polysaccharides retention rate was 94.86%; after purification,
the purity of Phyllanthus emblica Linn. polysaccharides was increased from 31% to 91%. Conclusion The optimal
extraction and purification conditions of polysaccharides from Phyllanthus emblica Linn. are obtained, which provide
theoretical basis for further research, development and utilization.

KEY WORDS: Phyllanthus emblica Linn.; polysaccharides; extraction; purification; optimization of process

ESWE: = A DA 55w Bi = U R A1 5 o0 & 55550 H (2016 YNPHXTO8)

Fund: Supported by the Key Project of Yunnan Collaborative Innovation Center for Public Health and Disease Control and Prevention
(2016YNPHXTO08)

HEEEE: REM, ML, B, EEUIRITCNVERSRMEE . E-mail: kmwzs@126.com

*Corresponding author: WU Zhi-Shuang, Ph.D, Associate Professor, Kunming Medical University, 1168 Chunrong West Road, Yuhua Street,
Chenggong District, Kunming 650500, China. E-mail: kmwzs@126.com



o

1756 B

A JoT B ARG A i

FH13E

0 51 &
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Z B(polysaccharides, PS)&—J5 IZ £ 7E TSty .
WA MM EE W EY RS FY. ZR0EH 10 3% 10
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WEAZE 100 mL, RS EHB 247G MU, AR,

()b A R TR I BC ] B0.5000 g JC/K A A
T8 TR IFERZE 100 mL 155 5 mg/mL 2 A
W, IRSJEEL 2 mL 5 mg/mL FEPFRERE 100 mL,
BI85 0.1 mg/mL 75 @A TR

(3)5 mg/mL HIZWHER: BOE B EMEH Z A T
EETFAIESR, HIHLFREKESR S mg/mL.
133 IE&as

TELAONE T — 4% HR S A S8 75 T HOK SR 31— 2 b
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— 1860 °CHL PG XU T HRAR AL T 218 51— 15 3 A
Bkl Z - i L TR E R e R E 5
mg/mL WA —S0 mL R IAGE = LR AR R (2%
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min—JiEHEZE R AL 60 CHeHs b 28 AT W4 OE T
72 h— BRI TR T 72 h—15 2 RN 224l 5
1.3.4 AWML BRI T L4

(L)L RN 22 M4 BB D) 3R S 36

AR5 SR F R 75 2 il B AR R U A 22 b, i 2
FR RIS T HOKSRIBGREE | HOKIREU ] B E )
RO . EAEE RN R R R 7 A
FXF 2R, RIS, wEET 7 MR
R I FEACE: S L 26, Wk 1 Fis.



%56 34 (4

PR, S5 S R IR AL EARE 2 B T EEA

1757

F=1 BERHBERIEMR SR I ZR2ERKER0N=3)
Table 1 Single factor test table of extraction process of polysaccharides from Phyllanthus emblica Linn. By ultrasonic-assisted
method (N=3)

= K- [ 7 A A
PR FRBURLEE /°C 70, 80, 90 60 min, 300 W, 60°C., 45 min, 1:30 (m:V). 1K
PRI B 8] /min 0. 20, 40, 60. 80, 100 90 °C, 300 W, 60°C. 45min, 1:30 (m:V), 1K
R IR /W 150, 180, 210, 240, 270 90 °C, 80 min, 60°C, 45 min, 1:30 (m:V). 1%
IR /°C 40, 50, 60, 70, 80 90 °C, 80 min, 300 W, 45 min, 1:30 (m:¥), 11K
P I 8] /min 0. 15. 30, 45, 60. 75 90 °C, 80 min, 300 W, 60°C, 1:30 (m:V). 1Kk

B (m: V)

FEBR B 1.2.3

1:10, 1:20, 1:30, 1:40. 1:50

90 °C. 80 min, 300 W, 60 °C. 45 min. 1K

90 °C, 80 min, 300 W, 60 °C. 45 min. 1:30 (m:V)

()OS 22 MR BBUIE 52 52

TESN R SR R LAl b, DA R 385, 1t
i LoBHIEAS B SRR R A Ak, 1E2C 83T
SRR Z KWL 2 B

F2 BEEEMERIVEEMSETLZ LEHERRITERK
FEER(N=3)
Table 2 Level table of orthogonal design factors of extraction
process Lo(3*) of polysaccharides from Phyllanthus emblica Linn.
by ultrasonic-assisted method (N=3)

