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Study on identification of key physical parameters of traditional Chinese
medicine compound powder affecting particle fluidity based on water alcohol
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Abstract: Objective To explore the key physical parameters of the traditional Chinese medicine compound powder affecting the
particle fluidity under the water alcohol double extraction process. Methods The pre granulation powder and post granulation pellet
of three Chinese herbal formula varieties, Xingbei Zhike Keli (5 Il 1E1% i, XZK), Guizhi Fuling Jiaonang (FE7 PR %K 2, GFJ),
and Shenwu Yishen Pian (Z 5255 F, SYP) under the water alcohol double extraction process were used as the research objects, and
the physical fingerprints of the powders were plotted by multivariate statistical analysis, combined with Pearson correlation coefficients
to evaluate the consistency of powder quality; Particle mobility was evaluated by principal component analysis (PCA) combined with

factor analysis; And based on the bulk density (D.), tapped density (Dc), angle of repose (o), Hausner’s ratio (IH), particle size < 50
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pum percentage (Pf), homogeneity (HG), uniformity (UN), particle size (D10, Dso, Deo, Do), width of distribution (span), range of
distribution (width), specific surface area (SSA), porosity (le), Carr index (IC), moisture content (HR), moisture uptake (H) as
independent variables, and total factor score of particle mobility (TFS) as dependent variables, the orthogonal partial least-squares
discriminant analysis (OPLS-DA) model was constructed to identify the key physical parameters of the powder. Results The physical
fingerprints of 15 batches of powders from each of the three varieties were constructed separately, and combined with Pearson’s
correlation coefficient results showed good consistency in powder quality among the three varieties, in which SYP particles were
superior to XZK particles and then superior to GFJ particles; The particle fluidity TFS was calculated, and overall the fluidity XZK
particles were better than SYP particles and again better than GFJ particles; H, UN, SSA and HR were identified as the critical material
parameters affecting the particle mobility after optimization by OPLS-DA model, and permutation test results indicated that the model
was valid and reliable. Conclusion The critical property parameters affecting the particle mobility of TCM compound powders under
the water alcohol dual extraction process were identified as A, UN, SSA, HR based on the OPLS-DA model.

Key words: water-alcohol double extraction; key physical parameters; multivariate statistical analysis; orthogonal partial least squares-

discriminant analysis; mobility; physical fingerprinting; principal component analysis
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Table 1 Limit values for physical properties of powder and

conversion methods
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Fig.1 Superimposed physical fingerprints of 15 batches of GFJ, SYP and XZK powders
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Table 2 Characteristic analysis of correlation matrix

ERsy FFIEAE b AL e
1 5.199'5 0.649 9 0.649 9
2 2.0392 0.2549 0.904 8
3 0.4340 0.054 3 0.959 1
4 0.1557 0.019°5 0.978 5
5 0.084 1 0.0105 0.989 1
6 0.054 2 0.006 8 0.995 8
7 0.030 4 0.003 8 0.999 6
8 0.002 9 0.000 4 1.000 0
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test of sphericity approx), Z5H1% 3 ffix, KMO=
0.793>0.5, ERFAIRFER IR I R 24k P<<0.001,
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TR e RECE SIS R &INRE 1, &
NG AE P e R R AR E i 58 SR S 1 T e
F7200, YRR 45 B OR R% N 0.963, R2y N 0.947,
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Table 4 Total factor score results
Ff i F1 F2 F3 F4 F5 F6 F7 F8 TFS

