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Improvement on key tableting properties of alcoholic extract of Zingiberis
Rhizoma by surface engineering and pore forming
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Abstract: Objective To study the effect of combined co-processing of surface engineering, aggregating and pore forming on the key
tableting properties using alcoholic extract of Ganjiang (Zingiberis Rhizoma, ZR) as the research objects. Methods ZR engineering
composite powders with different proportions was prepared by spray drying with plasdone S-630 (PVP/VA) as surface engineering
agent and ammonium bicarbonate (NH4HCO3) as pore-forming agent. Powder properties (such as density, flowability, particle size,
porosity, compressibility) and tablet properties (including tensile strength, yield pressure, work and energy) were measured and
compared among the powders. Scanning electron microscopy (SEM) was applied to characterize the surface morphology of particles.
Results The porosity, tensile strength (TS), effective work (Esp) and energy (£2) of the composite or porous particles with
PVP/VA/NH4HCO; were superior to the parent powders of the ZR. Moreover, compared with composite particles with NH4HCO3 or
PVP/VA, the TS of tablets prepared by composite particles with NHsHCO3 and PVP/VA (7.0%, 14.0%, 21.0%) was further improved
(1)3.8—9.7,4.0—12.5, 4.2—13.7 times and (2) 1.5—2.1, 1.3—2.2, and 1.2—1.8 times, respectively. That is to say, these properties
of the porous composite particles with PVP/VA and NH4HCO3 showed further improvements. In addition, the addition of PVP/VA
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prolonged the disintegration time of tablets to some extent (9—14 min), whereas the pore forming effect of NH4HCOs3 could ameliorate

this problem to a certain extent. The SEM revealed the changes in the morphology of the engineering composite particles and the pores

on the surface of the porous particles. Conclusion Co-processing with PVP/VA and NH4HCO3 by spray drying could improve the

powder, tablet and tableting properties of ZR, which provides a feasible choice for improving the tableting properties of some traditional

Chinese medicine extract powders.

Key words: surface engineering; porous particles; alcoholic extract of Zingiberis Rhizoma; spray drying; tableting properties
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®1 FRTEHRFMEFHERMR (X+s,n=3)
Table 1 Fundamental properties of powders of various ZR particles (X £ s, n=3)
FEf 0/)  plgem)  pol(geem)  pul(grem)  ALBE/% CI HR FIKE% W%
47.8112.62 1.48940.002 0.324+0.007 0.769£0.006 78.301+0.46 57.91£0.72 2.38+0.04 5.50+0.08 1.55+0.01 2.26+0.20 82.6
46.811+1.65 1.42410.008 0.28310.002 0.601£0.016 80.194+0.26 53.28 £1.05 2.14£0.05 6.74+1.16 1.56%+0.01 2.69+0.16 78.9
47.1941.06 1.38420.005 0.235+0.001 0.457£0.006 83.49+0.09 48.67+0.88 1.95+0.03 7.80+0.86 2.53+1.02 3.31+0.36 79.6
48.2441.22 1.36120.008 0.188+0.002 0.350+£0.007 86.1710.18 46.15+0.46 1.861+0.02 8.55+1.40 1.68+0.29 3.28+0.59 78.1
52.84+0.84 1.491£0.005 0.218+0.003 0.436+0.006 83.41£0.17 50.09+0.24 2.00£0.01 6.74*1.16 1.56%+0.01 2.69+0.16 74.3
50.79+1.05 1.477£0.001 0.24140.003 0.469+0.010 83.66+0.23 48.53+0.95 1.94+0.04 6.44+0.14 1.79£0.09 2.57£0.18 71.2
52.84+0.84 1.458+0.003 0.23610.004 0.498+£0.009 83.78 £0.25 49.76+0.93 1.99+0.04 6.13+£0.04 1.78+0.05 2.394+0.20 67.3
53.40+0.47 1.398+0.006 0.21610.000 0.423+0.007 84.55+0.01 48.92+0.89 1.96+0.03 5.99+0.13 1.86+£0.06 2.29+0.06 70.9
I 5594+0.72 1.435£0.009 0.20540.005 0.42410.002 85.73£0.38 51.68+1.06 2.07£0.05 6.87£0.09 1.91£0.05 2.55+0.07 61.4
J 52.84%0.84 1.440%0.007 0.195+0.001 0.399£0.005 86.46+0.12 51.08+0.22 2.04£0.01 6.93+£0.05 1.82+0.05 2.03+0.33 65.1

