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[ Abstract] Objective: Taking ultrafine granular powder of Salviae Miltiorrhizae Radix et Rhizoma
(UGPSMR) as the research object, to establish a method for evaluating its physical properties. Method: A
method was established for measuring the particle size distribution and specific surface area of UGPSMR, and
the methodological investigation was carried out. A total of 15 physical indicators [ D,, (particle size value when
the cumulative particle distribution reaches 90%) , particle size distribution range, particle size distribution
width, bulk density, tap density, intergranular porosity, Carr index, specific surface area, pore volume, angle of

repose, tablet angle, Hausner ratio, black to white degree L', red to green degree a”, yellow to blue degree b"]
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were used to characterize the quality attributes of UGPSMR and to construct the physical fingerprint.
Multivariate statistical analysis methods such as similarity analysis, cluster analysis (CA ), principal component
analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were used to evaluate the
quality of 11 batches of UGPSMR (S1-S11) produced in different years, and to find out the difference index
between samples from different batches. Result: The method for measuring the particle size distribution and
specific surface area of UGPSMR was feasible and repeatable. The similarities between the physical fingerprint
of 10 batches of samples (S1-S3, S5-S11) from production and control fingerprint of UGPSMR were above
0.85, but the similarity between sample S4 and the control fingerprint was only 0.488. There were some
differences in physical property indicators between different batches of UGPSMR, and the characteristic
difference indicators were intergranular porosity, specific surface area, pore volume, b°, L, Carr index,
particle size distribution width, respectively. Conclusion: This method can comprehensively evaluate the
physical quality attributes of UGPSMR, and can reflect the effect of differences in material basis of the
medicinal materials or production process on the physical properties of finished products, and can evaluate
quality consistency between batches from the physical state level, which provides new ideas for the quality

control of ultrafine granular powder of herbal medicine.
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Table 1
(UGPSMR) (n=2)
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Determination of quality indexes of physical properties of ultrafine granular powder of Salviae Miltiorrhizae Radix et Rhizoma

Dy, Dy, D,, N Vg Da Dc

1] a . 1C

Width

4 . . L a’ b* Te Span IH
/pm /pm /pm  /m?-g! /mL-g! /grem?d Jgeem? /& 1% /pm
S1 38.006 12.807 3.648 0.2360 0.0009 0.6565 0.7515 33.8 403 3225 15.80 21.04 0.19 12.64 3436 2.68 1.14
S2 37.570 12951 3.806 0.2119 0.0009 0.6785 0.7515 33.9 40.8 31.11 14.72 19.26 0.14 9.71 33.76 2.61 1.11
S3 37.377 12944 3.732 0.136 7 0.0008 0.6540 0.7480 34.8 402 32.68 1592 21.17 0.19 12.57 33.65 2.60 1.14
S4 27.589 9.691 3.300 0.6052 0.0025 05515 05955 379 405 37.51 17.88 24.68 0.13 739 2429 251 1.08
S5 23.429 9.266 3.541 0.2373 0.0009 0.6370 0.6595 369 41.7 27.13 11.76 14.07 0.05 341 19.89 2.15 1.04
S6 24.699 10.132 3.694 0.2858 0.0010 0.6415 0.6655 37.0 44.1 28.84 13.04 1645 0.06 3.61 21.01 2.07 1.04
S7 25.306 9.247 3.406 0.1733 0.0008 0.6360 0.6660 358 432 28.61 12.15 14.88 0.07 4.50 2190 237 1.05
S8 34.183 13.056 3.792 0.2413 0.0009 0.6624 0.7230 36.4 403 2599 12.76 1448 0.13 8.37 3039 233 1.09
S9 33.665 11953 3.731 0.2162 0.0009 0.7228 0.7496 36.4 393 27.81 12.80 1495 0.05 3.57 2993 250 1.04
S10  38.733 12.636 3.607 0.0922 0.0006 0.6582 0.7234 358 399 27.50 1336 1534 0.14 9.02 35.13 2.78 1.10

S11  37.965 12.146 3.445 0.1889 0.0008 0.6833 0.7695 357 403 28.69 1497 17.13 0.16 11.20 3452 2.84 1.13
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Table 2 Standardized conversion methods and ranges of

conversion values of secondary physical quality indexes of

UGPSMR

— AR YRR/ B AL L (/N
By Dyy/pm 0~150 10-x/15
Width/pm 50~1 10-x/20
Span 4~1 (40-10x)/3
L 0~100 x/5
a’ 0~100 (x+20)/5
b 0~100 (x+20)/5
L Da/g-cm™ 0~1 10x
Dc/g+cm? 0~1 10x
AT A le 0~1.2 40x/1.2
1C/% 0~50 x/5
Vg/mL-g! 0~0.01 4 000x
W o/ 0~50 10-x/6
a/fE 0~60 10-x/6
IH 31 (30-10x)/3
R S/m?-g! 0~2 15x

TE - RN 25 AR b B Rl A 9 25— 00 5E 1

2.3.4 YRR SRS A A B LD i PR 2 i RE TR
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7.83) , Width (8.24~9.01, 8.55) , Span (3.86~6.42,
5.02), L (5.20~7.50,5.97) ,a" (6.35~7.58,6.82) , b
(6.81~8.94,7.52) , Da(5.52~7.23, 6.53) , Dc (5.96~
7.69, 7.09) , Ie (1.65~6.42, 4.00) , IC (0.68~2.53,
1.56) , Vg(2.40~9.80,3.91) , ¢ (3.68~4.37,4.03) , a
(2.65~3.44, 3.17) , IH (6.18~6.55, 6.38) , S (1.38~
9.08,3.58) . 11 HLPFZWEREIR I 1) Dyy 31 <45 wm (XF
NI G ACAE 24 >7) A5 G 1 0 o et b E 5K 5 R - AR

