< AT ST AST -

Inspection and Test

¥ %

China Pharmaceuticals

202345 H 20 H 55 32 %455 10 4]
Vol. 32,No. 10, May 20,2023

HE 4SS RI17;R927 HRARARRD A
d0i:10.3969 / j.issn.1006 — 4931.2023.10.022

— i ZFERMNUEASLEMDP 8 MKEFERSTEE
Berise BTG JRIERT A BB TR R sk

(1. eVE& BTG R, k7T BE  726000; 2. BT 4B H R LA ST TH, %W % 726000;
3. BALRAMB R AFE, B R 712100)

WE: BN 2 AHGH T S REE RS S —M Z3F(QAMS) ik HiE KA ZIURAERE, E3EAE A Agilent 5TC -
Cis A (250 mm X 4.6 mm,5 wm) , REHAB A T — 0.2% Hrik 5k (20:80,V/ V), ik A 1. 1 mL / min, AR 3% K A 286 nm, H 8 %
30 C,i#HFH 20 pLo A8 ER B A MAR, i FAMAER P LA T AR AR IER T R4, -5 shrkah b m 2 R b4k,
£R A EH JRILEEE b BR JFENER POk AR R ER JHErER BB R A AR 4 HIE 55.257 ~ 1 381,425 ng 12. 848 ~
321.210 ng. 19.341 8~483.545 0 ng.24.5 ~ 612.5 ng.94. 176 ~ 2 354.400 ng. 105. 84 ~2 646. 00 ng. 75. 831 ~1 895. 775 ng.
13.524~338. 100 ng & A A i @m MR AL £ RBAF(R2>0.999 0) ;45 % B A2 &4 X R M RSD 3T 1.5%; F 3 it
B E A 98.94% ~ 102. 43%,RSD 3T 1.5%(n=6) .7 MRS AR ERN T ERB R SHECRE Eif4) AR RRSLMET
#) RSD 33T 1. 0%, QAMS 5 5 M 4753 T ARSI A BTRREFZZF(P>0.05) i A 2ed QAMS ZH T A T R aral & - &
At 8 AP R S0 F, AR Beak A T S LT ST, T A A S e R B R RS
KB A5 — B3k R RS & RN &3k ik AR ARUE B T R A4

Simultaneous Determination of Eight Water — Soluble Components in Salviae Miltiorrhizae
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To establish a quantitative analysis of multi — components by single — marker (QAMS) method for the
High -
performance liquid chromatography (HPLC) was adopted,and the chromatographic column was Agilent 5 TC = C,, column (250 mm X

Abstract: Objective

simultaneous determination of eight water — soluble components in Salviae Miltiorrhizae Radix et Rhizoma. Methods

4.6 mm,5 pm),the mobile phase was acetonitrile — 0.2% phosphoric acid solution (20:80,V/V),the flow rate was 1.1 mL/min,
the detection wavelength was 286 nm,the column temperature was 30 °C,and the injection volume was 20 L. With salvianolic
acid B as the internal standard, the relative correction factor and content of the other seven components in medicinal material

samples were calculated, and the detection results were compared with those of the external standard method. Results The linear
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ranges of sodium Danshensu, protocatechualdehyde, caffeic acid, salvianolic acid F, rosmarinic acid, lithospermic acid, salvianolic acid
B and salvianolic acid A were 55.257 —1381.425 ng,12. 848 — 321.210 ng,19.341 8 —483.545 0 ng,24.5-612.5 ng,94.176 -
2 354.400 ng,105.84 — 2 646.00 ng,75.831 — 1 895.775 ng,and 13.524 — 338.100 ng (R*>0.999 0),respectively. The RSDs of
precision, stability, and repeatability tests were all lower than 1.5%. The average recoveries of eight components were in the range
of 98.94% — 102.43%, and the RSDs were lower than 1.5% (n = 6). The RSDs of the relative correction factors for the seven
components under different types of instruments (different chromatographic columns) , column temperatures, and flow rates were all
lower than 1.0%. The content of seven components determined by the QAMS method and external standard method had no
significant difference (P > 0.05). Conclusion The established QAMS method can simultaneously determine the content of eight
water — soluble components in Salviae Miltiorrhizae Radix et Rhizoma, which is convenient, rapid, accurate, reliable and repeatable,
and it can provide a reference for the quality control of Salviae Miltiorrhizae Radix et Rhizoma.

