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On-line moisture determination and optimization of drying process of Qiju
Dihuang Pills by time-domain reflection method
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Abstract: Objective Taking Qiju Dihuang Pills (QDP) as the research object, time domain reflection method was used for
real-time determination of moisture content in concentrated pills during drying process and optimization of the drying process
parameters. Methods The moisture model of the drying process of QDP was established by the relationship between the water,
temperature, and the reflective signal value of time domain reflector. The effect of the drying process on the different thickness (8,
16, and 24 mm), different drying temperatures (30, 40, 50, 60, 70, 80, and 90 ‘C) was investigated. Results The moisture model of
the drying process of QDP was measured by time domain reflection method as ¥ = 0.305 X—34.772 (+> = 0.999); X = X(T)—(0.768 9
T—24.824 7) (T > 30 C). The optimized process was as following: the process was dried at 60 C to 13.8% moisture and then
rising to 80 ‘C, after being dried to 7.80%, cooled to 60 ‘C and dried to 5.0% target moisture. Conclusion It is feasible to test the
moisture content in the drying process of QDP by time domain reflection method. This method can be used to monitor and popularize
the moisture content in the drying process of traditional Chinese medicine concentrated pills.
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Table 1 Results of water-signal value of QDP at room
temperature

e B9E KHE% | a0 E5HE KO ME%
1 175.01 18.56 5 153.45 12.19
2 168.45 16.58 6 146.12 9.53
3 163.93 15.29 7 142.98 8.83
4 158.80 13.72

x2 ATRIEET QDP #HmiIRSHESEENRER
Table 2 Changes of reflective signal value of QDP at

different temperatures

BEEIC BESE KOME% | \E/C H5E KME%
30 129.11 4.66 70 157.06  13.23
40 134.89 7.21 80 16624  15.85
50 14159 8.74 90 17482  18.17
60 14920  10.53

QDP ik 72 o 7K J3r B 35l S S T H )
AN 24 477 K R K (B AR U, 2 HEE ] SPSS
22.0 AT G M, CREE R, UEW R
SRS T HAE 2 LT R K R TR .
FR LK 1.
33 FRIZMMUER
3.3.1 AFREEMAFRRE T QDP HTHRACR
TR A R SCBER M PR B SR AR B R13), S5 2R
MTULEH, BEE B, TEE AR, S5

R3 QDPFHMHIERIKNMESE
Table 3 Real-time water signal output table of QDP

ts 155 KME% | us S KE%
1 200.67 15.20 8 198.92 14.67
2 200.59 15.18 9 198.76 14.62
3 200.59 15.18 10 198.77 14.62
4 200.59 15.18 11 198.91 14.67
5 200.39 15.12 12 199.24 14.77
6 199.98 14.99 13 200.02 15.00
7 199.22 14.76
20=
I 4l 5 S 0 A
sz X e 20) 2015 SRR S
I
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Fig. 1 Results of on-line moisture measurement of QDP by

time-domain reflectometer at different time points compared

with pharmacopoeia method
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80 C ek 2 T B il 42 4 BB £, FEAHRLD) s B
RBEIR Ay j 1 MISRBEIK 43 i 25 I AR\ K
31 2 13.80%, KEEKI A2 42 7.80%. LS
TZNLL60 CH 2K 13.8%) FHEFI 80 C
JEHBT A 7.80%)5 FFHE 60 CTEE]H bRk
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Table 4 Evaluation results of different thickness of QDP

ATHEEE/mm  TREMANMN SRR FHEM¥RR % ATEE  TREE SRS
8 8.5 91.43 93.26 5 5 100.0
16 12.3 81.90 88.35 4 4 92.4
24 15.8 62.86 74.85 3 2 68.0

TR S EAF AT B R 5109 0196 mgg ' A1 0.385 mgeg ' THRAIN., DEAFFHE R, SEMAER AR, TR, RT R

HEHN20:30:30:10: 10
The contents of loganin and paeonol were 0.196 mg-g ! and 0.385 mg-g"! respectively before drying. The ratio of total drying time, loganin transfer rate,

paeonol transfer rate, pill hardness, ball roundness weight was 20 2 30 2 30 10

&5 ATEFHEE QDP KR IFMIEIRER
Table 5 Evaluation results of QDP with different drying temperatures

THEEREC TREHNA  DEEEER%  TEMERR ATEE O ATREEE  SEESRES
40 20.4 88.63 90.34 5 5 85.4
60 12.6 74.99 86.68 5 5 82.9
80 6.2 52.83 72.03 4 4 73.5
90 5.5 47.72 67.14 3 3 68.5

80 CH)iix

ZIKIME 7.33%, 90 CH;‘?B‘E%%M}T 8.92%, HIENENTBE HFR 5%; 80 ‘CAHI90 C ST My & A% T 24 #ubrvE 0.60 mg-g s

90 CHELHE & BT MIRME 030 mgg . TERHEEE. FXHmEELSM (PEZM) 2015 4EA QDP & &l e Bt T 774
At 80 C, final drying moisture was 7.33%, at 90 ‘C, final drying moisture was 8.92%, none of them met the 5% target. The contents of dried paconol at
80 ‘C and 90 ‘C were lower than the standard of pharmacopoeia 0.60 mg-g™', at 90 ‘C, the content of dried paconol was lower than the standard of

pharmacopoeia 0.30 mg-g'. The contents of margenin and paconol were measured according to the method of QDP content determination in the 2015

edition of Chinese Pharmacopoeia

4
e
a3
| / \-—
B
< 2
B
% \
H_

0

0 15 20
jFﬁﬂ(% Y%

2 QDP FREZRMFESKEXRE
Fig. 2 Drying rate and moisture content of dried base of
QDP
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Table 6 Evaluation of process of constant temperature drying and optimized drying
R VRES FRREM /A DEREERERY%  FHRMERE R OATEE ORTREBE GEERe s
60 C {1 12.6 74.99 86.68 5 4 89.8
80 CIEIR T 6.2 52.83 72.03 4 5 80.1
AT Z 8.5 66.47 83.02 5 5 89.9
x7 LIZMNE3#HIZWIERE
Table 7 Three batches process validation data after process optimization
fits F AR /b SRS /% PR BYEEA2 /% T TR R

20160807 8.5 66.47 83.02 5 5

20160808 8.4 64.77 84.24 5 5

20160809 8.7 68.17 86.68 5 5
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