A-TZERIYHE BN SO%IKIREA LN TZBEZTHA  C-IN 10.0%BRIR AR T2 5 T DI 15.0%5M 2 5 1T 228 55 T 15k
E-Jll 7.0% PVP/VA HIT-2W 5 T4F) - F-Il 14.0% PVP/VA T EBZTHAT - G-I 21.0% PVP/VA HIT2I 5 THEY  H-MI 10.0%BRER 8
H17.0% PVP/VA HIF2WEE THA 100 10.0%5RERZ 4R 14.0% PVP/VA FIT-2MESTHK I 10.0%BRER A5 H 21.0% PVP/VA M2
WIS TR, R4

A-alcoholic extract powder of of ZR  B-ZR spray dried powder with 5.0% NH4HCO3; C-ZR spray dried powder with 10.0% NH4sHCO;3; D-ZR spray
dried powder with 15.0% NH4HCO3; E-ZR spray dried powder with 7.0% PVP/VA F-ZR spray dried powder with 14.0% PVP/VA  G-ZR spray dried
powder with 21.0% PVP/VA H-ZR spray dried powder with 10.0% NH4HCOj3 and 7.0% PVP/VA  I-ZR spray dried powder with 10.0% NH4HCO3 and
14.0% PVP/VA  J-ZR spray dried with 10.0% NH4HCO; and 21.0% PVP/VA, table 4 is the same
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a-Jilty -1 21% PVP/VA B TR T2 c-IN 10% BRI BB 5 TR T2 8L d-In 21% PVP/VA A1 10% IR B TR
TR
a-parent powders of ZR  b-ZR spray dried powders with 21.0% PVP/VA  ¢-ZR spray dried powders with 10.0% NH4HCO;  d-ZR spray dried powders
with 10.0% NH4HCO3 and 21.0% PVP/VA

1 TETFTEMEH SEM B (EF# 5000X, A; {53120 000X, B)
Fig.1 SEM photomicrographs of various ZR powders (magnification 5000 x, A; magnification 20 000 x, B)

M PVP/IVA 5TZEMWE G, FEMEKSFLRE
BEBH N, FEPAE T IE RSO .

MR 1A, AT, IR S
PVP/VA B - FHIREM I TZILWE ik, HRift
F CLEHRE A Bt , (Hish i, X F 2
SZ BRI 5 TR WS FLAE /N AR IR R AR
NGB IR R RIS 2R, SRR,
Fiah, BFRAR/AN, R 1R AR IR AR A 2 A 3R
TR KRR, SERBhERER =, EHE AR
(15 & A E— SRR FE M Uk 13 i)

34 [EERME

FAI TS FEEFREBAEEEZEMERE, TS
B, RIAVIEHE SR R 2020, MR 2. 3 IR
W, AR AN TS B TIREZ, HpE
E IR AN/ PVP/VA FHERIN, TS B K.

e, SRR (1) BRREA L%
HRFFIR TS H—ERERA, HARE (1.0~24
f5), BHHERINE 15%K, KA SRS HIER
PG, IXATREA TR R 1) LR R A B S
Z 222, (2) PVP/VA (7.0%-. 14.0%. 21.0%)
LW R0 TS 43 AR E S T 1.7~8.4.7.0~
12.6. 7.5~23.8 %, X2, (EMiS LA
o, PVP/VA AW 6, 2 BRI 72 K 3 T B A 8, A
YRR TH e N BBV U T PVP/VA, 1l PVP/
VA WYL RR S5, AR I R 4 Y 4 23)

(1.