2 B EARE RAERN BHR L
/W /°C /min (m:V)
K1 180 50 30 1:30
K- 2 210 60 45 1:40
K3 240 70 60 1:50

1.3.5 A % 4B T LA

(DR

WA TSRS X-5 KFLHIE B 2 A T
FREFILIMS, LA RIEHRREMZ RO 2 M 1847,
PEBCG TR . BAE IR . G HEAT W] 2R pH 4 4~ B 2 ik
TTHE RS, 5B R LR RIKT & B E &k 3
FiR o

R3 X5 KRB EMREZ ERE ZRERER(=3)
Table 3 Single factor experiments of X-5 macroporous resin for
the removal of pigment from Phyllanthus emblica Linn.
polysaccharides (n=3)

M K [ 2 A
WEEIREE/PC 20, 30, 40, 50, 60 5g. 6h, 160 r/min

WHHEf /e 1.2.3,4,5, 6,7 30°C, 6h, 160 r/min

05.1.2,3,4,5,6,

R E]/h
Vi R[] 8. 10. 12

30°C. 5g. 160 r/min

pH 1.3.5.7.9.11 30°.5g.3h.160 r/min

()AL

TE AR RS U0 A Rl b, DA R B R R R
RAKGMAERR, W LoB3YHIEA B HESL 8, IEAS T
HZ KRN 4 iR

R4 X-5 TR S HER B REXRITERKERO=3)
Table 4 Table levels of orthogonal design factors of X-5
macroporous resin for the removal of pigment from Phyllanthus
emblica Linn. polysaccharides (n=3)

WK GRREr,C  WIEME/g  HIENEMA pH
K- 1 40 1 1 1
K- 2 50 2 2 3
K- 3 60 3 3 5

1.3.6  SuACEARHE % 45 69 B AT 25
Fie FRABAT 4 TAL BRUEH A7 AL LA & L, i fbiE
WS R B RV LM . TEME 2 W40 X-5 AL
BEALHG, B0 B A IE RN, AL AL S 13
Hr4$(8000~14000 D) KB FI/KENT 72 h, &G PR
TR/ IMAR, VA UR TR AT B Al L RO 2 H
1.3.7 AWAHEZ LS FONE

(DA AR v IR 28 A 2216

54 NY/T 1676—2008¢ £ F B -2 48 & 2 9 I 2 )
e er il )y g R s i, B 11 SR AT A 0.
02,04, 06, 08, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 mL %
BHAW 0.1 mg/mL, MEEF/K#55 2 mL, IBEFMA
1 mL 6%7ER, RAIJGINA 5 mL YRR, Wit ae
SN, TRFER—Fk, BB IR I ARG A
W TIAEEIRZE, TRA)E RS 40 min HEE R E=H
F 490 nm Kb WSEEE(E 4, LhlbnEfZ.

(2)TELAIUASE 22 0 5 2t A ) S

M R AR — B, BB Ehabd, Ak
TIBEHERSh I ARSI 2 mL, #% 1.3.7 ()7l E ke i
WESERE(E A, HARFRIE 2R TR vk B, R H A= ()it
SRS 22 W5 04 B 1R A
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b C—ME Z W, mg/mL; V—E AR, mL; D—
T BAR R, f—REIE T, 0.9; M—LHOE TR B i, g
13.8 EEFRERSHERE EHNZ

(D EZEME WK B E

il 5 mg/mL Z AR, SR EHMT L6466 AR
1£ 400~1000 nm I 38 O SRR IS 25
B R TEARONE Z2 R T IO XA W S A R i v, e AR
VRO BANE R, IR E Ak, RIACHIESE R K
450 nm 5 VAR Z2 W 1 6 R WO EE A

Q)ERIFHHRE

AL R Kb 5 AT I 22 W € 3R I D 25 8 1K
RZ L, # 450 nm PEARANMARTOGE(E 4, BEFTE RO
FEMEA AN A wew. A wer, BRBRBHEALWQ):