Key words:Salviae Miltiorrhizae Radix et Rhizoma;QAMS;water — soluble components; HPLC;relative correction factor;quality control

F+Z MBI BHE Y 1L 2 Salvia miltiorrhiza Bge. )
TR AR AR 2K, 2 Dy R 24 B ) A SR 1) KR R
Mz — BB LR RG A2y, T RS Ch PR
BT R 2 —) IR RS L8 U S5 P S
1259 6 M oA R, ORI M oy B B
S22 R LA EE N MERR | 55 B R Rk 1% T R NP IR
A,B,F, G AN G PUsEln  Rig PR Bt 5 SR
LTI 7Y o S T 71 2 A A 1 11 i I T (RS
o SEAE R G PR 8 FH 3R 7 7 O O B9850 9
SERE 2T BRMT , ZE P S 2588 0 il A ) B A9 rh K
VRS bR o B A X PR R B A A T A
FIAE o F AR 05 T P12 B R 2 1 43 1Y) 5 e L AF A
P o — EE MRS PRAEIOUB X R I S A5 ]
AR XS P PSRN R LASEE O HERR |
FHBR F DR IEFTR LR FHR R B JHB R A %Ki
PR HEAT T AR oE Xt 1k 8 AN 24T T HIA
FERH—DZ 3T (QAMS ) 32 [F] Il 5 £+ 2541 v 8 Flizk
VM 1 i IR AT
1 UFE5KH
1.1 {4z

Waters 2695 % U TR B 20 SORAH (038 R 40 (5 5
SR A% IRFE R < 1T > AR F]) 5 Agilent
1260 1 29 755 S50 A A (5 DAD Kzl 2% , 55 [ Agilent
/3] ) 3 Shimadzu LC — 20AT Y 55 8% W A 354 ( H A
Shimadzu 23 7 ) 5 BS224S & By 43471 K- (6 3 38 2 7l
WiRkA AR A R B G 0. 1 mg) ;SY — 800 F i i
PR BEAIL (I 7 R 75 1 PR A PR 7] ) s Medium —
RS30UVF #5255 % 2l K R 40 ( il F 28 4088 A PR
F)) ;%45 1000C 7Y Z D) RE R WML R T Z1 K FHBLA A
(FY/NEIPE
1.2 X%

PRI R B XF B (L5 111562 — 201917, & Ry
96. 6%) , F+Z 2 AT R (1L 110855 - 201915, %

90

BN 97.8%) , Ji L A% BE X IR A (4t S SR 110810 -
201909, F 54 99. 6% ) , MIMERRXT R (454 110885 -
201703, % & K 100%) , o 3% FF B X o (#5524
111871 = 202007, &4 98. 1%) , Y04 F v = £ 24 4
K2 WFFEBE ;s FH R A X HE & (FIE5 4 B20260, 1% 54
98.0%) , F+ W 2 F X% B (41t 5 4 B25806, & i
98.0%) , %5 W R XF B (HIE % b B21683, &% &
98. 0%) , YW F iR AR A IR A 7] O s
ali | B R A3 4l K R Al K S 2 ORI 1)
BV TS T 24 SR B T R 25 B A 4 S IE
2 HFEEH%R
2.1 @miEEH

{34« Agilent 5 TC — C g #1:(250 mm X 4. 6 mm,
5 wm) ;B AH : 205 - 0. 2% BEFR A (20:80,V/ V)5
W 2 1. 1 mL / min; KP4 2 286 nm; A1 - 30 °C; HEFE
.20 pL.

