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Correlations between physical properties of raw materials and formability of
Panax notoginseng saponins pellets
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Key Laboratory of Modern Preparation of Traditional Chinese Medicine, Ministry of Education, Jiangxi University of Traditional
Chinese Medicine, Nanchang 330004, China

Abstract: Objective To investigate the correlations between raw material powders, wetting mass and the formability of Panax
notoginseng saponins (PNS) pellets. Methods PNS powder mixed with different proportions of microcrystalline cellulose (MCC),
lactose, and starch were made into the pellets by extrusion-spheronization. Particle size, span, density, compressibility, Hausner ratio,
specific surface area, pore volume, hygroscopicity, critical relative moisture, and angle of repose were used to evaluate the properties of
mixing powders. Liquid solid ratio, plasticity index, liquid point, plastic point, and consistence were used to evaluate the properties of
wetting mass. Feret diameter, aspect ratio, yield, density, and friability were used to evaluate the properties of the PNS Pellets. The
correlations between the raw materials and the formability of their pellets were analyzed by cluster analysis, principal component
analysis, and partial least squares regression analysis. Results The properties of PNS pellets had no direct correlation with the
properties of material powders; The liquid solid ratio, liquid points were positively correlated with the pore volume of powders and
were negatively correlated with density, diffusion rate, and span of material powders; The density of the pellets was positively
correlated with water content of wetting mass; The dissolution rate was positively correlated with PV and was negatively correlated
with the constant k,. Conclusion There are certain correlations between the formability of PNS Pellets and the physical properties of
raw materials.
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Table 1 Prescriptions of PNS and formability of their pellets

Gy MCC/% FLKE % TR % PNS/% U B B DL

PNS / / / 100.0 0.52 Tk

PM-1 90.0 / / 10.0 1.42 MknZ . FEE. B
PM-2 80.0 / / 20.0 0.87 Wk, DFEE, AR
PM-3 70.0 / / 30.0 0.71 > ANFHEE, AN %
PL-1 54.0 36.0 / 10.0 0.84 D ANFERE, B %
PL-2 51.0 34.0 / 15.0 0.69 D> AFEEE, A%
PL-3 48.0 32.0 / 20.0 0.62 Mk, AFEE, [
PL-4 45.0 30.0 / 25.0 0.31 Tk

PL-5 42.0 28.0 / 30.0 0.27 Tk

PS-1 54.0 / 36.0 10.0 0.77 Wb, DFhEE, [
PS-2 51.0 / 34.0 15.0 0.68 M. AFHEE, AR
PS-3 48.0 / 32.0 20.0 0.60 M. AFHEE, R
PS-4 45.0 / 30.0 25.0 0.45 T

PS-5 42.0 / 28.0 30.0 0.37 Tk
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P SRAB R, 5 U R SR 7+ T
(1) T E5AT Pl RO (BrAiR 20 Hz, & [EM
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T4 S5h i, Hif5.

2.3 FHKRMERAYNE

231 KR KRR WA AOE R, 06
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Table 2 Properties of powders (n = 3)

%5 @/(°) deo/um span CRH py/(grem ) p/(grem™) CI

HR WC/% PV/(mm*g ") SSA/(m*>¢) ¢ k k  hk Kk

PNS 559 307.2 3.344 0.768  0.340 0.611 0.444 1.80
PM-1 47.7 155.8 1.8550.727 0.344 0.522  0.341 1.52
PM-2 51.2 180.6 2.146 0.748  0.352 0.569 0.382 1.62
PM-3 51.4 168.2 2.082 0.757 0.352 0.573  0.386 1.63
PL-1 50.4 147.5 2.019 0.756  0.379 0.596 0.380 1.58
PL-2 51.1 1594 2.0650.759  0.407 0.662 0.3851.63
PL-3 49.2 151.2 2.150 0.767  0.387 0.607  0.363 1.57
PL-4 52.4 162.2 2.166 0.780  0.405 0.681  0.406 1.68
PL-5 52.0 169.4 2379 0.763 0.384 0.631 0.391 1.64
PS-1 53.4 144.7 2.533 0.744  0.423 0.649  0.348 1.54
PS-2 534 150.3 2.680 0.755 0.414 0.709  0.416 1.71
PS-3 55.6 151.0 2.680 0.756  0.417 0.677 0.384 1.62
PS-4 519 160.0 2.8750.756 0.416 0.705  0.410 1.70
PS-5 55.8 164.7 2.881 0.764  0.412 0.679  0.394 1.65