GFJ-K5 0.0375 —0.089 2 0.146 3 0.018 7 0.006 5 0.002 9 0.001 8 —0.000 2 0.124 4
GFJ-K4 0.2752 —0.1215 0.116 5 0.0136 0.007 7 0.005 5 —0.001 7 0.000 0 0.2953
GFJ-K9 0.5815 —0.1111 0.0950 0.0019 0.0099  —-0.0082  —0.000 1 0.000 8 0.569 7
GFJ-K10 0.670 5 —0.124 1 0.0419 0.009 1 -0.013 1 —0.003 8 0.000 5 —0.001 1 0.580 0
GFJ-K6 0.474 6 0.003 5 0.1240  —0.000 7 0.0027  —0.0050 0.005 5 0.000 8 0.605 3
GFJ-K1 0.704 8 —0.180 8 0.1109 0.002 5 —0.005 3 -0.012 8 —0.003 5 0.000 0 0.6158
GFJ-K12 0.752 1 0.0129  —0.0507 0.008 5 —-0.002 0 0.004 1 0.006 7 —0.000 7 0.7310
GFJ-K3 0.8107 —0.143 6 0.070 0 0.0018  —0.006 0 0.006 8 —0.004 8 —0.000 3 0.734 7
GFJ-K11 0.808 7 -0.1179 0.043 7 0.0037  —0.003 4 0.0102  -0.0026  —0.0003 0.742 0
GFJ-K13 0.798 4 -0.0402  —0.009 7 0.006 5 —0.005 1 0.003 5 0.0046  —0.000 6 0.7573
GFJ-K8 0.955 6 —0.059 1 —0.056 1 0.004 5 0.0129 0.0116 0.001 7 0.000 3 0.8714
GFJ-K14 1.046 9 -0.0120  -0.0739 0.0010 0.004 1 0.004 1 0.004 6 0.000 0 0.9749
GFJ-K15 0.960 8 0.0546  —0.0347  —0.0027 0.0044  —0.000 8 0.008 6 0.000 5 0.990 7
GFJ-K2 1.3886 -0.0999  —0.093 5 —0.003 3 0.004 6 0.007 5 —0.000 7 0.000 3 1.203 5
GFJ-K7 1.655 1 -0.1818  —-0.0617 -0.0134  —0.004 5 -0.0109  —0.004 8 0.000 5 1.378 6
SYP-K1 —0.604 0 0.0712 0.000 6 0.030 7 0.0242  —-0.0014  —-0.0027 —0.000 1 -0.4815
SYP-K7 —0.602 7 0.2644  —0.0099 0.027 1 0.0174  -0.0017 0.002 5 0.000 1 —0.302 8
SYP-K5 —0.388 2 0.2181 0.001 8 0.018 3 -0.0144  —-0.0019 0.000 7 —0.000 5 —0.166 0
SYP-KIl  -0.3214 03410 —0.0140 0.0129 0.0050  —0.004 5 0.002 9 0.000 0 0.0220
SYP-K4 -0.267 1 03300 0.0072  —0.000 1 -0.014 2 0.0059  —-0.0036  —0.0003 0.057 8
SYP-K14  —0.3463 04144  —0.0161 0.008 3 0.009 6 0.005 4 0.000 1 0.000 4 0.0759
SYP-K10 -0.2729 03870 —0.0100 0.008 9 0.0017 0.003 2 0.001 5 0.000 1 0.1195
SYP-K15 —0.2863 04177  —0.0176 0.007 8 0.0024  —0.0011 0.002 1 0.000 2 0.1252
SYP-K9 -0.2399 04036  —0.0043 —0.001 5 —0.005 1 0.002 1 —0.001 7 0.000 0 0.153 1
SYP-K2 0.0170 0.250 2 0.0029  -0.0310 0.0136  —0.000 1 —0.011 6 0.000 2 0.2412
SYP-K6 0.063 6 02209  —0.0162 —0.000 1 -0.0012  —-0.008 5 —0.001 3 —0.000 3 0.256 8
SYP-K3 0.0959 02104  -0.0115 -0.018 3 0.003 9 0.001 8 -0.0090  —0.000 1 0.273 0
SYP-K13  —-0.1628 0.468 5 0.0000  -0.0052  —0.006 9 0.0024  —0.0013 0.000 2 0.294 8
SYP-K8 0.005 1 03570 —0.0172 -0.0026  —0.0079  —0.008 6 0.000 5 —0.000 1 0.326 1
SYP-K12 0.022 9 0.460 3 -0.013 5 —0.010 8 —0.017 1 —0.009 6 0.000 1 —0.000 1 0.4322
XZK-K14 -1.0139 -0.172 2 0.0539 0.0014  —0.003 4 0.0115 0.001 8 0.0002  -1.1208
XZK-K9 —0.896 4 —0.146 5 0.0384  —-0.0030  —0.0156 0.005 4 0.003 4 0.000 5 -1.013 8
XZK-K13  —0.626 6 -0.3206  —0.048 6 0.0314  —0.009 7 0.0006  —0.000 8 0.000 5 —-0.973 8
XZK-K1 —0.596 3 -0.3038  —0.0498 0.010 1 0.0103 —0.0054 0.000 1 —0.000 1 —0.934 8
XZK-K11 —0.4655 -0.4199  —0.068 3 0.0647 —-0.0156 —0.0033 —-0.0050 0.0002 09126
XZK-K4  —0.5079 —0.341 8 —-0.0514 0.0190 0.0155 -0.0047  —0.0022 -0.0004  —0.8740
XZK-K8 —0.5423 -0.247 1 -0.0254  —-0.007 8 —0.007 3 —0.006 8 0.0013 0.0002  —0.8353
XZK-K6 -0.6750 -0.1214 0.0232  —0.0362 —0.0120 —0.004 7 0.005 6 0.0002  —0.8203
XZK-K2 —0.562 2 -0.2118 —0.0125 —0.029 3 0.0109 —0.011 8 0.0034  —0.0004  —0.8138
XZK-K3 —0.509 5 -0.2589  —-0.0157  —0.0310 0.018 5 —0.009 7 0.001 1 —0.0006  —0.8058
XZK-K5 —0.651 6 —0.152 6 0.019 1 —0.0259 0.0143 0.0122 0.000 3 —0.0006 —0.784 6
XZK-K7 —0.390 8 -0.2715 -0.0510 -0.0210  —0.0029 0.002 8 —0.001 7 0.0004  —0.7358
XZK-K12 —0.4163 -0.276 8  —0.0202  —0.007 8 -0.011 3 0.004 3 —0.003 3 0.0002  —0.7312
XZK-K15 —0.4920 -0.1388  —0.0122  —0.0354  —0.006 7 0.012 8 0.000 8 0.0002  —0.6712
XZK-K10 —0.2877 -0.2207 —0.0297  —0.0253 —0.009 4 —0.0013 0.0004  —0.0002 —0.5741
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2 MIARALTERTEEREM (VIPH) HF