®1 HMHEREER

Tab.1 Information of medicinal material samples

% KRR )

Sl B d 4 B A R N K KRS T A 20200311

S2 Rk 4 7 % T RGBT AL 23R AT 20200316 - 1
S3 B0 B & T ik d BT T 20200312 - 1
S4 e 6 B & T A d B AR 20200312 -2
S5 e 05 4 7 0% 7L A b AT 4R A AT 20200314 - 1
s6 e 4 6T B B A AL AR AT 20200318

s7 Bl W& AR E UL R G M 20200323

S8 BB 4 G R R w A A T AT 20200324

S9 e v 25 7 & L fa B AT 4L 20200314 - 2
S10 BREAEWETARETH 20200316 - 2
SI1 ARG EFE 20200327 - 1
S12 FAREERETATAL 2020327 - 2
S13 LB HBEWT 2020327 -3
S14  LEEL PR 2020327 - 4
SI15  wlgBmE 2020327 -5
S16 HHAZET 2020327 - 6
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WS R e R LA ERR P R F Lok ik
R R ECR PR BB R A X IR G451 i R R
A il B E A B A3 A VR BE 43 03 Ry 55. 257, 12. 848,
19. 342,24.500,94. 176,105. 84,75. 831,13. 524 pg/ mL
14 YR A5 % L VS T o IR A R o R (e 3451 ) 2
0.15 g, Ki % FR 2, B 150 mL 2 ZEHE T, RS 2 in A
80% M EEA 50 mL, 5 %€ , PR o e, H S (B 56250 W,
W% 40 kHz) Zb P 45 min, 0%, FFRE BT, F 80% H
PV VR RN AR IR Y T o, B2, 8.0, 45 m TFL B RS U6
b IS E, B aﬁiﬁtnum{«zo
2.3 HAEFEEE

Z G058 PRI - B 2. 2 700 R IR Ak BE v i fit
AR IR B, $ 2. 100 F 5% A bR 2 , i0 5%
O 2 AR S f‘?(?‘u Xif A T
0T R [ L B s i) b A A 7 € i e, P B 504 45
ﬁ%ﬁﬁ@k?3mmﬁ*gﬁ$Li%%ﬁ%§
I TEULIE 1.

LM R L KT B W 2. 2 0T IR A5 %) BB
W 1,5,10,15,20,25 WL, 4% 2. 1T R (a3 S kR
SE L0 IETE AR L DLERE B (X, W) AR AR AR | 06 T R

A/ mAU

;
669. 22
500. 22 56 8
333.411 1
23 4
165. 41 M l
0 ¢/ min
0 10.87  21.74  32.61  43.48  54.35  66.22
A
A/ mAU
7
43.99
29.22
14.65 3
1 6
23 4M 3
~0.01 ALl 1 A ¢/ min
0 10.87  21.74  32.61  43.48  54.35  66.22
B
1. FHAE4 2. RILZKES 3. ookt 4. JF@ERF 5. ik FE
6%?“ 7. BB B 8. AEYEAA
A RS SRER B ARKSRIRR

|§|1 SRR EBRLE
1. Sodium Danshensu 2. Protocatechualdehyde 3. Caffeic acid 4. Salvi-
anolic acid F 5. Rosmarinic acid 6. Lithospermic acid 7. Salvianolic
acid B 8. Salvianolic acid A
A. Mixed reference solution B. Test solution

Fig.1 HPLC chromatograms

T2 GMXREZELER(n=6)

Tab.2 Results of the linear relation test (n =6)

Bl AA a5 12 R KB (ng)
FAEM  1,=37.669X - 6.1121 0,96  55.257~1381.425
BILAEE  1,=78.208%,-18.578  0.995  12.848~321.210
eSS Y,=112.552X,-5.0507  0.9998  19.341 8~483. 5450
FEEMF  V,=12.62X,-1.8069 0.9992 24.5~612.5
WHAR  1,=49.960; - 3.879 0.9997  94.176~2354.400
$EH Y,=153.94X, -12.005  0.997  105.84~2646.00
B Y,_132.64X,-13.983 0.9992  75.831~1895.775
FEEA  ¥,_130.07X, -8.71 0.9991  13.524~338.100

AR (V) AT LM 25 R L3R 2.