; Ay i — 4
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x100% (1)

1.3.9 #yEAHE

S PO (AR R 25 3R, SR ] Excel
X R AT R R, TE ST B IR RO #EAT IE 28 K T
#4187, Graphpad prism 8.3.0 2 il L3 T I, P<0.05 F£R
BAREME2ZER, RT3 HEL,

2 HER5SH
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21,1 HOKARBCR E AT AL S AR R R 00

PRIG RGN TR, R 2R IO T RE
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P PR SEBORLEE X B AR R A A& 1 7R
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Fig.1 Effects of hot water extraction temperature on polysaccharide
yield of Phyllanthus emblica Linn. (n=3)

FATHGK IR 50~60 °CXF 2R R EN, B L
IeAbEFE 70~90 °CHEFTHRST . Ml 1 AT, BEERENA
Wik, VRO 2 AT R A AR RS N, 33X K VTR T
R TR 20 TR R K, SRR R 3
FEFK I TR R R B (] (4 22 W AR 22 SR o B i, T 7
TR Bk AR A 25 80N, H G R I R R e A S
NSy WA s o DRI T 5 PR 38 G A2 S 6 o [
FE IR BEBGR BE £ 90 °C.

2.1.2  FIRARIRET ia) s S AEF R0

FROK P ) X VRS Z2 A R 1 e 5 A 2a
BN, MRS 45 min 5 ARSETHOK BRI, MO 2R
RALUN 4.36%; HF 45 min J5 HEATHUKIREL, % HOKIR
TRCHRF ) f S K 2 A5 SR ST I, 0~80 min FUKIRI £
PEIS R ENATI R, 76 80 min J5 2RISR ILE/N. (1)
S R A YECRSORS 00 7 75 U0 2 A VR R i e 2 e,
A KO 4 200 M DY M A2 B ik BN AMPAPIR A, e
AT 200 70 430 U8, YA oK R B, 4%
TR K VIR U — 28 R R S8 e 2 A I 2L, A R T4
2GR, (QRIE KRBT IR, 20555
fb B (E 3G I, R F MRS . £F TR, M BRI ]
AR T 2w, B S = . AR
AKEINAAREEREN, GA% R, ERSREERIER
S H [ 7 RO SR B ] 3£ 4% 80 min.

2,13 R FE B AWML AEFR G

7 T Rt 2 W AR U R A R gk R an &l 2b, 1
150~210 W 2 [a] i35 8 7 T 5 1 16 i Z2 BB A8 SR T i i,
2 DR A 7 U T R P ARG R T (5 BB o P AL 4G 23 TR
FPEERREER, MmsRIEA BTy R, L TER, AEAE
{1 3y 52 22 [R1 Bt 2 T2 1 384 I LR 0 1 FH A AS I 38 Jon, V5
FO A B IV G 225 | A0 M BE R B, SR LR
e B R M TR T 210 W R 2R,
(1) T RE A Ay 8 7 0 41 o 348 i 3 802 0 ot e 2 A RO
K, A AR S i B st A 5520, 30 2 9 A AR
P U 2 i 1 VA Y T P83 S T VERSORYE 22 Wl f £7% oit k
SEREAR, DTV 5568 7 U B 25 Ak 30y, (2) PT RE R A oy Rk
A AG 7 U 0 22 W T A e A T S S S A P NI,
TEAESE0 S5 Ak A PR D B R R 6 4% 180,210,240 W 3
IR
2.1.4 R FIRFEIEMM S BEFEGH R

A P LB LA A SR i 2 SR A 2¢, TR
# 40~60 °CZ 1], B W MAET BT, I 2015 AR
Tt v, 3 AT RE R R A I P s A AONE T A R s 2 i N
AR TR N A o 2 e, W] shIRLEE b A
T4 R 0 A R R, DT 2B SR i
s MU IAE] 60 CARLLTL I, IR Y HRE T
B, BN AR Z T 2 0 A% 5 RE ) B KR,
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Fig.2 Effects of different factors on polysaccharide yield of Phyllanthus emblica Linn. (n=3)

