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Extraction of Astragali Radix and purification process of ceramic membrane
ultrafiltration of Astragali Radix extracts
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Abstract: Objective To establish a process method for extraction and ultrafiltration purification of Huangqi (4stragali Radix)
suitable for industrial production. Methods  Lo(3*) orthogonal design and analytic hierarchy process were adopted, and water addition,
extraction time and extraction times were taken as the investigation factors for extraction, and operating pressure, feed-liquid
temperature and membrane cross-flow velocity were taken as the investigation factors of ultrafiltration purification. The extract content
(retention rate) of calycosin-7-O-B-D-glucoside, calycosin, astragaloside IV, Astragalus polysaccharides, alcohol-soluble extract and
paste extraction rate (impurity removal rate) were used as evaluation indicators, and the optimal extraction and ultrafiltration process
parameters were selected. Results The optimal extraction process conditions were determined as the decoction pieces plus 16 times
the amount of water (6.67, 4.67, 4.67 times), extraction three times, and the total extraction time was 210 min (70 min/time). Ceramic
membrane with aperture of 50 nm, operating pressure 0.12 MPa, membrane cross-flow velocity 5.3 m/s and feed liquid temperature
25 °C. And through the establishment of characteristic maps and similarity analysis of Astragali Radix extract and ultrafiltrate, it can
be concluded that the chemical components of Astragali Radix ultrafiltrate and extract were consistent, and the chemical components
in each batch of ultrafiltratewere stable. Conclusion The extraction and ultrafiltration purification process of Astragali Radix
established in this paper is scientific and reasonable, simple and feasible, with good repeatability, and has a good prospect for industrial
production.
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PR HEN A, SR ARz, BERT
0 ] A [ 70 28 ) 24 RO AR, 3 AT o F At
A S . R T AR U A S AR O T
RITHTHE, B HFON T 5 IR I B & T3 SR AAAE
FHOHE FE ik = R G LA K BT AS S UV 1 23 401 2R 2
Ky PR ESE N, BTk, ARseiem i N H
RBIEH AR IGREAT 24, ATl FIRAN R

FBUE AR T Al R 248 BOR B A RS B
A FMREERE A, R AR AG 8 e AL
Ve BRI I A T R TR ML, AR
P 325G Ja n] A AR T e R ik B e A
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AT L FH 1 B o K R

R K BRI R B A K= BT YR K T 2R R
ek KIEPEE D 5, XY MAFE S 3380
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RIS GRIKIEREDT AL, BIEHA
BE AT B 2 B B (1 BV R R o T4 5, ik Rg
IRUFR B B R A A RS- Bk, ARSEE %
FHALAAE 24 1 i e BT 38 e /K Sk A7 Al Ak Ak 22,
il EA IR 4 & 2 RO B AR AL B B e i 4l
WL LA, BEEST DA = i sE B R aith
T, FHALAT LIAK B o SR B i 70 5
VAR PR S ) [, 3 ] Ay i B e BT Tl Ak
AR R R RIIHI AR, LA
B9 JERH 7= d B R SR Ao SR} DA S g B B B IR
NIRRT S5 IR LI 255 .

1 {UEEHH
1.1 {428

SIM-FHM M2 G e, SRR
JETAEA R TAEA R L2-5K & xR 2 O,
IR AT A S B PR A F] s UV-power 5413k
JeEETE, bR AR AR AR Waters
€2695 Y = BORAH A%, S5 [E Waters 4w ; CP313
RV R, BELEEHTACES CR MDA FR 2 5] s MES5/02
BT RF, WRrEE-ER 2008 (R FIRA
KQ-500DE BUAi5 i s il e ds, Bl i 5 2%
AIRAF]; DZF-6090 B B 25 T 446, LilgsF ikl
A RAF
1.2 X%

WU T 22 M B2 iy, & HiH

R R BT AR S, AR KRR
AV ZE ¥ Astragalus membranaceus (Fisch.)
Bge. var. mongholicus (Bge.) Hsiao [T /MR . X
b D-JC/K A EBE (LS 110833-200503, JFi B4
99.5% ) 8% 57 2 T 7] 46 4 (415 111920-201606,
JRE L 97.6%) BICH T (5 110781-201616,
JiR 5340 96.8%), H E £ i 24 il e B A Bt s X I
B RN (S 18030505, g% 98.8%),
A AEEAMBEARGR AR, Bl (5
20210601). ZfE (Ht5 20210115). &K (L5
20210601) SN (iS5 20190501), KEETIK
B R