K % B2 0 R % W 2. 2 0 R IR A R A TR TR
10 pL, ¥ 2. 1IN (035 25 i SRR E 6 YK, 10 % 1
T AR o 45 2R 8 A i A g T AR RSD 43 5 R 1. 03%,
1.21%,0.98%,1.06%,1.37%,0. 87%,0. 79%, 1. 08%,
iéJ/J\?l 5%(n =6) , RWLIHNG B E R

JE PR - B2, 2 00T R i WOE &= o e

Tﬁﬁzﬁo 3,6,12,18,24 h 4% 2. 1 7 (3% 5514
?#Fﬁ{ﬂum 0 S UG T AR L 235 3R 8 AN A3 1T AR Y RSD
SR 1.27%,1. 04%,1. 18%,0. 94%,0. 84%, 1. 29% ,
1.34%,0. 79%, /N T 1. 5% (n = 6) , F B ALK 5 I TR
TEZ IR CE 24 h N HEATE E

HA P ORE B (Z 5 S5) i, #6 2. 2 T R
Bl A A TR, & 6 O, #0201 A SR 1 kAR
{)ﬂJm,ma%ﬂl%Ei\ﬁfr%aEO,H%S/\JEE%/F«‘EB’J
RSD 43 51 5 1.42%, 1. 00%, 1.24%, 1.37%, 1. 49%,
0.91%,0.97%,1.32%, 34/ T 1. 5% (n = 6) , LW 7 1%
EEMERL.

I RS < B 0 = A A (45 S5, &
ZZHN0. 370 mg J5LZEEE 0. 160 mg MIMERR 0. 209 mg 7+
IR F 0. 101 mg SEZEFRRO. 719 mg ELHFRO0. 510 mg J}
R B 8. 609 mg . FHEER A 0. 039 mg) ¥R 0. 15 g, K%
FRAE , 430 0 ACKE R %o B 3 o, 4% 2. 2 300 F 19 5 v
il g A WA R, H 2. 1IN A S R RN A e SR
WA TET AR, TSR [T S8 o 2 SR A4S A I 1 5
8] iz % 43 1) A 98.96%, 98. 94%, 99.20%, 99. 67%,
102. 43%, 99. 74%, 101.94%, 99.37%, RSD 43 %] K
0.93%,1.02%,1. 41%,1. 15%, 1. 30%, 1. 23%,1. 06%,
0.88%, /N 1.5%(n=6).

2.4 EXNKERTF(f)HHEHE

VEMCFH R B R AR , Sz FHB R B -5 A A7 DU
B (miyi= 1,2, 7) B AER R E R AR f = f ]
Frmen = At/ W) 1 (A s ! W gmmn) o 30, A,
— 1o DU 43 1 U T AR, W, oA R — R ) O R
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A yymms N T B R B (1) 1
i

B2, 200 PR A X A A K 1,5,10,15,20 pL, 4%
2. 130 F s A T R e 0 s i AL, S BT
DAFHE R B R INBRIST A 7 AN 000 Y 1, 25 5 L3 3. 7T
UL, 7B AR RSD /N T 1..0% (n = 5) 45 & 1 8w
2.5 frOmAMERE

VOAH € AR A B2 AR 5 (G55 S5) 38
KPR 402, 2500 B 7 vkl i, P4 2. 1330
I 4514, R FH Shimadzu LC — 20AT Y Agilent 1260 II 7!
J Waters 2695 HI = 508 H (43 R 58, 43 1R H Agilent
5 TC - C5(2)# . Kromasil 100 = 5 — C g4, L & Welch
Ultimate Cq H ( #8 4% ¥4 2% 250 mm X 4.6 mm, 5 pm)

U, W ppmmn N T B R B Y

R3 BEURSHOENRERTF

Tab.3 Relative correction factors of each component to be tested

BHI(L) FAEH RLEE PR RRRF #ZAR FER AREB AHRA
1 0.9251 LIM8 1342 1257 097 L3406 1.0000 1.3490
5 09269 L1194 13296 1.2506 0.978 1.3269 10000 1.3564
10 0.977 L1249 13308 12498 09826 13325 L0000 1.3493
5 0.9317 L1097 13312 12466 0.9696 1.3358 10000 1.3509
2 0.9408 11325 1345 12409 0.9689 13271 10000 1.3466
X 0.9304 11203 L3301 12489 0.9750 13326 10000 13304
RD%) 061 09 038 046 059 04 0 0.27

HEREIISE , 0 SR T AR, DRI HRE ol A B B R R, 1
TERGE O AL KA — I AR 7 1 RE I 1R 2
K MR R4 TR 4,

FEIR : B2 M RE i (G5 S5) I8 &, # 2. 2 T F Jr ik

F4 TEBIERFGNEEEXENRIER T

Tab. 4 Effect of different chromatographic systems and chromatographic columns on relative correction factors