SR e T R P R T I (e 2 A A RN PR, [
HMdE 2 e b S8 2 maiE TR, 23 kdh
60 °CHYZIEE A 29.13%, 70 °CHILLREE N 26.49%, Hit A4
TR EE L S BRI TEAE 2 MR I 2l i R, T 58 SE B0 414
HeAk Fp R P IR R R 8% 50, 60, 70 °C 3 K-
2.1.5 AR At R xt A AHE % AEAF R 69 h

7 I )Xo TELRORSE 22 W A SR i S 25 SR R 2d, 0~
15 min Z [ A5 RMEE FFr, AIHIAG R AP 2 i1
R T IA S AL T 45 min P Bl 28R 75 I A] A RE G
L 70 4 2 A 5 Ak /N P A P IR R A T
AN FE B, [RIET 2R A, SRR, A
A (E1ER AT 45 min J&, P RER: KR P I 4K it ] 2 il 22 0
ik BANE, SRS R BRI, i, B8k
P Ak Z 4 PR P s ] R #3598 30, 45, 60 min 3 K.
2.1.6  HHRCAT M S 4R R H R

B BT LAY 2 W15 R I ES S B 2e, £F
1:40 (m: VYRR ELZ N, Bl RHE EG 9 [ A AORE 2 15
BAEAKHBIGIN, 1:10 F1 1:20 (m: VYRHE FEI 2415 2R A%
AT BB B BRI E KR B TR, A R
KA B M ECAT BT b FLRRAR T 2205 A 14 e R 20,
Bifl 5 R LE A RIS, AT 38 I i S g, R A
WP EREE TR, ML TR IEm, SRR
o BHR LLIAF 1:50 (m: V)RS 3RBE A BT F e, W] RESR
B Wi A T TR R R O, R R B R PR IR AT BT R R, FRAIG
TR A ARON, PR R, D, RS
S AL OB P R R LB E i 1:30. 140
1:50 (m:V) 3 NKE,

2.1.7 RICRBT AWM S BRE G A

FRICKBOELOE Z A3 R 2 i AN ] 3 i, S
W Z, ZRREE, J2I 2. 3 RIFRSHIZIRI 1
K 109.27% ., 123.86%, MFEHREE 2 A AT £,
ST T LB R AR i 1) S TGk 2N, kg A A E A
T RS S5 S S 7R I A B TR R R I 1 R

sl T
S - ]
M6
e
=3
N 4
]
=
=,
0
0 1 2 3
RBORBK

3 BEBURBOEAO 2 MR A5 10 (n=3)
Fig.3 Effects of extraction times on the yield of polysaccharides
from Phyllanthus emblica Linn. (n=3)

EE S ERBUE R LWL R
I R 2R = 7K1 e YRS 22 W 52 i) 199 I 58 S50 255 TR 4
5 PR,

M 5 IEACSIEE A AR LT AT A, S A
PR REZEFIRFERN B>D>A>C, AR IRESRIE 8
FIhES R, B T EEE R 4,8/C.Ds, B
HN 180 W, MG N 50 °C., I 45 min, BHE L
A 1:50 (m:V)
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Table S Orthogonal experimental results of ultrasonic assisted extraction process (N=3)
FESivied
S
ABEYF/W BHEAIRESC  CEFERI]/min D FHBE L (m:V) PR 2 BE15%/%

1 1 1 1 6.24

2 1 2 2 2 5.86

3 1 3 3 3 6.05

4 2 1 2 3 6.30

5 2 2 3 1 5.81

6 2 3 1 2 5.49

7 3 1 3 2 5.89

8 3 2 1 3 5.97

9 3 3 2 1 5.68
K, 6.050 6.143 5.900 5.910
K> 5.867 5.880 5.947 5.747
Ks 5.847 5.740 5917 6.107
R 0.203" 0.403" 0.047 0.360"

TE: "R BAT BRI (P<0.05).

ST 220 H AT, ST R 4 AR
i, BT 2GR, R RIS DK,
3 AMHEFEXF SRR B G2 X, O B
FH(P<0.05); HAEIRIE RN 2SR EmER/D, ZRADE,

KRS AS A4B,CDy HATRAFSLE, RIS
K 180 W, HAIEE A 50 °C. #BA ATl 45 min,
BHE L 1:50 (m:V), R Z B350 6.18%.