2 HESH#R

2.1 EESHERINE

211 NFRE SR A RS SRR UG K A
H (B LA ZBUE TR as h TR 24 b)) & &,
Il 7K s R R FE Y 0.493 mg/mL X RSV -
2.1.2 KA H S BURNE 2% TN
WG &, NJE/K OB S &N 47%, 4000 r/min 25
O (BOEE 16cm) 20 min, EEIRAEEINTCK 2
Bl STk 80%, B0y, VIEMAiKIEMERE
25 mL, &5, FEEWHUARE R, MREERZE 10
mL, $£5], #%H.

213 LMHEXRRFEEN KEERI0.493 mg/mL G
KA A W B VA VOE B, SRR R E R S 10 mL,
] IR B 203 24,65 49.30. 73.95. 98.60.
123.25. 147.90 pg/mL FIfG 3. K52 I B it 4
1 mL T 20 mL B, Il 5% KR
I mL, Y82, SLRTINN 83.3%BR¥ 7 SmL, #%],
WK I 30 min, HUH, UKAHE, DAk 5
LR A, IR AR-RT WL 66 BEV:, 7E 488
nm PKATIERIEE (4) 18, L 4 AR
(Y, JREIRE AL (X, BREIATEN Y=
5.6X1073 X—0.017 5, R2=0.999 4, 4EiFEH, ¥
BEZRELE 24.65~147.90 pg/mL £k 155 R BT
214 JiiktEEE R (REZ) 2020 AR
THEHATINIE AR, SR HEME, ek,
AR R ) RSD E 737008 0.15%. 2.55%-
1.07%- 2.37%, “FIIIFEREILER A 91.55%.

22 ELGRANESEEENESEEIRNE
221 BiEKA Ak HSN Waters Symmetry Cis 8
A RERAE(250 mm X 4.6 mm, 5 pm); FENH N 0.02%
FR K-, B6EEVERE : 0~30 min, 16%~49%
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ZHE: 30~50 min, 49%~16%Z.ME; iR 30 C;
K 360 nm; FEFERE 40 uL; AFLE 1.0
mL/min. KR IA BIFELE 0 5, B EE A K
T 3000, R I 1,

T8 e T R

t/min

1 RAENB®ER (A). ARRIR B) MBIER (O
#) HPLC [B (ZAREREFIEN)

Fig. 1 HPLC chart (PDA) of mixed reference substances
solution (A), Astragali Radix extract (B) and Astragali Radix
ultrafiltrate (C) (PDA)

2.2.2  F RSV £

(1) BEFHIEERET: BERIESET
WA AT PEE AT IR 1.23 me, INFPEAMIFERE
10 mL, 1§ 0.123 mg/mL X} {8 5 il 29, R 2
WRAERI 2 mL, HEEERZE 5 mL, HIEE B&ER
i R A 28 BE T 49.2 ng/mL PR HE VAR

(2) BEFT: A% PREI TR 5 B0 R
249mg, HEEERZE 10mL, 5 0.249 mg/mL X} [
i i 5T R S R i £ 1 mL, o FE A
J IR E A 24.9 ug/mL X 18 FA R
2.2.3  AEEIAEI T RS IR EOE R UK
HRUEM S 2.5 mL T S mL 2R, IHEER. 32
5], %022 pm PALIEMEDE, HURUEM, EPASt
EANTIREAST
224 ZMERRFELE S EWR ER 492
ng/mL T e T A 7 0 B O R AR 1.04 2.5,
5.0+ 10.0. 15.0 pL A1 24.9 pg/mL B &5 57 75 Fi 6} iE
FRVEVR 2.0 5.00 1004 15.0. 20.0. 25.0 uL, #E%
BEFENE, oA, DAETRUCAIASE (V),
BEREEAREARFR (OO LRk EA TR, 5B RE
i e R [ 7 R Y=230.71 X+43.821, R*=

0.999 5, ZRMEVEH 49.2~738.0 g; TR A4
JFEN Y=133.08 X—38.364, R2=1.0000, T+
HHATE 49.8~622.5 ug Ltk R R IF.

