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Box - Behnken I E ;XL ZEEERMHEZTITE’
FEIE, A, it

(KM HEARZER, #8E &AM 425100)

WE:BH KARLEFERBDUHDALIL AR ELREZRABRAMLE AHMHER ARE HDAEMNGKE(RMFRHK)AF
REE, R E Dy Mk A Fe OD 18 A 3703547, £ 8 Box — Behnken v 5 & % & 3 S 3CF AR, 3t T ¥ AT h 4L, FF36E
HER YRR ERERRAGHERE SKE MK ETHRETEHHHERE 100 B ,2KF 4%~ 6%, 3K 0.4 cm, B 5 2 K IbiE
KE P, 3 PSR B AT R A 89.01%(RSD A 0.06%) , 3 4242 4 10. 64 pm(RSD % 0.92%) , F ¥4k 1k /4 4 39.16° (RSD
0.38%) .7 ik T MIF B BRKRDME EIE MRGHNEIEAZEEADPAHGEARET HE& T LRE,

KEF 2 FF MM ; Box — Behnken A B dr ik H1 & T 7

Optimization of Preparation Process of Epimedium brevicornu Ultrafine Powder by Box —

XEHS:1006 — 4931(2025)10 — 0056 — 06

Behnken Response Surface Methodology
YIN Swjuan,SUN Xingli,LUO Hang
(Yongzhou Vocational Technical College,Yongzhou,Hunan,China  425100)
On the basis of

single factor experiment, the particle size of medicineal materials, water content and the length of crusher shaft (vefered as shaft

Abstract: Objective To optimize the pulverization process of ultra fine powder of Epimedium brevicornu. Methods
length) were used as the investigation factors, and the crushing yield, D,,, angle of repose and OD value were used as the
evaluation indexes. The Box — Behnken response surface methodology and establishment of digital model were used. The process
conditions were optimized. Results The strength of influencing factors were particle size of medicine materials, water content and
shaft length, respectively. The suitable crushing process was as follows:the particle size of medicinal materials was 100 meshes, the
water content was 4% - 6%, the shaft length was 0.4 cm, and the powder crushed twice. In the verification test, the average
crushing yield of the three batches of samples was 89.01% (RSD = 0.06%) ,the average particle size was 10.64 wm (RSD =
0.92%) ,and the average angle of repose was 39.16 “(RSD = 0.38%). The repeatability was good and the particle size was stable.

Conclusion The obtained preparation process in this study provides a methodological basis for the application of epimedii folium

whole traditional Chinese medicine powder.

Key words: Epimedium brevicornu;ultrafine powder;Box — Behnken response surface methodology;preparation process
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Fig.1 Single factor test
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Tab.1 Factors and levels

K HEACH) B % B(%) B # C(cm)
-1 60 5 0.2

0 80 7 0.4

1 100 9 0.6

®2 MMEREIRITRER

Tab.2 Design and results of response surface test

HE WEAE D, KA

[ e P S O
1 -1 -1 0 83.35 11.05 41.61 0. 56
2 1 -1 0 89. 85 12.31 40.89 0.75
3 -1 1 0 82.32 13.56 39.45 0
4 1 1 0 88. 32 11.88 41.26 0.59
5 -1 0 -1 85.01 10.85 40.17 0.47
6 1 0 -1 89. 65 11.51 40.54 0.74
7 -1 0 1 84. 49 14.11 40.68 0.42
8 1 0 1 91. 65 12.51 42.77 0.74
9 0 -1 -1 87.11 10.34 41.61 0.92