23 KFLWBEACHBERERMKIL
231 BHBBEMMEFHRGHA

WE 4 iR, 76 30 °CHY ZHELL R 3R L AR TG BR R
IS, XATREREE N 30 °CH R FRFLA Ig %t Z A0 A W b, s
XTI, MITREAR T B R IEERR, HiE DR R
P RN PR N SR B RN &, S KBS
L T Z A RN R %, (R o T4 e B, A
FIF KA BT €0 F (W s P, LR AR I B — A~
CHRGTRR, YRR IR R R R, B R
B £ €, 25 A g 1 i, TR HAE 60 °CHR (0 2 A R I IR 120 452
B R ARIEERE A AR, E38 SR 5 1
TRLEE R %45 40, 50, 60 °C 3 Pk,

232 MIEAEMNMEZHR G

WE S FiR, MBAE AW N, ARG
B AR 2~5 g TR FH LY FRI N, 22 Wi OR B SR B B g
ARG TR AR, O KA R AR PRI 22, AR TR Y
ZHb 2, ZHHAR R TR 6 g RIIR ARt 2R %
B, 7 g hb XERETREES, XATREEE Y 6 ¢ Mg F i
(14 R B e AT P e K, (R BB AR B R TR MK T 1~3 ¢ Wi

MR ZHER R SRALMISHE N 1 g i, ZHRE
AR, U O RTEER AR BRI, (RIRLRa SR B R,
it ATEIE S S0 oA I P DR SR 9% 10 20 3 g3 KK

90
85 | H_.”,——I————*\i
S —o— A RIHERR
Lot e
3 - E
75 L l\F”‘—*_I
70 1 1 1 1 1
10 20 30 40 50 60
G/ C
4 g B B R BOR BRI (n=3)
Fig.4 Effects of swing temperature on depigmentation effect (n=3)
90 |-
—o by
O—I—{ MR
< —— @R MGE
80 |
i - EHREE
70 |
1 1 L J
0 2 4 6 8
Whig R/

P 5 A P oo It 0 SRR B (n=3)
Fig.5 Effects of resin dosage on depigmentation effect (n=3)
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WA T R, SO R 22 ARG KIS BR R B A
M, AREAMIFEERIERR TR, FE GRR YT
KA R R BTG I, SRR . &G
FIRIEIEAC SR P R R F R 1, 2, 3h3 KT

90
80 |
° 70 |-
3
= 60 |-
—— ORI
sl = ZHHRER
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GiFEmE/M

B 6 eI D 0 R BOR B0 (n=3)

Fig.6 Effects of swing time on decolorization effect (n=3)

234 ZAEE R pH AL E £ RO Hh

HilE 7 AT, B pH MM, SR R SRR B
R R AR, ZHHAW pH AYAS L AT R i R 22
S, Y pH MO0 R I BRZAL, pH T 7 B ZH0E
OB IR B (5 R T R R 2R R R, ()] g o ek & 1F
BRI TR R (3R 70, (2) AT RE DA A TECRAONG 22 = 2
H R 22 WA, VAT PP 4030 D & A S 7 B 3
B ASTR, B4 14 €6 RS 5y i R FLAR AR W B, ke 33
R BE pH B3 T AR o P A6 IE A8 S2 e rp pHL R k4%
1. 3. 53 1KF,

2.4 X-5 KFLWIAE4h{L IF AT SR8

1% 6 IEAC SR A R MR 240 Al 1, S 4 R TS B
KK NEERERN H>F>G>E, B pH>W IR 5> 1%

W >R B L2 G R EsFGsH,, BG4
TN 60 °C, WAGHIE A 3 g, BN R 3 h, pH N 1.
S 2R RIS R ERCR N F>H>G > E, WG
FH & >pH>% ¥ 0 8] > 4R iR g i L2 BN
E\F\GH,, BVFEEIEN 40 °C. WIS N 1 g, wER
[l 1h, pH N 1;

100
80 |
=60
X
Ryl —— ERHERR
- SRR R
20
0 - 1 1 1 1 1 1 1 1

K7 ZHRE W pH X AR BCR M2 (n=3)
Fig.7 Effects of pH of polysaccharide solution on depigmentation
effect (n=3)