Fig. 2 Initial model variable importance in projection (VIP value) ordination plot

inflation factor, VIF) P¥A ik 18 NE & 2 [A]fH) 3k
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rarzn, 18 MEEY R o FHR ) VIF /N T 10,
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42 m A TN AE 77, 4B 3 AR R VIP B/ E]
KR, 3220 AR &5 25 357 72 37 OPLS-DA 4%
A, BTN R2 RYy Q2 4TSS,
SERULPE 3. I 3 AL BEE E A ERE D,
B 0N 4 B A AR 2 5 BT E N B A DA span-
Dio» SSA. UN. H. HR % 6 N8 5 kL TFS
FRRKIE OPLS-DA 7L, JLE AL R2y hy 0998
Ry N 0.940. Q%K 0.928, HEAIZEETEREIL S s
VIP>1 [(JAF &4 H. UN. SSA. HR (¥ 6), It4h

x5 VEERNTEILMISHT

Table 5 Variable collinearity diagnosis of initial model

A B VIF T KE VIF
Do 0.004 27177 | @ 0.155 6.45
Dso 0.001 168782 | D.  0.000 5813.72
Doo 0.001 1634.17 | D  0.000 2621.95
Pf 0.002 45241 | L 0.000 2 699.47
WHE 0003 32441 | IC  0.000 2569.41
Y5 0.001 880.09 | TH  0.001 1473.30
span 0.001 862.38 H 0.067 14.98
SSA 0.006 17634 | HR  0.110 9.13
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4 —h QZ
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20 16 12 8 4 0
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Fig. 3 Trend chart of R%x, R*y, 0> models with decreasing

independent variables
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*6 MUEEMTERFEREN (VIP H) STEHEM
ZHT (VIF {8)

Table 6 Variable projection importance (VIP value) and
variable collinearity diagnosis (VIF value) of optimization

model
A VIP VIF B/ VIP VIF
H 1.154 4 8.659 | HR 1.004 2 2.821
B35 1.1499 12.622 || Dio 09095 24.785
SSA 1.0550 37.377 | span 0.629 9 2.040
i
0 1~
& 02
o .
K |
zZ *0.4:
0.6
UN SSA H HR
ezt

El4 MUEETESHRLRMEEERKE
Fig. 4 Regression coefficient diagram of independent

variable and particle fluidity after optimization
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Fig. 5 Permutation test plot

3 it

Hh 24K 2R R RIURE A2 52 Wil i) 771) Jog & 11%) 26 2 v ]
Mo ARSEEG LS bR AR = HHK-BE R T2 F I GZI
SYP. XZK 3 A fb A AR A B 4 0 Rer i 20 e
I R g 1A, AT T 3 AN TR . B,
BB S EEAD Pearson FHOC REGEM TR R
LR AT B —EE, 458 EoR SYP-F13. 14, 155
B ™ B AR, ORI — R E R,
GFIJ-F #1 XZK-F )5 & — AR s ik, K
FA 2 3053 43 B R R F- 40 B vPANR T R 8l it 9
THE AR BORL AN PE AL R 71598 TFS, 45 R SR
Pt XZK-K T SYP-K Ft T GFI-K, —%Ey
Il SYP-K fiF XZK-K FLF GFI-K; fa, i
T Z A AR OPLS-DA B, #E K S i
KL B R R B ESECN H. UN. SSA Al
HR, B0 o R BRI A 8] 5.