9.9 4.119 1.4222  0.010 0.915 31.620 0.044 0.047
6.6 4.825 1.0743  0.040 0.762 1.024 0.237 0.064
42 4.765 1.0291  0.248 0.760 0.239 0.326 0.086
7.6 4.186 1.2654  0.022 0.820 1.177 0.213 0.057
5.1 2.689 0.8772  0.032 0.809 1.537 0.283 0.063
3.0 2.736 0.7799  0.089 0.762 0.478 0.293 0.088
5.8 3.030 1.1156  2.194 0.913 1.413 0.330 0.071
2.9 3.246 1.0291  0.032 0.768 0.655 0.321 0.092
5.9 3.505 0.9983  0.873 0.938 0.874 0.351 0.077
7.7 3.344 0.5378 0.818 0.861 1.068 0.174 0.069
5.0 3.314 0.5716  0.041 0.746 0.251 0.262 0.076
7.9 3.331 0.5752  0.040 0.756 0.979 0.187 0.058
4.4 2.817 0.6796  0.060 0.738 0.322 0.299 0.087
7.6 0.863 0.4740  0.350 0.824 0.838 0.226 0.063
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Table 3 Properties of wetting mass (n = 3)
Yi Wi/% Wel% Ip/% Iy
PM-1 66.6 48.9 17.7 0.546
PM-2 65.0 41.4 23.6 0.218
PM-3 60.2 36.4 239 0.213
PL-1 55.8 38.8 17.0 0.366
PL-2 / / / /
PL-3 47.4 349 12.5 0.275
PS-1 58.6 38.9 19.7 0.229
PS-2 / / / /
PS-3 52.9 374 15.5 0.016

ChEZy ) 2010 4RI XIB XU 7347715
e 25508 EROLR IR (), THES TR A2
(Y, Y=wiw)o

PNS T W2 4, PNS SO FEZ A T
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B, HAALMAZAREE S AL R, 1
FURPREAR AT TE , PIAF R LA S I HRL,
TALIIRAR AT, ISR A . TOALIAS 2
A RE SO REAR AT %, ATOALRAR RN A
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252 THMAEEERTR/N K H Image-proplus 6.0
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PN ALBE R RN A F-PAT 2l M EE BS . L AR
I35 Feret RiA% 73 i EAEAMAL ) [ 2 2 FIR /N
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7 I 36 Wk, SAF !,
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Table 4 Yield of PNS Pellets prepared by different prescriptions

Y%

e 12 HL 12~14 H 14~18 H 18~24 H 24~28 H 28~32 H 32HF
PM-1 0.2 1.1 1.4 23.0 12.6 9.5 522
PM-2 0.1 0.6 1.3 66.3 33 1.3 27.1
PM-3 0.1 0.5 10.1 82.6 2.0 1.5 32
PL-1 0.0 0.5 3.8 45.9 11.5 10.3 27.9
PL-2 0.2 6.3 24.0 57.6 5.6 4.1 2.2
PL-3 0.1 7.6 41.5 46.0 0.7 34 0.7
PS-1 0.7 0.7 8.4 67.3 5.0 5.0 12.8
PS-2 0.2 0.2 0.6 91.3 3.0 1.2 34
PS-3 1.2 1.0 6.0 81.5 3.8 2.1 44
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Fig. 1 Size distribution of different PNS Pellets
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Fig. 2 Roundness of different PNS Pellets