®3 ASWERRIYVEELELHNSERELE

BN T B PR AT . — A, <30 R IR i B Pk
U 5 <40 FE R om Al DL e 2R 7 2ok 78 op iy it 3 P
K5 >40 FE R R T s M2 1L P S i RE IR
PR IR ff1 35 <40 JBE O N 5% A1 19>3.33) , & W] 3l
PERGF, 2 AR 1 a B R T oo 10 4R AE 7™ FF
i (S1~S3,S5~S11) ) §¥9<0.3 m’- g, 5 J} = i ¥
(3.0 m* g ) A EL B AR 10 4% , 10 B ) B ks J5 L S
BN AR T AR E R AT

Table 3 Transformed values of each index in physical fingerprint of UGPSMR

se By — Pk R Al i P FasE
Dy, Width Span L a’ b Da Dc Ie IC Vg @ « H S
S1 7.47 8.28 4.39 6.45 7.16 8.21 6.57 7.52 6.42 2.53 3.60 4.37 3.29 6.18 3.54
S2 7.50 8.31 4.64 6.22 6.94 7.85 6.79 7.52 4.77 1.94 3.40 4.36 3.21 6.31 3.18
S3 7.51 8.32 4.67 6.54 7.18 8.23 6.54 7.48 6.41 2.51 3.00 4.20 3.30 6.19 2.05
S4 8.16 8.79 4.98 7.50 7.58 8.94 5.52 5.96 4.47 1.48 9.80 3.68 3.24 6.40 9.08
S5 8.44 9.01 6.18 5.43 6.35 6.81 6.37 6.60 1.79 0.68 3.60 3.84 3.05 6.55 3.56
S6 8.35 8.95 6.42 5.77 6.61 7.29 6.42 6.66 1.87 0.72 4.00 3.83 2.65 6.54 4.29
S7 8.31 8.91 5.44 5.72 6.43 6.98 6.36 6.66 2.36 0.90 3.20 4.04 2.80 6.51 2.60
S8 7.72 8.48 5.57 5.20 6.55 6.90 6.62 7.23 4.21 1.67 3.40 3.93 3.28 6.36 3.62
S9 7.76 8.50 4.99 5.56 6.56 6.99 7.23 7.50 1.65 0.71 3.40 3.93 3.44 6.54 3.24

S10 7.42 8.24 4.07 5.50 6.67 7.07 6.58
S11 7.47 8.27 3.86 5.74 6.99 7.43 6.83
R 7.83 8.55 5.02 5.97 6.82 7.52 6.53

7.23 4.57 1.80 2.40 4.04 3.35 6.34 1.38
7.69 5.47 2.24 3.20 4.06 3.28 6.25 2.83
7.09 4.00 1.56 3.91 4.03 3.17 6.38 3.58

2.3.5 MHRIUESHT E TS0 A 158
& ST 1 6 bR e A A, >R B SPSS 22.0 k44 vh
PR BE TS R HE K PE 2 0 RE AR R i A AL L A
RLRE 4223 1, R W 2 HEAE i i 4 B BBk A T . 3
TRE Y S1~ST1 1 W 48 S0 IR 5 5 RO AH L 43 31
7 0.872, 0.973, 0.858, 0.488, 0.922, 0.916, 0.967,
0.981,0.932,0.933,0.917, H e dh S4 5 R AL
AR s AR TOHE KA ™= B 5 1 W B8 SRS 5 R Y
AEACLBE B4 o DRIt 30LRI A o A 4 B s 0 IR i 5
R (4 AR ABLE 13 >0.85

23.6 Ziogiitsrtr R SPSS 22.0 A, LA 11
EAE i ) B AR SIS 1 RAE SR bR (154> A8 br %
AAE ) o A8 it 356 B BRI BE B8 7 J7 1 S I B A7 2R
B P (CA) L HIBER I, WL 2(A) 52K H SIMCA-
P 14.1 Bk 30 AT 3 B4 43 BT (PCA) 3 A s Bl &
W3S A, BTk 5 B L4 (PC) 1=50.9%,
(PC)2=35.1%, (PC)3=6.9%, 23 51 ik ik 92.9%,
U BH 3 Ao O B A L 3 A 3 o B AR R B AN TR
AR B 2Z R 5 15BN X R Pl E

SVEH L BEUE i BEAE S P i X R E B, H PCA
B EWE2(B) . k547 & B CA Fl PCA 25 53
FEA —F, B RE S S1~S11 43 i =2, #E i S5~87,
SO Ky —2&  FE 5 S1~83,88,S10,S11 H —2%,54
B A Ry — 2, 55 A BLE 43 B 5 R SRR — 30 Ul
XA SRR R ) PR AR — 2R
T R 3 M T 4 ) A OGS R IR A
fifi FH SIMCA-P 14.1 8 EXT 11 AR 5 /Y 4 2E 45 2 &
T 45 46 b i AL B HE AT IE 3 D fie /N 3R 1k - 5 4y
Hr (OPLS-DA). K OPLS-DA J& T4 Wi & 4 341 51 7
Br, WCE CA FI PCA I 43 2 BE 0l b L8 11 HERE 5 43
334 (afH :S1~S3,S8,S10,S11;b 4 : S4;¢ 4 .
S5~S7,S9) . i ik P HL A, 4R A A TR] i) R B 2
SEFE AR, 25 B R R R A A AR O e A b o[ 1]
J7 1) B 4o 2 AR U BH R A ) A B T 2%
FUE, WK 3(A,C,E) ;4 &7 & 5 28R
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