ERF GRS JFAEM RILERE  oebER JTREF  #a AR R¥ER JTRHMB JTEBEA

Shimadzu LC — 20AT % Agilent 0.925 1 1.1148 1.3242 1.2567 0.9771 1.3406 1.0000 1.3490

Kromasil 0.9269  1.1194 1.3296 1.2506 0.9768 1.3269 1.0000 1.3564

Welch 0.9253  1.1249 1.3308 1.2498 0.9826 1.3325 1.0000 1.3493

Agilent 1260 1T & Agilent 0.9357  1.1097 1.3312 1.2466 0.9696 1.3358 1.0000 1.3509

Kromasil 0.9408  1.1325 1.3345 1.2409 0.9689 1.3271 1.0000 1.3466

Welch 0.9251 1.1203  1.3239 1.2563  0.9764 1.3394 1.0000 1.3477

Waters 2695 7 Agilent 0.9288  1.1203 1.3293 1.2502  0.9762 1.3257 1.0000 1.3551

Kromasil 0.9427  1.1281 1.3305 1.2494  0.9820 1.3313 1.0000 1.3480

Welch 0.9317  1.1154 1.3309 1.2462 0.9690 1.3346 1.0000 1.3496

X 0.9313  1.1206 1.3294 1.2496  0.9754 1.3327 1.0000 1.3503
RSD(%) 0.74 0.63 0.25 0.39 0.54 0.41 0 0.25

il £ B T A TR, TR 2. 1 TR (i A1 (O s A
M 20,25,30,35 C) SRR E , 30 s W T AR 1B RE
o AR LR 5, 45 Y AR RSD Y/NT 1. 0%, 3%
A S0 % S5 AR R A — o R AR AR AR ik
e 2 e 2K T P R4

T - BUZG R RE S (45 S5) il 4% 2. 2 101 F i ik
S5 AR SRR, TR 2. 1 IR (A A5 F (0 BB

F5 AEMFERXEITEIEREFH M

Tab.5 Effect of different column temperatures on relative correc-

WON1.0,1.1,1.2,1. 3 mL/ min) SR 2 , $C 55 06 1 FH
FITERE S A 25 R 6, 4 FF I B4y FE Y RSD 34
INTF 1. 0%, 2 B & A — e B AR A, A Tk g
Tl A I K i A R AT
2.6 fFNAK S BIILEE AL

B2, 5 70 A VA G 1, 43 I A ] = RO
AHETE RS0 ([F] 2. 5T N A5 ki) , 71534 o

F6 AEFER IR IE B F i 50

Tab. 6 Effect of different flow rates on relative correction factors

fon Toetors “ FAEH RLEE bR AREF #4548 FIR FBED ABRA
BR(C) AAEH RLER R ABREF R348 LER ARED ABRA (im) B ‘
20 0,941  L18T 13355 L2603 09699 1.3388 1.0000 1.3714 1.0 0.9203 13413 11168 L2719  0.9644 13507 1.0000 1.3864
25 0.9254 11232 1.3368 12606  0.9810 1.3445 10000 1.3642 1.1 0,931 L3427 L1215 L2714 09751 13565 10000 13791
30 0.9291 11086 1.3374 12574  0.9719 1.3475 10000  1.3654 1.2 0.9206  1.3436 11074 1.2682 0.9660 1.3593 1.0000 1.3800
35 0.9410 11332 13406 L2517  0.9642 1.3396 1.0000 1.3614 1.3 0.9412 L3466 11339 12625 0.9585 1.3522 1.0000 1.3763
X 0.9299 L1208 1.3376 12577  0.9717 1.3426 10000  1.3656 it 0.9281 13436 11199 12685 0.9660 1.3547 1.0000 1.3804
RSD(%)  0.83 0.9 0.16 0.35 0.72 0.30 0 0.31 RSD(%) (.85 0.13 0.97 (.29 0.70 0.22 0 0.13
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B AH 6 O B8 I R 25 3R A RSD ¥ /N F 1. 00% . 1
W37,
2.7 QAMS EESIMREMEL RILE