Table 5 Density of different PNS Pellets (n = 3)

9T p/(gem™) G5 po/(gem)
MCC 0.897 PL-2 0.639
PM-1 0.707 PL-3 0.668
PM-2 0.587 S 0.826
PM-3 0.664 PS-1 0.722
L 0.827 PS-2 0.715
PL-1 0.716 PS-3 0.729

PNS A Fr W3 6. PNS fkL Fr #B%5/N, 24
PNS LB, L MCC F1 L JfliRl st Fr
BRGNS LLS Ak, fHAL Fr b
PNS b7 48 hnfy 8 A a#he . SR Fr vl 6 50 AZE
PERIZS AT OC, AR, 048 POp B 71 Lk
BiI7E—EJE A, oL FroB ks PV lE R, S5
PERCR EEUO A 2RI R, T g ALY
BRI, PRI Fr 42 FIOILIRR, Bl S L
BRSBTS T Fr 9870 .
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F&6 PNSHAE Fr(n=23)
Table 6 Friability of different PNS Pellets (n = 3)

PRI S ik i, THE RRAE R, DLERS
HOEEGHISH AR, Wi 3 . 43 SR Weibull,

G Fr/% ik Fr/% Ritger-Peppas R ATHALII% H ik, 450 3k
mcc 0.26 PL-2 0.25 7o @SR RIIAIFAL TS PNS GO HEEAAE RN
PM-1 0.83 PL-3 0.28 R,
PM-2 0.33 S 0.18 e
PM-3 0.48 PS-1 0.42
L 0.13 PS-2 0.38 807 e
PL-1 0.82 PS-3 0.51 § 60 — PM-2
- + o
255 TABHE B PNS AL 0.5 g» DIASRE & 407 = PL2
1 Rb, Wfibs, KA HPLC Ml (it a .
W44 Kromasil 100-5 C g #£ (250 mm X 4.6 mm, 5 . PS2
um), VAR SE-7K, B EEBEME 4% : 0~20 min, A Ps'féo 3o
10%~50% i, 14 25 °C, ALl K 4 203 nm. t/min
el CrPEZ ) 2010 SRR —HBF % XC 26 =%, 3 RELL PNS EOL A this
PL 250 mL 28 ACh W A BT, WS 37 °C, e Fig. 3 Dissolution curves of PNS Pellets in different

4 50 t/min, 35T 0. 10, 20+ 40. 60. 80. 120 min

x7 BHRBNESY
Table 7 Fitting values of parameters of dissolution models

prescriptions

-~ Weibull B 24 Ritger-Peppas F 7 24

o g to/min T'so/min Tgo/min k n to/min
PM-1 2.054 0.462 5.1 7.3 18.0 69.1 0.080 9.6
PM-2 1.637 0.541 6.7 8.0 12.7 83.9 0.042 10.0
PM-3 2.772 0.454 7.4 11.6 34.4 51.9 0.131 9.8
PL-1 2.513 0.523 0.0 2.7 13.0 72.9 0.072 8.4
PL-2 5.734 0.605 0.0 9.7 39.2 41.7 0.183 7.0
PL-3 3.242 0.500 0.0 7.7 24.0 61.2 0.103 9.2
PS-1 1.603 0.313 8.9 10.3 29.4 59.9 0.096 9.9
PS-2 1.684 0.317 9.2 10.8 324 58.3 0.100 10.0
PS-3 1.581 0.324 8.8 10.1 26.1 62.3 0.091 9.9

Ttk LL ) 4k 228 PNS VRS 8 20 h 4 2% PNS 51
TR AR A ANFIZE, SRR AP RE ) PNS A8

2.6 MXMESH
KH SPSS 19.0 G il 3 A iR A0 vk ot J ik

FME AT R I I PCA, K] SIMCA-P 11.5
BAF PLSR HEATARSCE ML,

2.6.1 BB BB MEE L 2
[ RSRARRE, LUBR KRB IITE, KAL) %Y
ZEGE—il, HIRE A, BENBKENS
IR —Ff 2 7085t #5235l Ll )
PR A 2 TSR R R SR i, SR A R
PRSI, B 2 NFEATE ] Average linkage 75145,
SR WK 4. PNSIRARAI73h 2 28, PNS HUlh
125, HREAWMA 1 URBEE R S, ]