HIR, 10%0 R S -5 AN [F] E A5 PVP/VACT.0%-
14.0%- 21.0%) Z5&HFEmE55 24 7] TS #2758 N
B3E: (1D 5 10%KREE L Z A FIML, TS
B A T 3.8~9.7. 4.0~12.5 f1 42~13.7 f;
(2) 5AEEHII PVP/VA (7.0%. 14.0%- 21.0%)
JEmE AL, TS #E—BE T 1.5~2.1.
1.3~2.2. 1.2~1.8 5. X2 K AR E R i
HIFEAWIE R, EPDRIERTH AN N NS —
MIFLERE (B 1, X SerLBR AR 3 0 = Fr i A2 ook 7
[ RRL PN A 45 A s A4l & TR AT 3G K 7R &5
H AR, Rk, ZFHPEAIE RS mVE R AR T
fih B — b FEAH

5 Esp RAEM ARG 2 T A mp
WORAR R AT AR, FAERO, TR IR
BRI A g, B TS HOKRS), fEAHF
Fd, HFR 2. 3 A EH, Ey M TS H4G &M F A
thia%s . BITEARIE 1R, Bra s 4 5 71 Eg (E
B TR R RIR A E Bl PVP/VA & (13
ITHE K. dhAh, 10%0k IR 4 5 AN [F L 7] PVP/VA
SEE I B (ERFNT B ) 5 — b B2 3 — 2D 14,
XRHAEZMINER T R FIMA IR, 2
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*2 AETEXMEESHFHRESRFIBMKEE (X£s,n=3)

Table 2 Tensile strength of tablets prepared by various ZR engineering composite particles (X £ s, n =3)

HE WEE  EJIKN  TS/MPa HE RALH  EJIKN  TS/MPa
FLEHRYME- 10010 4.4 0.14£0.020 79 121 3.2 0.9610.01
ek 6.0 0.3810.01 4.4 1.8240.02
9.0 0.9240.02 6.0 3.22+0.02
95:5 4.4 0.13+0.03 | TEEEEYHE-PVP/ 8317110 3.2 1.16£0.05
6.0 0.41£0.02 VA-BRIR 5% 4.4 2.5240.02
9.0 0.8340.01 6.0 3.60£0.03
90 : 10 4.4 0.3140.02 76 114110 32 1.5040.04
6.0 0.96+0.04 4.4 2.7740.02
9.0 1.3540.01 6.0 3.81£0.01
FLEHRYMAR- 9317 3.2 0.67+0.05 69:21:10 32 1.64+0.04
PVP/VA 4.4 1.2240.02 4.4 3.2140.02
6.0 2.4740.01 6.0 4.0140.03

86 : 14 32 0.69+0.02

4.4 1.7740.03

6.0 3.03£0.02

®3 TRITZXNMESKRFHRES TR Ep FEIMEEE (X£s,n=3)

Table 3 Esp and disintegration time of tablets prepared by various ZR engineering composite particles (X £ s, n=23)

A4 BALH] JESI/KN  E/MPa I [8]/min R RALH JEH/AN  Eg/MPa  Hf#I [E]/min
TEERDBE- 10000 30 6591002 7.6710.04 79 121 30 12.7740.06 14.00£0.03
TR FR S 6.0 12.90%0.03 6.0 25.20%0.02

9.0  20.4940.04 9.0  34.0940.01
95:5 30 8.7310.04 7.83+0.03 [TEEHRYKIR-PVP/ 83:7:10 3.0 15671004 8.50+0.03
6.0 16.5310.02 VA-TRIR S 6.0 31.0840.05

9.0 26.79%0.01

90:10 3.0 1521+0.04 8.3340.02
6.0 23.26%0.02
9.0 34.40%0.01

TRERMER- 9317 3.0 10.15£0.04 9.00£0.05
PVP/VA 6.0 21.8940.03

9.0 31.70%0.01

86 : 14 3.0 11.31£0.04 11.17£0.02
6.0 23.7410.02
9.0 33.5040.02

9.0 40.51%0.03

7601410 3.0 15.40£0.02 10.50£0.02
6.0 30.8940.04
9.0 41.48%0.01

69:21:10 3.0 17.95+£0.04 17.00£0.06
6.0 32.96%0.02
9.0 40.8510.01

B, ge ikl &R TS st KOs fishs 1a]
(IR0, 7% PVP/VA 5 10%8% BR S 43k 4T L5 55 4b
R BRI
3.5 JEBRIEFN Heckel BAZ