B 164t 24541 RE 4508 B, 4% 2. 2 300 F 5 v i &t
TR, H5 2. 130 F A SR eI o |, T SR TR,
A3 R FAMREE 5 QAMS B THR4S o 2 1, B« K 56
SEILZE] 2 RPN E T VL R 2 % (P> 0.05),

PEILFE 8 FIFK 9,
3 itig
3.1 ASHMERERE

AR M H T NAEINRIN R & BTS2
b5 A8 R TEBURE A RO R A I B, S 2

A BB R AN UG R SO B v 2 B4 A 8 R B
TRTPRIA R, X5 25 b4 it ) 8 6 O T B i L
PARE fl (45 S6) R IFFE XTG4 A IR A i) S k175 5C
(B W+ .55 CHEF DA B+ DDA+ D1 A 55 C
HE) AL BREE A S RSPS90 PR IR B A AR LU
AR B4 e o TLBEE 4 T AOIG BRI R B ¥R 4 2K
il e A, DT e R RG22 00 = 120 [0 10k DUV AR e i £ 17
BRI R, B RS T P2 20 W 254 S A
UK, BOTENR B AU SR L TR SR
9 R S M AR A o A W OR AR T B2 4, 5 0k L
M AR T2 o AR A2 W B B AR R
FISZIR , PHIR IR B S5 /KR PR3 1 i ikl 2 o Rt

RT  BEFNESBIHE X R E R E

Tab.7 Relative retention time of each component to be tested

LB AR5 & itz FHAEs ROLKRES  owekit AFB@TF B4R FESR JSFHBKRB HBRA

Shimadzu Agilent 0.1522  0.1899  0.1987 0.5382  0.6253  0.6955 1.0000  1.5539

LC - 20AT & Kromasil 0.1514  0.1872 0.1993  0.5390  0.6266 0.6958 1.0000  1.5524

Welch 0.1508  0.1905 0.1969 0.5397  0.6279 0.6961 1.0000  1.5509

Agilent 1260 11 & Agilent 0.1522  0.1916  0.1975 0.5404  0.6292 0.6964 1.0000  1.5494

Kromasil 0.1497  0.1917 0.1963 0.5411  0.6305 0.6968 1.0000  1.5480

Welch 0.1517  0.1925 0.1969 0.5418  0.6318 0.6971 1.0000 1.5465

Waters 2695 %! Agilent 0.1513  0.1908 0.1975 0.5425  0.6332 0.6974 1.0000 1.5451

Kromasil 0.1509  0.1914 0.1957 0.5431  0.6344 0.6977 1.0000 1.5436

Welch 0.1528  0.1905 0.1963 0.5368  0.6325 0.6956 1.0000 1.53738

X 0.1514  0.1907 0.1972 0.5403  0.6302 0.6965 1.0000  1.5475
RSD(%) 0.61 0. 81 0.59 0.38 0.49 0.11 0. 00 0.32

K8 MFESQAMSEESEMELR (mg/g)

Tab.8 Results of the content determination of seven components determined by external standard method and QAMS method (mg/g)

Bt ARED FAF ook B R BT # kAR REm® FHEYER A
SRk OMASH  SMEE OMASH  SMRE QMASHE  SMEE QMASH  SMEE OMASH  SMRE QMASH  SMEE QMASH