225 JRiEFEER IR (R EZH) 2020 AR
TEAT 25, 1358 S o T e ) T T R
WRE. EEME, Rt FEIAEREICER R RSD 4>
AN 0.98%- 2.28%-. 1.18%. 2.88%, T~k mii
A 99.94%; BERWIIEERE. SR, 2
PEL PR IEE RIE I RSD 735108 0.63%- 2.51%-
1.48%- 2.79%, “FIIIFEELEA 99.72%.

23 REFFRENE

2301 g% ik FEN Waters Symmetry Cis 8
ERERAE(250 mm X 4.6 mm, 5 pm); FENH Y 0.02%
H R /KA WR- 2 > BB BTN : 0~30 min, 16%~49%
M 30~50 min, 49%~16%Z M iR 30 C;
BEFER 40 uL; ABURE 1.0 mL/min; & GEUH
Kol 2. <A /7 275.79 kPa (40.0 psi); AL EF IR
£ 65 Co Rl Sl Ry 5, HIREREY
KT 4000, Ei%E LA 2.

2.3.2 P HEARVERIH A RS SRR B F R
b 5.28 mg, M 80% H VA fif H e 25X 2 10 mL, il i
0.528 mg/mL 3 £ FE0 HE A

233 fEHAMEBR RS BEONE L%

FEMRAGEPER S 20 mL, KYEATIE T B A HL
R

A
B FT

B

_J [N
B FT

C

) L

0o 10 I 26 - ”3‘0 a0 50
t/min

2 W@IBR (A). BEREIR B) MBIER (C) W
HPLC & GE&IHGTHEMN)

Fig. 2 HPLC chart (ELSD) of reference substance solution
(A), Astragali Radix extract (B) and Astragali Radix
ultrafiltrate (C) (ELSD)
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4% (A0 mL/D, EIFIET B, 2 /KBE 2 ] (40
mL/0, TREEIE T EER, B /KA IE T B R A6
BRI 2 Ik (20 mLAKD, FEZRB, GFFE
ETESE, KIBZET, HEEARZE 10 mL, #25,
2 0.22 pm FUFLIEAEIES, HUERUEM, RIAS A5
W

234 ZMERRFELE RERIUREIREA 0.528
mg/mL X} B8 S A 1.00 2.00 5.0, 10.0~ 15.0 uL,
BEREINE, eI AN . DA TAR R EC A AL AR
(Y, HFEARFRRREON B AL PR (O BTt 1A,
BREIEGFEN Y=1.650 6 X+1.984 4, R*=0.999 2,
TS HRAE 0.528~7.920 ng & BIFHIZIEL &
23,5 TiiktEEsr R (hEZ) 2020 4R
INERAT IR 5, 1SR %R EEME FENE.
SPEYIEE ISR ) RSD 4399008 1.02%. 1.47%-
2.02%-. 2.81%, “FHIIIFEEEEA 99.52%.

24 BEFEMERHPIESENE

BRI R TE &4 TR TEEE TR
L N 40 fE K OB, FROEE, A 45 min,
B ER AR, SO, BIEBUKIE
T, FERTEM S 105 CTHE 3 h, BUHKET
MR TRAH 30 min, AREFRE, HHEELSE.

2.5 BROIWTEE SEHNE
2.5.1 BRI FEN0-13)

(1) 425 EEEER 2 (W) BEE R B
(W) BE RV E G R (W, FEEHE (W5),
BEFHEE (W) MIEEULHESR (W) AR
Higbr, ERSITIER TR, 4 6 Tifatss 4 1
JEIR, R TR RIEATIT N W= w>ws>
Wa=Ws>We, K F AT HCEE I S e 02 1.

(2) HpEaifk: D2 (W), BEEHEH
Y (. BERREEHEEEE (W, BEREE
(We) FEHH (W) WIREREULRERERE (W)

T 1 IR EEBA IR (2EY)
Table 1 Priority judgment matrix for pairwise comparison

of indicators (extract)

izt Wi W W3 Wi Ws We
W 1 1 3 4 4 5
W, 1 1 3 4 4 5
W 13 13 1 3 3 4
Wa 1/4 1/4 13 1 1 3
Ws 1/4 1/4 13 1 1 3
We 1/5 1/5 1/4 13 1/3 1

ERBLE RS, DLERITEdT 81, 4 6 TR
gy 5 AR, HRE SHRPSRSEATIR A wh>
Wa>>W3>Wa=Ws>Ws, FJEE RN ECE I BT 26
FRE, W 2.