Heckel J7 P2 IA @M AT R 4a it FE b, AHXE
BESE R R KRR, EIE— R 1T
26271 L iy 2 2 1 S 23 R 480 B i R

(P, RWLPZVIRHME—E R NHRAE T L5k
71, FAEMUN, AR TBRGE . TEATE ST, Heckel
£ 20~90 MPa F:A R RIFL ISR, HAH
KAEHIITE 0.999 BLE, BRI Heckel fizkEA
SAUER, HAKILE 2, JFR R R T Py W
R4, HERATEH, TEBZHSMERT Py E
PE ol FR T ER R . b, BREAR S PVP/
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31 % 5.0%E IR
0 10.0% A RS
| ©7.0% PVP/VA o
+ 14.0% PVP/VA g g
- 21.0% PVP/VA K
_ 5| © 7.0% PVP/VA+10.0%HUER A k% o 3l
A 7| % 14.0% PVP/VA+10.0% B A gy s>
D 21.0% PVP/VA+10.0%EBEH o8 & ©
s csgiet
K g ¥ * o B é & -
1 g %X A g g B BE S
F % = 3
%B
|
ol ] . J . . [
0 20 40 60 80 100 120
P,/MPa

2 TETFERFFESI 7 Heckel BhZkE
Fig. 2 Heckel curve profiles of tablets compressed with

various ZR particles

VA 458 H M orER 7 LT A B — A B A AR
Py 18, JBE% PVP/VA FERIIEIN, Py EZH K.
IRPETAR RE 158, LA RS TS #H—E.
3.6 MEBERTIESHSH

T4 0GSRR8 R
JEA SRR ThEESS R PL. CR fil FES 2541 .
PL #R ¥ Stamm 1 Mathis & 15 (1775 0H5, T3
YR S AT AR 2 (8] O RS, S AR
FriH FER g & BRI T R 4 MR M5 1 PLAE
LT B Z MR () T R4 EHOA AT I
o FEARWT N, TR PLEL) 92%, {Em]
5 4 3 R A 4 50 N AS [ L A3 K TR A e B
PVP/VA J&, PLAEIEZERM (93.6~98.0%), 4
ZHILFEMANG, PL S —2n (>98%), H

®4 TRTENTFEFIETHEESHMNERSE (X+s,n=3)

Table 4 Energetic parameters of compression and tableting parameters of various ZR particles (X = s, n =3)

FEf CR/% Py/MPa FES/% E/] Exf] E3/] PL/% EF/N UDWE/N
A 2858+0.02 112.09+2.15 7.36%0.01 1.00£0.03 3.2240.06 0.2740.09 923423 13851+0.03 1.38+0.03
B 293640.02 113.78+825 7.28+0.52 1.11+0.06 4.1240.12 0.28+0.05 93.6+1.0 143.88+2.78 1.70+0.03
C  293640.07 79.40+1.16 6.62+0.31 2.05+0.19 5.80+0.06 0.16+0.03 97.3+0.5 149.34+3.80 1.78+0.07
E 28684002 7997+3.15 6.354+0.11 3.074+0.18 545+0.13 0.110.04 98.0+0.7 11930+1.71 1.3840.05
F  2867+0.03 76.15+1.59 6.544+0.10 3.374+0.10 591+0.19 0.16+0.05 97.4+0.7 138.67+8.64 1.4140.05
G 28841006 73.40+2.49 6.68+038 3.66+0.11 62240.09 0.15+0.05 97.74+0.7 12321+1.71 1.44+0.03
H 28.16+0.02 6441+3.76 6.41+028 3.88+0.11 7.7240.11 0.1040.12 98.7+1.5 131.67+10.32 1.84+0.05

