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Preparation and physicochemical properties of ultra-fine powder of Fritillaria
unibracteata

LI Cai-xia> 2, FENG Hai-sheng' 2, MA Shi-zhen* 2
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Abstract: Objective The morphological and particle size distribution of Fritillaria unibracteata under different preparation
conditions and the physicochemical property before and after grinding were studied, which provides the experimental basis for the
particle size control and application of ultra-fine powder. Methods The single-factor experiment was carried out. The ultra-fine
powder was prepared using ball milling method under different milling time, the weight ratio of ball to material, and rotating speed
conditions. The powder morphology was observed by scanning electron microscopy. The particle size and particle size distribution of
the powder was determined by laser particle size analyzer. The particle size, particle size distribution, expansion degree, total alkaloid
content, and other properties of F. unibracteata powder before and after milling were compared. Results The optimum conditions
for powder preparation were as follows: The grinding time was 0.5 h, the weight ratio of ball to material was 12 1, the rotating
speed was 250 r/min. The volume average particle size of ultrafine powder was (26.92 + 0.12) um, and Dgo was (45.15 + 0.18) um.
After grinding, the particle size decreased, the particle size distribution became narrower, the expansion degree and angle of repose
increased, the hygroscopicity of powder did not change significantly, the bulk density decreased, and the alcohol-soluble extract
content and total alkaloid content increased greatly. Conclusion Moderate grinding can significantly reduce the size of F
unibracteata powder, improve the particle size distribution, increase the total alkaloid content, and help to improve bioavailability.
Key words: Fritillaria unibracteata Hsiao et K. C. Hsia; ultra-fine powder; scanning electron microscope; particle size; ball milling
method; single-factor experiment; expansion degree; total alkaloid content; angle of repose; bulk density; alcohol-soluble extract;
particle size distribution
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1 (X=s,n=3)
2.6 Table 1 Particle size of F. unibracteata ultra-fine powder
with different grinding time (X #s, n = 3)

t/h  Dpg/um Dso/um Dgo/um span
0.25 53.35411.55° 37.28+0.91¢ 82.59+ 8.612> 1.80=+-0.18%
3 0.50 36.68= 0.05% 32.400.05* 66.80% 0.10* 1.66=0.002
m/\V m 1.00 36.85+ 0.33? 33.6320.25" 64.72+ 0.67% 1.50=0.01%
g V mL 1.50 43.45=+ 0.54% 33.6640.26" 77.16+ 1.14% 1.90=+0.022
2.7 2.00 48.46= 7.53% 34.1140.32" 76.60% 2.87* 1.832=0.07%
17
2015 ol 250 54.43+ 0.32° 37.974-0.12° 99.06== 0.70° 2.22=4-0.01°
3.00 79.954-16.87¢ 42.344-0.849 154.024-24.93° 3.254-0.52¢
20 25 ) 25 mL 3.50 78.564 1.06° 45.044-0.23° 179.05=+ 5.30¢ 3.63=+=0.12<
1h 10 min 1
4.00 76.83= 2.83°¢ 42.53=+0.55% 179.60=+ 8.76% 3.86=4-0.16¢
0.05
4h 1h , 3
2 0.1 mL Different lowercase letters in the same column indicate significant
3 difference among the different treatments at 0.05 level, same as tables
2and 3
VIW 3
25h
v mL W 10 £ v
4 ——1.00h
g 8 'f.&&\ —v—150h
- —<—2.00h
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Excel 2007 SPSS 22.0 Fig. 1 Particle size distribution of F. unibracteata ultra-fine
Duncan powder with different grinding time
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Fig. 2 Morphology of F. unibracteata ultra-fine powder with different grinding time
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Table 2 Particle size of F. unibracteata ultra-fine powder
with different weight ratio of ball to material (X =s, n = 3)

Dia,31/um Dso/pum Dgo/pm span
4 1 31.16=0.02% 28.83==0.01? 54.63+0.05% 1.51=0.00°
1 38.39=40.06" 35.14=+0.06 67.9740.09¢ 1.54=40.00°
12 1 31.21+0.03% 28.80=20.022 53.91+0.082 1.44=+0.00%
16 1 34.66=0.38 31.14=+0.24" 61.68+0.75" 1.57+0.01¢
20 1 36.8520.33° 33.63=2=0.25° 64.72+0.67°¢ 1.50=40.01°