® 2 ERRRXTLEBILEFIMAAERE GRIELE1L)
Table 2 Priority judgment matrix for pairwise comparison

of indicators (ultrafiltration purification)

Ei=pan 14} /) Wi Wa Ws We

4 1 3 4 5 5 6
W 1/3 1 4 4 5
w3 1/4 1/3 1 3 3 4
Wi 1/5 1/4 1/3 1 1 3
Ws 1/5 1/4 1/3 1 1 3
We 1/6 1/5 1/4 1/3 173 1

252 WERLE AKX wi=(@ara)"
THEVIGAERE REC (w), FHHEAR (D #H7H—
W E R (w), GiHE, ISR wi 73008
0.3185. 0.3185. 0.1610. 0.0805. 0.0805. 0.041 I;
FRUEAAL S FERR wi 73908 0.420 7. 0.250 4. 0.144 8.
0.073 2. 0.073 2. 0.037 7.

n
wi=wi'/ Z wi' 1
i=1

253 —HMERLS EdFEL—BUEBIRT (CR) =
CI/RI (CI N—E(MEFa45, RI N THIBENL— BT
bR, RI=1.26, A H RI MM EE, BIERE, 54
i) n A, ARSEER R n o 6, SR RIAEN 1.26)
SRR wi B AE. 55 CR<0.1, R
FRE— S0 R, AUE RECE A R

n n
Jmax=1/n ), Y (aiwjlw) (3)
=1 j-1

Amax HBKFFAEM, § R AT, jOARERER IS, n
fatn 4
254 ZAVES (V) B HHE T

Y=w1 Wil Wimax+ w2 Wai/ Wamax =+ +*+ +we Wil Womax

4)

Wiin Wi == Wei 73009 6 TR E &, Wi NEIRIFE
BIBKRAE, wiv warswe AN TaAR AL E R 2L
26 EERIZHR
2.6.1 $2HL FREL200 g B T B TR KRR,
K ATIM# RN, %38 3 H IEAS IS BT AT $2 L
FIT S I P S 6 A5 31 B AR AW K & AR /N K
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PREREL (C) NELERNZEK, Ll “2.5.17 TiF&fatn

ML EVED AT TEbR, R B R AR I T,
Lo(3H) LI BT S 45 R WK 3, T =T WK 4.
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Table 3 Orthogonal test factor level design and results of extraction process of Astragali Radix

% AME B/min CAR D (TH) Wi/(mgg!) Wal(mgg™) W% Wil(mgg™) Ws/(mgg) Wel(mggl) Y
1 8(1) 90(1) 1(1) 1) 7.1634 252682 2792 02071 0.702 7 0.1034  0.6570
2 8(1) 150(2) 2(2) ®) 83783 365569 33.00 02300 0.805 2 0.1190 08187
3 8(1) 2103) 3(3) 3) 93548 395557 3494 02391 0.856 1 0.1053  0.8785
4 122) 90() 2(2) (3) 82292 309456 3377 02170 0.838 4 0.1027  0.7683
5 122) 1502) 3(03) (1) 10.0513  41.0024 36.89 02377 0.896 7 0.1223  0.9249
6 12(2) 2103) 1(1) ) 7.9978  39.0190 33.10 0.2310 0.858 5 0.1098  0.8301
7 163 90(@1) 3(0) ) 10.8072 374480 3643 02409 0.886 3 0.1257 09165
8 16(3) 150(2) 1(1) (3) 10.6512 358418 3322 02253 0.846 4 0.1234 08774
9 16(3) 210(3) 2(2) (1) 12.1340 406173 3734 02817 0.954 4 0.1153  0.993 7
Ki 23542 23418 23645 25756
K> 25233 26210 25807 2.5653
Ky 27876 27023 27199 2.5242
R 04334 03605 03554 0.0514
x4 EXREHESHER 2.6.3 UK DA AR T ZHZMA-FATIRE 3
Table 4 Results of ANOVA of orthogonal test W B, s 85 v Ab B R 5 % e hR . &1t
o i 22F- 5 A/ A P 2 ﬁﬁz‘*ﬁﬂ%ﬂ%?‘éﬁ RSE 3 <3%, LT
(X107%) ZRER S, A TMER . SR 5.
A 318.094 3 2 645184 P<0.05 2.7 HBEA4LTZE#F3
B 238358 4 2 483457 P<0.05 271 gLtk BRGREUR 19.0 L ST
C 213.8092 2 433665  P<0.05 1, BGEIER 14.5 L J5 GEIER &AL 451D,
D (%) 4.9303 2 FTHEBA AR 45 L (58 1 IRWR, ESHE