A 2 AN RIS, SR ADRL AT LUBH S 20 PNS (1)
PEGT. 4EREPE B 10 I, PNS MALTT 234 5 25,
CL L ik, &2Ei ) PL-2. PL-3 552
KK PL-1 7 AR BL S A%k, &2
N PS-2. PS-3 5EEEALH PS-1 744
[[2%; LA MCC $liRl, 3 Bl 25810 PNS kst
S NANFIZE . IR BN 5 R4k k) L g ik
B ards, RUIANRIME I PNS JRAH A, mT LA
2 AR AR

2.6.2 PCA PCA ) Z HTSssids gt oo,
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Fig. 4 Dendrogram of cluster analysis

Wid PCA WAk HAA — @ A OCPE AL S F 4
B AUEN N E ARG R LA GRA A, A S
A BE 2 4 s e Sk AR B 4 R 20 S PNS ksl
KA AP HEAT PCA, PNS YA KA B FL b 1)
PFRE — T (PCD, LB Z Tk R o 5 h
99.2%- 98.8%, MFHRIUE )4 o HEAT i AH 5% O3
BT o MRS 3R i 1) 3 B 43 27 43 1) L% 8 T 9,
2.6.3 PLSR PNS AL i 5 Hokn A ok 14 o 1)
TR B AH DG R K514 0.620 84 0.905 3, bt

R 8 MMRMERRAYER S HET

Table 8 Loading of principal components of powders

DINESET PCI IREN G PCl1
7 0.42 wC 0.50
dyo 1.00 PV 0.27
span 0.59 SSA 0.59
CRH 0.28 c —-0.19
Db —0.55 k 0.41
D -0.17 ky 0.97
CI 0.64 ka —0.65
HR 0.69 ks —0.44

x99 HMMEREYER S BT
Table 9 Loading of principal component of wetting mass
BHMPEBT PCL | BMPEt  PCL | BMIEST  PCL
LSR 0.42 Wp 0.99 Iy 0.71
/4% 1.00 Ip 0.95

E5 R AR 5 3 A3 TR B AR OC R ALK 0.494 8, W H]
#237 PLSR #7028 EPRE R, o SRk
Z ARG SR B [RS8 s BRM ) LSRY Wi I
Wo o SR AARPE 5T 0 BB AE L KT 5, spans pis
PV, k¥ B EE R 3 o AL py 53K
MR BT ) BT RF S A BE 225K, H LSRR Wi Wp.
I 1) VIP (A2 SR DR AR B I IR AR ) > 1,
ST P T R A R R . AR I IR U AR A
210, 11,

FHZR 10 7] %01, PNS A1 LSR. Wis Wps Ips
L 58EM PV RIEAHR, 5 span. pn kK AR
Tl PNS KA, 7K 52 1 568 AR AR P PR
MARESEIESS G I ER, oK R EEig iy, ki
IR FEIH 7K 3 T ke 2 A A AR E L, DRt
- () PRI 7K 53 A2 AL B 1) OG5 . CRHL FRI9EL 6 4L

#10 PNS REMIKSE4F89 PLSR &%

Table 10 Coefficients of PNS mixed powders and wetting mass by partial least squares regressions