10 0 1 -1 86. 64 10. 60 41.26 0.51
11 0 -1 1 88. 11 10.34 44.50 0.92
12 0 1 1 87. 64 13.60 42.34 0.61
13 0 0 1 87. 31 12.28 40.27 0.82
14 0 0 1 87.56 12.92 39.14 0.79
15 0 0 1 88. 16 12.22  40.59 0.74
16 0 0 1 87. 14 12.75 39.96 0.78
17 0 0 1 87.58 12.68 40.06 0.85
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D725 M (WL 3) , [l A J7 R 0 A A A 50 301, #5380 F =
65.74,P < 0.000 1,3 B g 5 80 [ 47 U0 F =
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Tab.3 Results of variance analysis of crushing yield

wERR  BEFIA BWE  ¥F  FA P&
AR 86. 38 9 9.6 65.74  <0.0001
A 73.81 1 73.81 505.61 <0.0001
B 1.53 1 1.53  10.49 0.0143
C 1.51 1 .51 10.37 0.014 6
AB 0. 06 1 0. 06 0.43 0.5338
AC 1.59 1 1.59  10.88 0.0132
BC 0 1 0 0 1
A? 1.68 1 1.68  11.54 0.0115
B 3.86 1 3.86  26.44 0.001 3
c 2.58 1 2.58  17.66 0.004 0
&£ 1.02 7 0.15
PO 0.42 3 0.14 0.94 0.499 4
IRiz 2 0. 60 4 0.15
BRIt 87.40 16

Az H o 0% Bk B ookt /% AKiE /T H
G, D,
P "
B: 5Kk /% Y,/ B4kt /% v,

70 80 90 100
AKifE /B

Akife /B
C, D

2
C,,C, Bafafn &K ZW L AAFA

SO A 8% D,,D,. K FARIEM X E AR A 0D 8 %
B2 &3545%ET = E 16 R RN S R A

A, A,. Effects of interaction between shaft length and particle size on crushing yield B,,B,. Effects of interaction between shaft length and moisture

content on Dy, C,,C,. Effects of interaction between moisture content and shaft length on angle of repose D ,D,. Effects of interaction between

moisture content and particle size on OD value

Fig.2 Response surface diagram and isosurface diagram of three interactions of various indexes
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Tab.4 Results of variance analysis of D,,

FERR BEFFZA BAWE ¥y FA P
AR 20.75 9  2.31 18.66 0.0004
A 0.23 1 0.23 1.87 0.2137
B 3.92 1 3.92 31.72 0.0008
C 6.59 1 6.59 53.31 0.0002
AB 2.16 1 2.16 17.49 0.004 1
AC 1.28 1 1.28 10.33 0.0148
BC 2.25 1 2.25 18.21 0.0037
A? 0.45 1 0.45 3.65 0.0975
B> 2.05 1 2.05 16.58 0.0047
c? 1.79 1 1.79 14.51 0.006 6
% % 0. 87 7 0.12
% IR 0.49 3 0.16 1.75 0.2944
Wig £ 0.37 4 0.09
BEF 21.62 16

2.3.4 Yyt BT [E A AT B LT AT

A vy BRI B AT A LA 45 [T T
FLY,=61.560 - 0. 144 — 4. 907B — 23. 098C + 0. 016AB +
0. 1084C - 1. 131BC - 0. 00142 + 0. 273B2 + 33.263C?.
S 22 BT (WL S) , D7 R il e A A 96 T00, A =
12.20,P =0.001 7 < 0. 05, & B T gAY R 4 5 2K 40100
F=0.56,P=0.669 9 >0.05, 75 i 0 K 2 1
TP /N o UE B ] 9 75 A F kG B R, B IR B4 it
MIANE

R T 2250 Mras S, =S HAE A R AR
2 B by i 58 B30, A% 38 HAE R 3EAT 20 #r o i
SRINZE C o W E W H L 5 K 3R A &K B H.45
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Tab.5 Results of variance analysis of angle of repose