Sl 66.234 1126 L1131 0.061  0.054 0.138 0.139  0.924 0.917 7.8  7.881 3.982  3.964  0.274  0.285
2 39182 1117 L12 0711 0.750  0.816 0.818  0.911  0.917 7.837  7.85%8 3.971  3.959  0.274  0.286
$3 57347 1276 1282 0.320  0.33%6  0.748  0.752  0.273  0.269 2892  2.876  1.243  1.214  0.128  0.115
S456.626 1,235 1251 0.342  0.325  0.741  0.745  0.290  0.297 2,911  2.884 1222 1.214  0.119  0.117
S5 55.424  2.463 2478 1.084  1.067  1.345 1351  0.649  0.658  4.783 4767 3.431  3.409 0.263  0.272
S6 62784 2398 2411 1071 1082 1436 1402 0.918  0.935 6731  6.754 4102 413 0317 0.315
ST 62332 2394 2,407 1035 045 1916 1933 0.921 0915 6753 6733 4131 4113 0.366  0.357
S8 53.007 1538 L1542 123 1.251  0.946  0.954  0.791 0.779  6.280  6.253  3.497  3.478  0.179  0.167
S99 56.82 1.283 1271 1282  1.268  0.363 0.386  1.284  1.300  5.980  5.931 3.572  3.564  0.359  0.345
SI0 41096 1656 1643 1.292 1278  0.367  0.359  1.280  1.295  5.933 5947 3.551  3.583  0.358  0.349
SIT 54735 0.741  0.726  0.831  0.849  0.149  0.161  0.372  0.359 4241 4262 1618 1.697 0.224  0.211
SI2 36288  0.775  0.751  0.821  0.846  0.158 0.173  0.383  0.390 4252  4.276  1.664  1.643  0.204  0.213
SI3 38.091 2287 2268 1035  1.008 1180  1.175  0.540  0.552  7.572  7.599  5.842  5.895  0.059  0.058
SI4 30,973 1.493  1.476 1731 1702 0.423  0.409  0.170  0.165  3.314  3.333 1407  1.446  0.288  0.275
SIS 60.131 1477 1459 L1404 1437  0.943  0.979  0.206 0.212 2970 2941 1979  1.947  1.666  1.662
SI6 33.818 1346 1.326 L1618  1.627  1.102 1120 0.233  0.240 3.163  3.132 2363  2.334  1.851  1.857
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Tab.9 results analyzed by paired ¢ test
BaRs  F# Xlmglg) SD(mglg) FHMEME  fh P

FhEM MRk 1.54 0. 56
0.01 1.048 0.311

QAMS#  1.53 0.57

kiR SRk 0.99 0.46
-0.01  -0.621 0.544

QAMS:: 1.0 0. 46

RILKE Mk 0. 80 0.52
0.00 -1.312 0.209

QAMS:E  0.80 0.52

ABERE Mk 0.63 0.38
-0.01  -1.392 0.184

QAMS#  0.64 0.38

HBABR  SMRE 5.22 1.86
0.01 0.454 0.657

QAMS#  5.21 1.87

FER MEE 2.97 1.35
0.00  -0.139 0.891

QAMS# 2,97 1.36

ABBA  MRE 0.43 0.53

0.00 1177 0.258
QAMS#  0.43 0.53

M AL T, o mpi BRI, DLRE AT BRSO o
AHEFE TR BESF S M FE L (5 S1 - S16) B DL 24
BT A2, DL KPR B MR B8 P S A 8084y e &
R 4 VA 1 s P2 N T b 5T
3.2 A% QAMS iEREEMH

KT FHS 0k 55 b5 E 7 1k, 2020 45 iR € [ 24
(—FOVHE T PHES IR R P2 11, 2, L
SR AT S 2 1555 () & it HAR X T H S
B IS YRR RNz B B o A R AR AN fiE
R4 THT M 2 B P2 v A K PR a3 1 25 S AR
R B I AE P2 PHR IR FOPHRZ G PHE R A
G B RAWESRE T 220 A0 1 F (9% A 0 ax 4
JRLG3 ) $2 BT ¥ A 2 5 vE A 52 A A B g v
WA SN 21 P R G X IR SR B P R F L PH I R A
85 FBE M RLAr AE g X G L3 -14) 3SR AR A
FEI RS A3 () % B B b R B T P S 2 b R & 7Y
& FHS) B BRI L5300 43 A B o IR Sh Ph2 2 4 55
9300 53 KB Pk 2% R B SR AR A T — Rl U) SE AT AT A A
GEIT % M PRV R e a8 L 20073 AT AT
H 280 QAMS 12: I 22 £5 B 43 7 it 5 A i I e 45 51 T
2 RIZOT I HERR BB AN R A6 R
B SRR BRI AN, T AR 0 20 IR 1 4 B[R] R A i
AT DTN 4 PN P S 250 0 T A 9, A7
I B8 i [X 0 25 4 A P 22 S5 o G R s o 42
A T AR SS90 Oy T A T Ml R P2 25 6
W T, A Je b e B PR R G 55 R o3 Ak 2L SR T 5%
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