8 R WG BR AL Ty 2250 Ml A1, S i 2 2% 3
PR 4 AR R, pH XA RIERE TR, WIEHE. %
PRI RV RNG PR . th 2R B R A 22500
AL, MR R 4 ADNRER T, BRI R
g K, HUE pH, SFEE ARG FEEE i/

LA IE SR EE T | WeE T KT 225307, pH X4 2T
WRR e ZWEOR B R 22 57 B2 H BTG 48 50, g i
T WA R B, ARTEBREW A2 3.48%,
ZWER AL LT 251K 11.910%; [R)IHE AR 55,05
I PRI bR 25— 0%, FTIFEAB S h R B L
BHRE R, BSOS Gk 4,B,C\D,, RIGHER
4 40 °C . WREHIE R | g, SRR Th, pH M 1, A%
THERE N 82.21%, ZHERHE RN 94.86%.

R6 X-5 WAHMISHEREREXIHERSHH(N=3)

Table 6 Orthogonal experiment results and analysis of X-5 on the removal of pigment from Phyllanthus emblica Linn. polysaccharide

(n=3)
ez E BRI E/PC F RS /g G %i;fﬁ‘l‘ L] HpH 2GR % LR /%
1 1 1 1 1 82.21 94.86
2 1 2 2 2 84.14 74.50
3 1 3 3 3 82.53 71.94
4 2 1 2 3 79.84 82.10
5 2 2 3 1 85.86 82.64
6 2 3 1 2 83.91 71.41
7 60 1 3 2 84.33 81.40
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S E ¥/ °C F g Htt/g G Eﬁm L] HpH BRI % ZHER 2%
8 3 2 1 3 80.94 77.91
9 3 3 2 1 85.67 79.28
K, 82.960 82.127 82.353 84.580
K, 83.203 83.647 83.217 84.127
K3 83.647 84.037 84.240 81.103
R 0.687 1.910 1.887 3.477
ky 80.433 86.120 81.393 85.593
k> 78.717 78.350 78.627 75.770
k3 79.530 74.210 78.660 77.317
R, 1.716 11.910 2.766 9.823
F: K. R FRERIERE, k. RFRZHREE,
B3k

3 Hi5ifie

ENTES TR ASE w2 S N E S e N IS E s
2L 1SS S A B 22 R HR I i fb i fe A R
B, PRIBURTE A A IR0 AR 180 W, A
IREEN 50 °C ., MFSIRE] Ny 45 min, BHE LN 1:50 (m:V), 15
H 6.18%, LEEHR 31%; BN Bl KRS,
[Fi] s 0 A5 304 s X-5 LA i xe U RHORE 22 Wl e £
RS AF R 5 mg/mL VRIS 2 WA 5 BRI N 40 °C
PR RN 1 g BRERTRIN 1h, pH R 1, AFEERREN
82.21%, ZHHARER ANy 94.86%; LAk )5 RIS 22 15 110 4li &
1 31%3E M 2 91%. X4l bW AR T T #A i RFLIT AR,
T g D, [l (0 R i R o T 2L R R
5T, RO 2 B 0 T & BRI AR T B SR

2% 7K My 25 PSR FH o iy B 41 EBUMIMGE 22 i 0 A e 4
BT 240 Emte 60 s, Sk sh= 480 W, #ukig
PEIREE 100 °C, #IKIREERIA] 3.5 h, 53K 9.38%, KIE
JERRRN 8.44%. Hizbsi M, AR RINRE 1L
TIREA I | FRIERTRA, W I A PUKE R 5 S PR A
77, FLER P IO AN 5 s 2R 45 R 0, A A Tl
i R AT B SR PR RO e f R
BT 4 B LG 1:8 (m: V). WREE 100 °C., B[] 3.5 h,
2 2 IR, 3% 7.10%, KIERHARR 6.39%, Szt
A, RABAEEFMERE R, % T EMUTREE I
HAaifr i m . Tl AL B AL = ol Fi R 22 R 1R 45
REAE . JEPCRDIN TR AN A RN RO, RS Tl
oA, A REAT T R M2 akes, I AR5 R B
P IR HA T R AT R RS, RO 2 BT R
W FTHRAL T A R B
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