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ABSTRACT Objective: To study the application of the crushing granulation in the production of personalized traditional Chinese
medicine (TCM) granules, optimize the granulation process, improve granule yield and quality, analyze the correlation between the
granule properties and the physical properties of dried extracts as well as the prescription composition, and establish an efficient granulation
method suitable for the production of personalized TCM granules. Methods: The dried extracts of personalized TCM prescriptions were used
as the research subjects. The granules were prepared using the crushing granulation method. The effects of sieve type (knife-hole, and

round-hole) , sieve aperture (1.27, 1.57, and 2.00 mm) , and cutter speed (1 000, 2 000, and 3 000 r/min) on granule yield were
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investigated. The physical properties of the dried extracts, such as hygroscopicity, apparent density, and softening point, as well as the
particle quality, including particle size distribution, solubility, hardness, and angle of repose, were detected. Correlation analysis was
carried out to explore the relationship between the physical properties of the dried extracts and the properties of the granules. Results:
Granules were produced with a higher proportion of qualified granules and better uniformity using the knife-hole sieve. When the sieve
aperture was 2.00 mm and the cutter speed was 2 000 r/min, the granule yield was the highest, exceeding 75% and with 50% of the
prescription granules achieving a yield of over 85%. Granule yield, hardness, and dissolution time were positively correlated with the
apparent density of the dried extracts, while the angle of repose of granules was negatively correlated with the hygroscopicity and apparent
density of the dried extracts. The dried extracts of the prescriptions with a higher proportion of sugary material exhibited stronger
hygroscopicity, higher apparent density, and greater granule hardness. Conclusion: The crushing granulation method can be applied in the
production of personalized TCM granules, and effectively improve the granule yield and quality. The physical properties of the dried extracts
are influenced by the prescription composition, and further affect the granule properties. The results of this research provide an
experimental basis for the optimization of preparation process and quality control of personalized TCM granules.
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Fig. 1

Schematic diagram of round-hole type screen (A) and knife-hole type screen (B)
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Tab. 2 Determination results of physical properties of dried extracts of different prescriptions (n=3,x+s)
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Tab. 3 Correlation between moisture absorption,
apparent density, and softening point
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Fig. 2 Moisture absorption curve of dried extracts of personalized traditional Chinese medicine (n=3,%+s)
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Fig. 3 Apparent density distribution of dried extracts of 42 personalized traditional Chinese medicine prescriptions
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Fig. 4  Plot of particle yield and crushing time with different sieve types (¥+s,n=3)
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Fig. 5  Yield of qualified particles for different prescriptions at different sieve apertures (n=3,x+s)
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Fig. 6 Particle yield of different prescriptions at different rotational speeds (n=3,%+s)
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R4 RFPH L5 H AR ARG B E (n=3,x+s)

Tab. 4 Particle yield of different traditional Chinese medicine compound prescriptions by crushing granulation

(n=3,%+s)

FE SR BRI 2(%) Rt 44 5 URLAS (%) FEf 225K URLAHE(%)
¥ 90.03+0.76 I 75 1551 -2 75.10+0.26 bt FL o 78.02+1.60
REF 86.62+0.86 I J i 3%-3 90.55+1.28 PR 7 85.32+0.78
KAy 87.5420.93 I 75 i1 -4 84.20+0.82 BiiN=EL Y Ivi 81.72+0.50
Evivi 85.60=1.05 Iiés 77 1551 -6 87.30+1.00 I T 80.82+0.59
=TI 89.62+0.66 Ik 7 il 3507 81.14+0.65 TRy 81.40+0.86
=]y 89.60+1.04 I J7 il 351-9 88.35+1.90 A T 77.67+2.06
AT T 83.38+0.67 HAWE S 75.45+0.85 ATy 80.38+1.13
PRAFNT 94.98+0.66 Je RS 81.95+0.88 Ay S 5w 83.05+1.18
& T 84.42+0.72 NEHYIIE i) 85.13+0.72 R 92.47+0.64
ki 86.64+1.30 JUBRIETE 7 78.69+1.33 RTA=gip) 78.10£1.40
e 82.50+0.82 HAFATREIT 87.91+1.70 U BUE Ay 86.71+1.07
FIRRAT J5 88.99+1.89 Fr L2 T5 79.39+0.76 BREETT (#) 86.07+0.87
FEILR 5 85.50+1.06 FRBATE Iy 74.84+2.21 ARG T (#) 86.35+0.41
Il 7 4l 5750 1(#) 85.65+0.56 e 7 i 750 5(#) 91.56+0.73 Il 77 771 - 10(#) 78.10+1.59
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Fig. 7  Effect of rotational speed on the particle yield of the lower yielding prescriptions
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RS KRB H L5 BEGRZIFN (=3, 5xs)
Tab. 5

Chinese medicine compound granules (n=3,x+s)

Quality evaluation of different traditional

BSAR T ) k) O
(%) (s)