63.26+3.31 6.4310.37 3.837+0.24
5478 +1.63 6.781£0.33 4.76+0.24

I 28.32+0.05
I 27.92%40.05

7.651£0.26 0.11+0.04 98.6+0.5 123.25+12.13 1.68+0.14
8.15+0.12 0.15£0.06 98.2%0.7 139.161+8.34

1.90£0.05

CR-FE#it  PJEfRE  FES-PRMFAMES IR E\-BEEEY) E-FU/AMY)  E-fRE4EERRTHURDIMEE  PL-AT2 1 EF-tH /) UDWF-

brbiEE Sy R MPRALTTH B LR 1 TERE

CR-compaction ratio  Py-compaction pressure FES-fast elastic stretch Ej-energy consumed for friction Ej-energy retained during unloading Es-

energy loss during unloading PL-plasticity EF-ejection force UDWF-upper die wall force “*” the material formulations are shown in the notes in

table 1
B TS, Eo M E, CHRID M8, /) E,
Bk, PLEBRK.

FEEY) (E) RAEYPRME i 72 A = Az ) BE
B8, KRR E N RE SR T R E AR . Kb
FRRE K. STEERMHEL, Sdmi% b
PERL T E) BERR R E 4% . PVP/VA B —# IR SR
G, XAl REAE B T I YA R A
SR, R R SEIE AR R 5 R IR - I
Gh, BERFIIRR 289 M Bt 240,
Blt, BERTFIERGE B A 2 K AN E A, 1X
i = AR R I RE R Ere MR, R AR R
KA R, HRAEBREAR /. FHit, 5k
KA GG, AT, M FECEHE

I FEM BRI,

i F 77 Cejection force, EF) FAE F 71 M A 4
HAE S FEEENS), CR O RAE M) AE — 58 K 1 MYk
RN EIRE ST, B CREBE/N, PR R 4 P ek
G2, Pkt R (FES) RAEYEME M & 4
FEAR Al m s S I . 24 FES fEBOR, 3k 5
Re TR, UL AR AR s H o, ARIT 7l
(R

M3 4 g, TR ERSERTE R EF. CR
AR, 1M FES BF T, 5 £ SRR
% . A5 W 55 Ak BE | 45 1 2 SR
T-RE 08 W3 BRI 4 R AT AN 22 5| i A
AR
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W 2B ER AR U 77 5 SO L e e s 55 3 Ak
PR R AR, RS R AT T oA
SRR CGRIIERS . RifR. Wishte) AR A &7l
PERT (TS, 45240, DIAIRE) HIbbis. 53K,
MR AR R PR R4 B ) J7 T 38
ERT Ry, Horp, SGERR RN BN BT 530
Je T2 5IRIREE 1 PVP/VA L 44 (10.0%+
21.0% > 10.0% + 14.0% > 10.0% + 7.0%) . T35
PVP/VA R A (21.0%>14.0%>7.0%) T2
SRk S8 E AR (10.0%>5.0%). XEHEN
PVP/VA ARG W¥EVEILARRE o5k, 3G T A7)
TV B 200 AT BS OK 7 790 ) TS, T s B B S B 11
A — DB E SR 1) A . X 2
IR A (5 B LAE FH R 388 XORE 1 B R i
R, AT S8 Ky B b A RRL - [B] 255 70« DRI,
AR R ) B A A AL T A R — b B
SR, E T W8 55 TR AR e ME AL/, BRI T 3
AEFRA FRIRLAR  RLAR /N TSR 1] 7= AR IR B
B A 1S BT I S . Ak, AR [E]
£l PVP/VA M FTIE K, B R S B M B0 FLAE
FREETE — @R BT AT o

gGib, BESREERENTEERDS
PVP/VA Fli IR S b — b A7 mt 55 SLAb B A B B 3
CRE T 22 SR O AR 22 1 SRR I e Je R AP IR, 31X
el — e 2GR B B R A AR AL T — AT
AT B0
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