1%

Fig. 3 Particle size distribution of F. unibracteata ultra-fine
powder with different ratio of ball weight to material weight
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16 1 20 1

4
Fig. 4 Morphology of F. unibracteata ultra-fine powder with different weight ratio of ball to material
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6 Fig. 5 Particle size distribution of F. unibracteata ultra-fine
powder at different rotating speed
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Table 3 Particle size of F. unibracteata ultra-fine powder at
different rotating speed ( X &s, n = 3)
. Dia,31/pum Dso/um Dgo/um span
(rrmin™1)
150 28.424-0.25P 27.194-0.13¢ 46.4740.54" 1.22=40.012 [19]
200 28.38+0.15P 26.75:0.06° 47.99=4-0.37¢ 1.35==0.01° 3.4.2 4 Dig Dso
250 26.924-0.122 25.69=4-0.10? 45.154-0.18? 1.324-0.01° Doo Dpag
300 29.27-4-0.26° 27.782-0.23% 49.45+0.479 1.35-0.00° Dio 18.7% Dso 16.5% Dgo 83.4%

350  31.21:0.03 28.80:0.02° 53.910.08° 1.44£0.00' Dy 4 68.9% 8
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Fig. 6 Morphology of F. unibracteata ultra-fine powder at different rotating speed

7

Fig. 7 Morphology of F. unibracteata powder before and
after grinding

4 (X=s,n=3)
Table 4 Particle size of F. unibracteata powder before and
after grinding ( X =s, n = 3)

Dpaa/um Dio/um Dso/um Dgo/um

86.54+4.59 13.85+0.09 30.78+0.41 271.95+12.35
26.92+0.12" 11.2640.14" 25.69+0.10" 45.15+ 0.18"

*

0.05 56

“means significant difference at 0.05 level, same as tables 5 and 6
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Fig. 8 Particle size distribution of F. unibracteata powder
before and after grinding
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3.4.4 (21]
4
D1o
15% 2% 18.7% Dso 16.5% Dgo 83.4%
5 [17]
70% 80%2
[23]
7
3.4.5 5
29.2%
3.46 5 D10 Dso 4
66.7%
3.4.7 Do D= 18.7% 16.5%
30°
45° =40°
[20] 6
[24]
3.4.8
6
5
(X=xs,n=3)
Table 5 Expansion degree, hygroscopicity, ethanol-soluble
extract content, and total alkaloid of F. unibracteata powder [12.24]
before and after grinding ( X =&s, n = 3)
1% 1% [25-26]
(mL-g?) 1%
1.93+0.12 9.41+1.76 4.3940.20 0.009=0.001
2.75+0.24" 8.6742.01 5.67+0.21" 0.015=+0.002"
6 (X =s,
n=>5)
Table 6 Angle of repose and bulk density of F. unibracteata
powder before and after grinding (X =s, n = 5) 5

1°) /(g-mL™?)
36.6242.50 0.624-0.01
49.50+1.08" 0.58-0.03"
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26.92+0.12 pm Dgo
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Dpag
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Do  83.4% Dpz  68.9%
[1] , : :
1. , 2010, 16(15): 216-218.
[2] : [
, 2016, 32(1): 29-33.
[3] .
131
, 2010, 15(6): 612-616.
[4] [D].
, 2012.
(5]
[J].
, 2012, 18(16): 250-254.
[6] € c
,,[\]]. —
2001, 3(4): 78-79.
[7] : [
, 2011, 6(1): 78-81.
[8] : - (3.
2002, 33(10): 865-868.
[l ,
[1. , 2011, 24(4): 62-64.
[10]
[1. , 2013,
44(24): 3457-3464.
[11] .
[
, 2012, 18(17): 9-13.
[12]

[1.

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2017, 39(6): 1232-1235.

( ML , 2005, 36(8): 1216-1220.
[]. , 2014(8):
1999-2001.
[J1
, 2012, 18(14): 39-43.
. 20
[]. , 2014,
24(8): 570-573.
[S]. . 2015,
[J]. , 2016(7):
167-173.
[D].
, 2008.
: : [9].
, 2010, 41(11): 1796-1799.
O]
, 2011.
[9]. , 2007,
42(21): 1617-1620.
X
N
, 2012, 9(2): 94-96.
[9]. , 2007, 22(2):
40-44.
(31
, 2008, 45(1): 209-213.
[J]. , 2014, 33(5):

14-18.