7 2R R BERsA  AWE HF P PIL
HA 25.95 9 2.88  12.20 0.0017
1.58 1 1.58  6.67 0.0364
2.31 1 2.31  9.78  0.0167
5.63 1 5.63 23.82  0.0018
AB 1. 60 1 1.60  6.77 0.0353
AC 0.74 1 0.74  3.13 0.1202
BC 0. 82 1 0.82  3.47 0.1050
A? 0.37 1 0.37 1.55 0.2539
B? 5.03 1 5.03 21.29 0.0024
C? 7.45 1 7.45  31.54  0.0008
HE 1.65 7 0.24
K IR 0. 49 3 0.16 0.56 0.6699
B 2 1.17 4 0.29
BRIt 27.60 16

IRARXT Yy 7 2 S AR B IOTE 3 25 R T F
WL 2 C(Cy, Cy) o 3R A 5 R 3 B 22 Bt i, i il i
JEARASFRI , by 1o b A [R)A57 5 ) 23825 AN A [ 2 v, 32
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9 A /N 2 T A5 5 P AR AAE — S AR /N R XY
BAKFA A v T it —2 4T

2.3.5 Y, tyvE b [ A AT RO e T AT

MR8 v, ()3 56 K i A7 R R A, A5 T
Y, = - 2.284 + 0.0844 - 0.011B - 1.271C +
0. 0034B + 0. 0034C + 0. 006BC — 0. 0014, — 0. 0228, +
0.769C,. 2577 2253 M (UL3R 6) , J7 T8 1 J2 45 B2 A 4 0t
B F = 44.25,P < 0.000 1,25 W] 7 @455 760 B 475 2k 41
Wi F=1.41,P =0.3626 > 0. 05, 25 B 56 v R 414 1A
R0/ IR B A1 7 R RS B R, R e 2k gy
Hr A .

SRy v 11U R ARG A A AT A R, K Y,
KT =R BEIE A CH = CRIAIER (H % C
FEANRE, H5RER A KWEBRZELR AKX Y, ™
AR ERW) S RH AR Y, = - 2.284 + 0.0844 -
0.001B + 0. 00348 — 0. 00142 - 0. 02282,

*6 ODEHFENNER
Tab. 6 Results of variance analysis of OD value
FERR BEFHFA BAWE HF  FHA P1i
BEAL 0.8104 9 0.09 44.25 <0.0001

A 0.2346 1 0.23 115.29 <0.0001
B 0.2592 1 0.26 127.37 <0.0001
C 0. 000 3 1000 0.15 0.7068
AB 0. 04 1 0.04 19.66 0.0030
AC 0. 000 6 1 0.00 0.31 0.597
BC 0. 00 1 0.00 1.23 0.3043
A? 0.23 1 0.23 113.54 <0.0001
B 0.03 1 0.03 1557 0.0056
(o 0. 00 1 000 1.96 0.2046
#E 0.01 7 0.00

FEDE | 0.01 3 0.00 1.41 0.3626
shig £ 0.01 4 0.00

BT 0.82 16

Y, KT 22 HAE 64 e 1 it T e SR T LRI 2 D
(Dy,D,) A5 R %A B TR AE SR 43 X 38 P 1y i 22
IS AVAER ZE A K- EBR AR &R B (17K F- T BB
I R B P 2R A FIR 2R B X Y, A FHAL AR
R, HL7E R oA s A v R, R
[l =1 7 R AT T ) A R
2.4 EBREER
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Tab.7 Optimal solution and their respective best process combi-

nation

A AL
REACR) 100 60 60 82. 504
H#%B(%) 6.392 5 8.028 5
B % C(cm) 0.6 0.2 0.385 0.2
Y, (%) 91. 885
Y,(pum) 9.56
Y,(%) 38.947
Y, 0. 942
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Tab.8 Confirmatory results

%5 AR E (%) #:4%2 (pum) Rak /(%)
1 89. 06 10.53 39.32
2 89. 02 10. 74 39.02

3 88. 96 10. 65 39.15
X 89. 01 10. 64 39. 16
RSD(%) 0.06 0.92 0.38
3 iig
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