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Optimization on direct powder compression of maca powder

technology based on response surface method
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Abstract: Appropriate excipients were selected for direct compression
process of maca tablets according to the powder properties. The in-
fluence of different excipients and water content was investigated
based on single factor test with tablet weight variation, friability,
hardness and disintegration time as comprehensive scores. Regression
equation was established to figure out the optimalsolution. The result
shows that, magnesium stearate microcrystalline cellulose SH102
and lactose content were selected as suitable excipients. The best pre-
scription and technology of the direct powder compression technology
of maca powder was obtained as follows: Water content of 7.76 %,
magnesium stearate content of 0.85% ., microcrystalline cellulose
content of 12.34% , lactose content of 8.34%. The technology of the
direct powder compression can be applied in maca tablets production.
This research provides a reference for the establishment of forming
technique and control of production processing.
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(1) K355 s 00 5 00 < R 35 ks /K 3 5 3 0k 5%,
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The scanning electron microscopy image of
maca powder (X1 200)

Figure 1
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Table 2 Powder properties of excipients

Table 1 The basic components content of maca %
Koy i HEH HLAR 7 SR A e K4y
3.36+0.17 17.474+0.22 0.89£0.09 19.20+0.26 4.90+0.13

- Ko & Rk Hausner Carr's
e /% £/ oAl TRE/
WA 4E R SH101 3.67 37.5 1.33 24.79
WA 4E R SH102 4.50 32.5 1.20 16.90
MRS DE20 6.14 38.5 1.24 19.52
WAL TER YI-H 6.55 31.0 1.18 15.35
o 3 L 5.13 41.0 1.35 25.90
HEFL 4.20 31.1 1.06 6.00
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Figure 2 Effects of moisture contents on tablets quality evaluation indexs
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Figure 3

Effects of magnesium stearate dosage on tablet quality evaluation indexs
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Figure 4 Effects of lactose dosage on tablets quality evaluation indexs
< 457 0.301
\E 32: 0.25¢ 0'284\\/‘\
g S
B: ' 3.0f M\%o.zof 0.248 0.235
@ Z 25t =2 0,150 0-214 0.194
% 2.01 ==
.- = =
SR E0.10F
Z Lo 0.05-
= 0.5f o
0.0 s s s s s ‘ 0.00 ‘ ‘ ‘ ‘ ‘
0 4 8 12 16 ZQ 24 4 8 12 16 ZQ 24
W 45 & T AR 4 5
Microcrystalline cellulose dosages/% Microcrystalline cellulose dosages/%
. (a) FrA2S 200 (b) IR
=}
E 25¢ 60 68.6
3 so- 58.8
= .E 0l 229 z 50 54.6
Az E z 48.6 49.3
EE sl o £ 407
% E < 300
¥ 10 =
.; log 119 112 121 20F
é 5 10F
0 L L L L L 1 0 L L L L L J
0 4 8 12 16 20 24 0 4 8 12 16 20 24
T AR 4 3R T TR ET 4 R e
Microcrystalline cellulose dosages/% Microcrystalline cellulose dosages/%
(c) Jiifiit el (d) B
5 i 4E SHI02 BE xR AR 2N I8AFGFHw
Figure 5 Effects of microcrystalline cellulose SH102 dosages on tablet quality evaluation indexs

172



E33EFEZH

W Je A5 i R TR TR A0 A 3 U A2 b B S R IR BT

20 Vo bt WE A B 1l 0.284 00 T RS 0.194% . FEM B EF R
s 4 20 R, 5 30 A ) A A, 32 A JRURE B R A B M AN
S F 1 e T AE ISR 896 B LA LB B A B IR 46 4 = 10~
12 min, B0 A A0 2T 4k 26 Bh B3 it 1tk O 15 80 4 B0 5 Bk o 2 4
Gt 80 Bt i A Rl R TR AR, B 5 (D) R, B R K
FRETHE R VRN A O R RN, 5 LRI 12 %00 1
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2.3.1 MR AL SR Design Expert J4F#ET 4 R
3 7K 7 TR T e 3 AL L 3k 27 A1 I3 3.
2.3.2 BARLELS ST RIBZARARINALEE G G 0 J5 AT
PEA RERERE Y A R Y MR Y, R AR Y T
¥ Ak . 43 BIC MK AL IS Fe bR N BE Y, 7, i f S 1) Y, B R
Yy A EZESR Y R T T AR AR B R AE A R
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Response surface design of Box-Benhnken
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Table 3