KAy 0.73+0.05 65.57+4.01 27.90+0.73 73.33+2.89
1% B J5 2.96+0.46  9.76+2.51 34.78+0.58 37.50+3.54
=]y 1.7140.16  74.79+4.43 29.13+0.31 32.67+3.06
ey 3.5440.06 87.19+5.20 28.69+0.52 79.67+0.58
ESivi] 4.16+0.25 22.59+2.10 29.83+0.27 32.00+3.46
=T 4.64+0.23 53.22+4.71 34.48+0.37 97.33+2.52
IR TT 2.81+0.09 40.16+2.26 30.07+0.65 37.67+2.52
B 5V Ir 4.28+0.05 18.32+1.79 33.10£0.51 42.50+3.54
Il 77 il 372 1.15+0.16  25.24+4.01 33.98+0.72 19.67+1.53
BILR T 2.42+0.13 12.28+2.05 30.31+0.39 73.33+2.89
Il 77 i 373 1.20+0.09 15.45+0.71 35.40+0.05 86.00+3.61
Il 77 i 374 3.54+0.05  7.75+0.84 30.98+0.43 74.33+1.15
Il 77 i 376 1.04+0.14 87.30+7.31 30.87+0.84 38.33+2.89
I 7 45517 4.36+0.25 3544297 31.96+1.56 21.67+2.89
I 7 11 5511-9 5.74+0.13  68.09+2.52 34.74x1.03 85.00+5.00
AU SN v 2.83+0.26 58.76+5.08 29.85:0.34 65.00%5.00
Je AR BT 2.69+0.16 51.41+3.62 31.76+0.67 43.67+3.21
T B iy 3.32+0.15 11.76+3.51 31.88+0.61 12.33+2.52
HEEEN 1.55+0.06 48.44+6.56 30.65+0.18 43.00+2.65
IR N i 1.42+0.11  54.50+4.11 30.00£0.51 62.67+2.52
PR BE I 4.67+0.07  9.7622.21 37.13+0.42 41.67+2.89
bil=gLill i 5.610.23 85.22+3.38 29.67+0.70 38.67+2.31
(N i 425+0.09 58.74+3.45 32.92+0.36 29.33+1.15
A ) 2.60+0.01 13.42+2.13 30.86+0.82 28.33+2.89
T T 4.02+0.02  46.49+2.12 33.10+0.66 38.50+4.95
iy 1.55+0.14 41.36+3.44 30.47+0.39 42.33+2.52
AR g v 2.97+0.18 151.42+4.46 33.52+0.47 85.33+5.03
INE59)\& iy 3.96+0.20 17.95+5.39 34.81+0.49 28.67+2.31
IR TT 2.00+0.17 47.88+3.03 30.77+0.88 75.33+5.03
HWFE I 3.48+0.09 101.62+3.40 30.52+0.36 86.67+2.89
PUE AT 1.0120.06  44.77+2.59 29.16+0.85 61.67+2.89
HRBE )T (#) 2.45+0.26 90.18+4.90 28.70+0.48 78.33+2.89
I 7 (#) 3.56+0.21 55.56x3.11 28.81x0.34 38.67+2.31
KA (#) 1.05£0.16 25.41+0.36 32.86x0.52 72.33+2.52

I HlR-1#)  1.39+£0.09 82.42+4.55 30.09+0.01 37.00+2.65
I ilsR-5#)  1.61+0.15 89.69+0.30 30.12+0.58 31.00+1.41
I 7 Hl57-10 (#) 1.89+£0.04 17.95+1.62 29.36+1.12 39.33+1.15
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Tab. 6 Correlation between the material classification and the properties of their dried extracts

A KRS 3R T 85% (AbJ7 s B A MURIAS AL T 85% mkb )y, 1.2.3.4 Jo=>5 LERHIMS,0~60 AR W H AL

Mtk Ykt HEPEEL ik PR B NP TR RWEE R
Javork 1.000  -0.150 -0.050 -0.139 0.004 0.201 0.040 0.056 -0.237 -0.269
LYk -0.150 1.000 -0.524" -0.313 0.001 0.089  -0.020 0.275 -0.017 -0.079
BEMERL -0.050  -0.524" 1.000 -0.358" -0.208 0.007 0.377° -0.474" 0.342 -0.265
bl -0.139  -0.313 -0.358" 1.000 -0.462"  -0.151  -0.310 0.031 -0.250 0.352"
Btk 0.004 0.001 -0.208 -0.462" 1.000 0.006  -0.086 0.222 0.050 0.040
HLES 0.201 0.089 0.007 -0.151 0.006 1.000 0.192 -0.036 0.063 -0.147
WA 0.040 -0.020 0.377° -0.310 -0.086 0.192 1.000 -0.185 0.514™ -0.300
ok 0.056 0.275 -0.474" 0.031 0.222 -0.036  -0.185 1.000 -0.217 -0.063
FWMBERE -0237  -0.017 0.342 -0.250 0.050 0.063 0.514™ -0.217 1.000 -0.050
AR -0.269  -0.079 -0.265 0.352" 0.040 -0.147  -0.300 -0.063 -0.050 1.000
1 #P<0.05, #P<0.01,
R®T XHTEREFHEERL LB R 648X
Tab.7 Correlation between the properties of dried extracts and their granules
W K R Al WURLAR A NI AL fifi
W R 1.000 -0.230 0.525" -0.354" 0.118 -0.512" -0.268 0.217
FKR -0.230 1.000 -0.318 0.020 0.188 0.348 0.186 0.021
T 0.525" -0.318 1.000 -0.177 0.372 -0.494™ -0.107 0.540™
AR -0.354" 0.020 -0.177 1.000 -0.032 0.363" 0.240 0.035
R £ % 0.118 0.188 0.372" -0.032 1.000 -0.150 0.498™ 0.488"
N1 -0.512" 0.348" -0.494" 0.363" -0.150 1.000 0.040 -0.365"
AR ] -0.268 0.186 -0.107 0.240 0.498" 0.040 1.000 0.212
T 0.217 0.021 0.540" 0.035 0.488" -0.365" 0.212 1.000
H :#P<0.05, #4P<0.01,
SCHE L AL, ok B RDRL T 20 A i 7 MORLR - B3k
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