Z 4 NabsS BRI BN PE 1 [ A R B £
B, BISRURIshtE 2 AMHIG. —Bokiul, 7EXTH
— P AL LA B (PR B M A, SSA KR
MEPERRGE, [FEPR RR T A B A AU 2, &
THEEE 13K, I S BRI MEAR 2 H. HR 113
KT BR300 1 B BHAE 3G s i s i ah ik, A
W R IL HR 1E— € 0 [l A XL 8l 14 () i 2 47 A
s ART—E B BE I 2 ki1 2 Al s 5| J14E
FH 3858 AT BEAR IR BN PE R UN BRERIR T 1, Koy
RIS E], B MERRAT o AR SCH R R S R
PRSI AL, R E SORE ( 9 Bl 1 AR 5 7 — e
FE bz 2R AR A2 e, R S SR SO B 0
FhFIRE AR S0 BRI PE S H R & SRt — P 50 )
St b, W4 R T 2 S0 R RS H -
B T2 -FORE i sh M I T o A B, DA 3R A
FE I R 2R O AR A R i 2 R Re b
R’tS%.

FBAR FAVEHFRARGEAEZFR

S 3k

[1] #f PEAGRECT=H7HRIKA [J]. PEAEHE
278, 2016, 24(17): 175.

[21 #®LHAFI, TkI7IE, Tk, S P 2GOR SR i O T
JEVERAL: By oK 5 0k M B M 95 3 1k 0 i 2 v 1)
MR AR B S VAR AL (0] P E A E, 2021,
46(7): 1636-1643.

[81 TR, 2%, BB, % ETHERBRE X IE
A2 e /N I A b (0], R E R RE, 2017,



¢EH 2023F2H $£54% B 3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3

° 797 ¢

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]
[12]

38(1): 91-96.
T, AR, T, % ETIRGUEREM OPLS-DA K
AR A E P LIRE 2 R AL A YRR (7], R ESE T
F4E, 2017, 23(14): 62-67.

FRR, skBE, B, 5 EFEIT RIS A IER
tse /N Z IR 53 BT IR K Ak HPLC Fa 8L EIBERT 7
[J]. ¥hE2Z4, 2019, 50(9): 2194-2200.

BRAR T, w4l 3T UPLC-ESI-HRMS™ IR 2H 25
ARAF R ZE 5 LA R EBALAG 2 o D98 [J]. 2,
2018, 49(10): 2328-2335.

WESE, B, W, % FHERE S AR R A
TEUE T EREd R R[] BRI L,
2021, 57(2): 97-102.

ZFIR%E, B2 B ok iem R RRE 1] RE
FriEELL, 2020(S1): 135-139.

TR, UK, N, S AR K LR SO
FERIH [J]. REZRE, 2016, 41(12): 2221-2227.
e, K, kR, % R TR R A i
WL ZEHMRAE Q) BOkDk S BR 22 & VR [0].
W E 252535, 2017, 42(6): 1037-1042.

PR 254 [S]. =#B. 2020: 509.

Raymond C R, Paul J S, Marian E Q. Handbook of
Pharmaceutical Excipients [M]. Sixth edition. London: the

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Pharmaceutical Press, 2009.

European Pharmacopeia. Dosage forms monographs [S].

2013.

sIEAG, EHER, 1HEE, 5 Pk iy gUshE

AR [J]. il sk, 2021, 40(1): 139-148.

e, 5, T A, 5 R TYERSURER R E

WUORLIR B o B — B PR 53k (0], th 2, 2022,

53(3): 712-719.

Wang J L. Multivariate Statistical Analysis [M]. Beijing:

Science Press, 2008: 312—355.

FhAa, RALAS, Rersh, S5 AR BITER 2 o0 o)

WrIVERAE [7]. 2452754k, 2012, 47(9): 1231-1236.

Fda, BALA, Hih, & P2 R s R AL T VAT

FC [J]. HEPZAE, 2012, 37(5): 589-593.

O’brien R M. A caution regarding rules of thumb for

variance inflation factors [J]. Qual Quant, 2007, 41(5):

673-690.

Boccard J, Rutledge D N. A consensus orthogonal partial

least squares discriminant analysis (OPLS-DA) strategy

for multiblock Omics data fusion [J]. Anal Chim Acta,

2013, 769: 30-39.

B, G, REL, SF MRS R I & AR

2GR R RLA [J]. HRZY, 2008, 30(6): 904-907.
[Tt Fralik]