K

VAR =R NI B 7d (0B a1 131 B N (= R s a6 R 7 = X 24
/M BITE R A0 AR A R R AN R 2 S DA Ak T R
MY =Yoo =Y ) = Ve — Yoin) o B [ 25 HL ) K 35 5 T8
B AR IR AE 7 S5 R T Yoo (H 50 NV Yo fH N
30 N, B X F 8 B /hF 30 N 4L, 0 Y, g b o, 5 & K F
50 N 4L MY, e 1s ik e 18] 9 Y 32 754 30 min; e
FEM) Y e B 1265 B 225200 Y s B Y i 4 SE T E 1 B K
B /IMEL . 5 BLAS 165 25 48 B8 K LA AR 8] 00 i A 3R 41, 3308
0.25 LGP AR N Y=0.25X (Y, " +Y,” +Y, +Y, ),
2.3.3  WANLTAE R AT R R i 4R AR A G K R A TE A
SR 4. LUY (R B AE . R ] Design Expert 3£, 3k
F Box-Benhnken #1771 [ [ % 11 . X 2 3 £ 48 2817 181 19 43
Bi s I SR A, 75 5] A B.C.DXMZEAITAY - IkE
i 5[] 5
Y = 0.65 + 0.14A + 0.024B + 0. 054C + 0.033D —
0.008 464AB— 0. 024AC — 0. 026AD — 0. 004 934BC —
0.012BD—0.012CD —0.098A*—0.029B*—0.1C*—0.033D*,
(@D
BTy 22 A BT 45 R L3R 5. 25 4 P4 ) [l 9 48 1 P<<

ahk/ v WA/ RN/ R/ % 0.000 1,334 A 88 %1 B% 5 2 ; 25 135 P=0.100 2>>0.05, & i
-l 6.0 0-6 10-0 6.0 H UL D R . DA R B RY =0.957 6, E R
0 0 0-8 12.0 8.0 ¥ R =0.908 1, 358 B 5 B 7T £ 135 62 8 7T AT bt 00 4 6
! 8.0 10 0 10-0 AP HT AT &5 45 43 07 54T R AT LB LA LC
x4 MEEBERABURESTESER
Table 4 The results of normalized indexs and comprehensive score
REs A B C D Y, Y, Y; YooY Y Yy Yy Y
1 0 0 1 —1 45.99 20.1 0.810 1.63 0.800 0.458 0.442 0.428 0.532
2 1 0 0 —1 6841 331 0.68 0.70 1.000 0.000 0.730 0.822 0.638
3 —1 1 0 0 21.30 10.2 0.935 1.25 0.000 0.917 0.151 0.588 0.414
4 0 1 1 0 4859 24.9 0.714 1.81 0.930 0.236 0.665 0.352 0.546
5 1 0 1 0 70.35 36.8 0.684 0.58 1.000 0.000 0.735 0.873 0.652
6 1 0 0 1 70.50 38.1 0.722 0.58 1.000 0.000 0.647 0.873 0.630
7 0 —1 0 —1 41.54 13.5 0.791 1.72 0.577 0.764 0.486 0.390 0.554
8 —1 0 0 1 2558 13.5 0.838 1.26 0.000 0.764 0.377 0.584 0.431
9 —1 0 1 0 26.32 15.1 0.932 1.25 0.000  0.690 0.158 0.590 0.359
10 0 1 1 0 48.39 24.6 0748 1.06 0.920 0.250 0.586 0.668 0.606
11 0 1 -1 0 4073 185 0.749 1.84 0.537 0.532 0.584 0.339 0.498
12 0 0 0 0 44.09 16.9 0711 1.28 0.705 0.606 0.672 0.575 0.640
13 0 0 0 0 4494  16.3 0710 1.27 0747 0.634 0.674 0.582  0.659
14 —1 0 —1 0 17.14 18.7 1.120 1.65 0.000  0.523 0.000 0.419 0.236
15 0 1 0 1 47.79 219 0.714 1.16  0.890 0.375 0.665 0.626 0.639
16 0 0o —1 —1 37.08 15.1 0.853 2.40 0.354 0.690 0.342 0.102 0.372
17 0o —1 0 1 47.82 214 0.718 1.45 0.891 0.398 0.656 0.506 0.613
18 —1 0 0 —1 19.18 8.9 0.987 1.64 0.000  0.977 0.030 0.424 0.358
19 —1 —1 0 0 21.58 8.4 0.932 1.87 0.000 1.000 0.158 0.326 0.371
20 1 1 0 0 68.48 34.8 0704 0.55 1.000 0.000 0.688 0.886 0.643
21 0 0 1 1 50.68 25.2 0.688 1.35 1.000 0.222 0.726 0.547 0.624
22 1 -1 0 0 67.21 357 0.674 0.83 1.000 0.000 0.758 0.767 0.631
23 1 0 —1 0 62.08 36.0 0.728 0.62 1.000 0.000 0.633 0.856 0.622
24 0 0 —1 1 43.12 23.4 0.570 2.33 0.656  0.306 1.000 0.131 0.523
25 0 0 0 0 44.75 16.2 0.710 1.21 0.738 0.639 0.674 0.607 0.664
26 0 1 0 —1  41.31 13.7 0.792 1.0l 0.566 0.755 0.484 0.691 0.624
27 0o -1 —1 0 40.55 184  0.750  2.64 0.528 0.537 0.581 0.000 0.411
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D.A* .C* Yy P {EHI/NT 0.01, %45 A 1F 4 7Y 52 w35 AR o 3%
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43« B B9 52 MR 58 55 0T S A>C>D>B; RN T R 55 i
TEFRER G VR4 T 5 45 R 385 0 1 5 55 U O 7K 43 & 4 > 1
EATAER R > BRI S RIS .
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$70.708 05 Bk 43 & F Sk 7.65 %  BH NS FR B & & 0.85 %,
LU FE AR 12.34 % H R LB A 8.34 Yo I B R84
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RS BEAESWER