Foos(2,2)=19.00 Fy0(2,2)=99.00

BRI ZmITE N A CI/KE) >B (FEEU
) >C RERED, i ZEstras R, FxR
A. B. C I P<0.05, KB 3 [RIZEXLI0 45 55 H
AEEMER . 456 2 Mothas R, &Rkt
FEHUT 20N AsBsCs, BIVEFIIA 16 1 (6.67. 4.67.
4.67 %), $EHUXRECH 3 K, PREUSETEY 210 min
(70 min/i%)

3K, HAFHPEMR 28 L, #EW 4.5 L,

272 IERCIRLG S AL ROR 1 T R RO BREAL
By BAEE ST, BRI . BRTASOESE, AT
SRS IE [ E G 3 A, ks LA (100, 50,
20nm), ZERFHEFLAEN 50 nm K, HiEELliL
BRI . WA SIS FHFLAA N 50 nm 1) ) B e,
DIEAE R ST (AD. BREIEE (B FIRSE T A itk
(C) NEHERE, L “25.17 h&IEFRIEEIED

*5 RERBIZWIESER

Table 5 Validation results of best extraction process

ik Wi/(mg-g™") Wa/(mg-g ") W3/% Wa/(mg-g™") Ws/(mg-g ™) Wel(mg-g ™" Y
1 13.3790 42.068 1 35.30 0.228 6 09136 0.122 8 0.993 1
2 13.538 1 419783 3541 0.2237 0.908 8 0.1189 0.993 3
3 13.628 0 40.740 7 34.51 0.2249 0.8979 0.124 7 0.983 3
RSD/% 1.24 1.98 1.40 1.13 0.89 2.42 0.58
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SRR, SLEREEIE TE 24, LEYERR
WIS R LK 6, AR T,

A IR IR S5 R E A M el 1, & P B
IR T ZRIRMIBT N B CRRRIERED) >A (&

&6 ARBRANIZHERRERITREG

Table 6 Orthogonal experimental design and results of ultrafiltration process of Astragali Radix

F5  A/MPa B/C C/ms™  D(EH) W%  Wl% W%  Wal% W%  We% Y
1 0.08 (1) 25(1) 3.3 (D) (1) 64.65 90.88 1447 86.67 86.04 8482 0.8781
2 0.08(1) 325(2) 43(2) 2 61.18 8825 10.84 9323 9022 8899 0.8271
3 0.08(1) 403 53(3) 3) 63.86 89.54 843 9508 96.00 96.73  0.8286
4 0.10(2) 25(D) 43(2) 3) 7649  84.67 1099 9290 97.12 97.12  0.9032
5 0.10(2) 325(2) 53(3) (0] 7375  90.31 929 93.17 9620 9028  0.88438
6 0.10(2) 403 3.3(1) 2 75.04  78.99 847 9315 96.73 9562  0.8546
7 0.12(3) 25(1) 53(3) 2 8440 86.74 1026 9259 98.04 9512 09406
8 0.12(3) 325(2) 3.3(1) 3) 78.87  82.02 890 90.83 89.04 97.14 0.8793
9 0.12(3) 4003 43(2) (0] 70.53  91.88 7.52 9566 98.02 9746 08613
K 2.5338 2.7219 2.6120 2.6242
K 2.642 6 2.5912 25916 2.6223
K 2.6812 2.544 5 2.6540 26111
R 0.147 4 0.177 4 0.062 4 0.0131
£7 EXRBAENAER £8 BEBEALTERIEER
Table 7 Results of ANOVA of orthogonal test Table 8 Validation results of best ultrafiltration
2= SE 7/ purification process
PR (X107 HEE i S 5 W% Wil% Wil% Wil% Wsi% We% Y
A 38.949 1 2 116.5907 P<<0.01 1 80.38 84.25 10.29 97.72 98.22 96.73 0.9805
B 56.3713 2 168.7426 P<<0.01 2 81.13 81.25 10.05 95.12 97.95 94.79 0.969 1
C 6.748 8 2 202020 P<0.05 3 8420 80.28 995 9446 9584 97.79 09792
D (i %) 0.334 1 2 RSD/% 247 253 173 180 134 158 0.64
Fo0s(2,2)=19.00 Fo1(2, 2)=99.00
B >C (EHEREE) . BERER, B#E  gair.