WM 9 doy span CRH Db Py CI

HR  WC

PV SSA ¢ koo kK

LSR —0.126 —0.086 —0.130 —0.149 —0.075 —0.136 —0.102 —0.106 —0.082 0.134 0.060 —0.073 —0.140 —0.012 —0.063 0.045
w, —0.111 —0.058 —0.120 —0.142 —0.073 —0.127 —0.088 —0.088 —0.081 0.143 0.057 —0.100 —0.152 —0.052 —0.076 0.055
W —0.117 —0.087 —0.114 —0.149 —0.057 —0.119 —0.106 —0.110 —0.073 0.126 0.039 —0.081 —0.153 —0.023 —0.080 0.050
I  —0.066 0.021 —0.100 —0.088 —0.086 —0.107 —0.024 —0.018 —0.075 0.138 0.080 —0.112 —0.107 —0.100 —0.048 0.049
I, —0.184 —0.089 —0.184 —0.130 —0.081 —0.158 —0.110 —0.120 —0.117 0.107 0.094 —0.031 —0.084 0.019 —0.002 0.068
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F11 PNS A 5%# PLSR R
Table 11 Coefficients of PNS Pellets and wetting mass by
partial least squares regressions
ok

LSR /43 Wp Ip I
0.170 0.127 0.157 0.031 0.140

k 8O, XK TRSR RN ks, P K 43 1R e T
UK, PBIUCEHAI LSR M. ¥ Ak, PNS
TRAIEINT doo XA TCHEM, W] R BT PRI
1 T EORLAR R A AR A, A RO R R P AN

11 AI%0, PNS TR pp 58 LSR,
Wis Wes L RIEMDG, 5 L AR/, PNS 14
Hpy HHAM WC RIEA, 5 WC TS A MR,
A RE BT K 2 A F AR R 7 I AH EORG &5, T

P S5 TE RSB ATy, DRI TR 1) 2 Bt ol /N 5 B0 AL )
po R,

PNS TCAL B R 2R 55 P A A4 S Ie AR o
Al fiEAE T PNS WA 2 3§ f, /KM 5, #
AR JFUR AR I TE I T R R g, L
S R0 A 0 ) oy A P JBOR TICAL 1) 5 )

DL Weibull B8 3 H I REESHL o I 0 FF
HWEFF BT TR) Tson Tgo M Ritger-Peppas F  [FI RS 4R
Bon AR E, B ARTEBCH HAR R, KM PLSR &
I HORARYE T SO A G, 45 R WK 12,
WEZHL a1 W AR FT G 2EK, Fy A4 5T span.
ky CEZAEBE/]S, R AR K 204 ke ) 4
TRER: PV. SSA NKEER: dog WIREIE.

T A DGR 45 R W, PNS SRR

Fz 12 PLSR EVEAERHK

Table 12 Partial regression coefficients

W dog span PV SSA c k ky k, ks
a 0.042 —0.260 —0.261 0.118 0.057 0.046 —0.009 0.232 0.247
o 0.041 0.306 0.211 ~0.172 ~0.159 —0.149 —0.175 —0.308 -0.113
B n<0.43, JEYHGHIHLE, FN o FEADNUY] SE30w

o HH T AR AR S AR AR O R TR B N ML N
fiff MCC KM, TERHAZRYHUZ, Bl
J Ay IR AR T iy U= B A B, Rk
AT EOL, T RS IR AR A R Ty T ] R T
Rby AR T /K, 55— 5 T W BRI AL e )
MCC B AT Z LM SOKAENE, KrZiB AN,
3 it

AWFFTH 82 T ANFIAL T PNS A3k AL R e 28
KRR R M PR R, et oA,
TR R L 1 5 A ) O T — e PR A DR 1k
PNS THALIK pp SEM I WC RIEAHK, 5 1 AHK
PERUN, MHERM I WC 58K PV 2IEHE, 5
AR . b RHOM5C. hAh, PNS ARk 2
EIOLI BB AR DGR N o SO IS AT 54 k)
PEFAL A — @ A, WRTEL I NS 217 Rb,
DI BLHIA RS PV RIEAG: W
I ey S AR DG

ANTR] 2B B ] — b 25 R AN TR) T 254
IS 22 S R, RHORL IR e 2R 5
Ko Ak, FGFIBIRE, H A28 LY
PRI A — e R, BRSO R, X
LB R PR 3L R E— P 82
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