Table 5 Variance analysis for established regression model

P FA Al Lobiy F {8 PfH

[l 0.37 14 0.027 19.34  <€0.000 1
A 0.23 1 0.23 168.81  <C0.000 1
6.90E—03 1 6.88E—03 4.99 0.045 4
0.035 1 0.035 25.39 0.000 3
D 0.013 1 0.013 9.55 0.009 3
AB 3.00E—04 1 3.00E—04 0.22 0.649 7
AC  2.40E—03 1 2.37E—03 1.72 0.214 6
AD  2.70E—03 1 2.73E—03 1.98 0.185 1
BC  9.70E—05 1 9.73E—05 0.071 0.795 1
BD  5.60E—04 1 5.62E—04 0.41 0.535 5
CD  5.30E—04 1 5.30E—04 0.38 0.547 1
A? 5.30E—02 1 0.053 38.75 <£0.000 1
B? 4.50E—03 1 4.46E—03 3.23 0.097 6
C? 0.056 1 0.056 40.25  <C0.000 1
D2 5.80E—03 1 5.82E—03 4.22 0.062 5
Sz 0.017 12 138E—o03
A 0.016 10 1.62E—03 9.37 0.100 2
aiiR % 3.46E—04 2 1.73E—04
it 0.39 26
3 ik

(1) 38 ok B D 28 6 B ) o TR G A 35 & 78 H 35 Ik R
B R BB AR TS8O0 K oy 5 ik 7,650 BE IR R Bk & 4t
0.85% ot Al 4T 4 & & i 12,3400, T FLME & i 8.34 %05 i
A5 700 2 T G Vi 5 58 R 5 UL A LR L AR I D G A R R
HEZRIIT A A MR,

(2) X EGUN kY B TR v L2 9E 4T 1 ok - 3R W0 T 3 0l Ay
REHIER T ERA SR ATE, P8 T /3o & &
BL 7 .

(3) RFTFG Ry B42 R PR N T Y 5 5 - — 7 T AT A
J5U PR A T — T T AT R AT BC 5 IR L 53 A aE AT UM
W LSRR )y W AT 5 8 . AWFSE E 2L R R 5
AU At B B T R S 5 X T A A S R A LR
H R TR SR R R B R R R T2 AT
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