JE 77 SR R RO, ORRRGR N IR,
VESE BRI S R TR U g
L v P I TR 7 T8 88 A ) e MR T PR J AR
Ki, BEARHRZERR AL, MR R8sy 58 5k Ni% i
W RHRIR BT =R, R[5 1k DR A ) i
i 3 RN AR 5 o

7T Rl %1, & AL B, C 1 P<
0.05, R 3 FHXLILLE R RA BEMR M. 4
G2 MR, BRI R EEEIEAL T 20N
A3BiCs, BIHE{EIE ) 0.12 MPa, RHEIEEE 25 C,
JES T A5 JAUE R 5.3 m/s.
273 uFiEe % BIROLGE SR EU G E T2
SPATH % 3 HUBIEW, DAL R E vk
FARbR, g5 R WER 8. WIS T AT A, FFEFR1) RSD
H¥I<3%, SRFH LA T 2R, 2

2.8 EERIRIUGSBIERNIFIEREES

2.8.1 il RV RI S & Bl KA TR
) il 2% [F) 2 s Bk ol 9 T 1) % 3 R
“2.2.37 TR HED,

282 REKRI#E CBPEEREDE PDA IS
Fedll, T 200~400 nm 3K FHHTHS, #ie @il
B i % . S Eaibig sy 2584, GBI M
W e K 230 nm.

2.8.3 AFEEERM IS SPATH] % 6 HEEBIEWR
(S1~S6), &M “2.8.17 Wi | /7 vl & Ak i VR
43 53347 HPLC-PDA Al HPLC-ELSD #&:3, ic 5% 40
min EEE], RN R A B E SN (R AE
TSRS AU P REE) (2012 RO S
BEATUCES, ST ERRE . DB IE AT HEEUR R E
K (R) AZMR, A% EREN 0.5 min, 18
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2 SRR IE . AT i 6 HLHEEIE R A LG R
TERE, DL R RS A X IR 3
HPLC-PDA fuillgh 5 W1 3. #5E 16 N LEFE
TRV, FEA MR G R IE TR 95% L b, &
FRAE S e, AR R S R A IR, R IA T
4 A, 2 RN BE R TR A R (3 58,
TR (10 S8, BERHE (13 506, T4
= (14 518,
HPLC-ELSD il 25 R WL 4. w15 MILAH
RRAE0E, LA IR G S B AR 90%LL F, £F

NEEFHEIEEEET (58, MHREE G5
W), BESFEE (6 W), HEKHE (8 FIf).
HREH I (10 5%, HKEHT (14 Fi%),

2.8.4 AHRUE ST SR (R 2tk ie g EREAE
FEVHN R4 (2012 FRO TEMAHALEE, 24T 6 fitid
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Fig. 3 Characteristic spectrum and control spectrum (PDA) of Astragali Radix ultrafiltrate
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Fig. 4 Characteristic spectrum and control spectrum (ELSD) of Astragali Radix ultrafiltrate
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&9 MHUEFMER (CREMETIEN)
Table 9 Similarity evaluation results (PDA)
HAALRE

S1 S2 S3 S4 S5 S6 R
S1  1.000 0.996 0.993 0.997 0.995 0.995 0.977
S2 0996 1.000 0.988 0.994 1.000 0.995 0.981
S3 0993 0.988 1.000 0.996 0.993 0.989 0.980
S4 0997 0.994 0.996 1.000 0.996 0.992 0.977
S5 0995 1.000 0.993 0.996 1.000 0.988 0.983
S6 0995 0.995 0.989 0.992 0.988 1.000 0.967
R 0.977 0981 0.980 0.977 0.983 0.967 1.000

K

* 10 MHEOEENER GRAIHGTEN)
Table 10 Similarity evaluation results (ELSD)
HAAE
S2 S3 S4 S5 S6 R
S1  1.000 0.996 0.993 0.997 0.995 0.995 0.977
S2  0.996 1.000 0.988 0.994 1.000 0.995 0.981
S30.993 0.988 1.000 0.996 0.993 0.989 0.980
S4  0.997 0.994 0.996 1.000 0.996 0.992 0.977
S5 0.995 1.000 0.993 0.996 1.000 0.988 0.983
S6  0.995 0.995 0.989 0.992 0.988 1.000 0.967
R 0977 0981 0.980 0977 0.983 0.967 1.000
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