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Preliminary Study on Mathematical Model of Liquid Volume Added of TCM Medicinal Broth Decoction
Machine

DAI Lili"*, GE Chaolun®*, SUN Qi’, NIE Jihong*, ZHAO Feicui’(1.College of TCM, Xinjiang Medical Universi-
ty, Urumgqi 830000, China;2.The Affiliated TCM Hospital, Xinjiang Medical University, Urumqi 830000, Chi-
na)

ABSTRACT OBIJECTIVE: To establish mathematical model of liquid volume added of TCM medicinal broth decoction machine
to accurately calculate liquid volume added in the process of medicinal herb decocting, so as to guarantee the quality of medicinal
herb decocting. METHODS: The water absorption rate of representative TCM decoction piece with high use frequency were deter-
mined, and cluster analysis of water absorption rate of TCM decoction piece was conducted according to closely related index as
density, size, shape, moisture. TCM decoction piece with similar water absorption rate were bracketed together, so that of single
ingredient TCM decoction piece can be estimated by water absorption of representative TCM decoction piece; the quantity of water
evaporation and liquid extrusion were determined among different types of decoction machine (powered by electric and gas) ; ac-
cording to the above parameters, mathematical model of liquid volume of TCM medicinal broth prepared by different types of de-
coction machine had been established, and validated with TCM formula. RESULTS: Factors that affected the liquid volume added
included the water absorption of each ingredient, the quantity of water evaporation and extrusion function. The mathematical model
was liquid volume added=water absorption of each ingredient x quality of decoction piece+the quantity of water evaporation-+re-
quired amount of liquid — parameters of extrusion functionxtotal weight of decoction piece; in validation test, the percentage of the
practical amount of liquid to required amount was within + 5% . CONCLUSIONS: Established model can promote the accuracy li-
quid volume added and guarantee the quality of TCM decoction when using TCM decoction machine.
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Tab 1 Results of evaporation tests of 2 kinds of decoction

machines
RIZhHL i ml i, ml Kk, ml
FLATZAL 2000 1720 280
3000 2560 440
4000 3360 640
5000 4320 680
6000 5100 900
KA HZ 2000 1830 170
3000 2760 240
4000 3660 340
5000 4600 400
6000 5520 480
P i () I Aebr 28k i () AR FR , 2 il Am o i
28, A5 RIZYHLIR T R A y=0.172 Tx—1.255 3(+=0.9619) .

FARSFZGHL ] F7 72y y=0.084 6x+15.316(r=0.9946) ,
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Tab 2 Water adsorption rate of 22 representative TCM de-
coction pieces

M A ABAR AEHIL e AR WK, % FIIRKE, %

e R bl 300 400 33 3
300 390 30

FIAj 300 500 67 63
300 480 60

X5 300 560 87 85
300 550 83

I 300 580 93 90
300 560 87

FIA 300 450 50 50
300 450 50

i 300 500 67 67
300 500 67

2R R 300 590 97 98
300 600 100

JEEAD 300 570 90 88
300 560 87

Mk RA 300 800 167 167
300 800 167

EOiS 300 790 163 160
300 770 157

ek Ht 300 1400 367 350
300 1300 333

aik 300 800 167 165
300 790 163

B2 300 1000 233 250
300 1100 267

Rk BUC 300 600 100 100
300 600 100

ey 300 910 203 200
300 890 197

EIe S T 300 830 177 178
300 840 180

EE 300 760 153 152
300 750 150

B 300 800 167 167
300 800 167

g &4 iy 300 500 67 67
300 500 67

U Ak 300 320 7 8
300 330 10

% 300 400 3 3
300 400 3

W T A 300 300 0 0
300 300 0
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Single clustering tree diagram of 22 representative
TCM decoction pieces
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Tab 3 Clustering result of 22 representative TCM decoction
pieces in 388 kinds of TCM decoction pieces

AMERE, bR Ak bk Mok, Pk

Fig 1

IPA S o 4y

Sl g/ml N, em ik "% FH % % 9
ik 0.342 177 i 13 1 9990 14230
WA 0.294 0.028 A 13 1 167

Lot 0.295 0.02 i 12 9 160

E 0.607 148 ki 10 2 18890 179.17
FIAR 0.562 7447 e 15 2 76.30

L 0.279 1.023 B 011 6 272.30

ey 0.571 1.09 Tk 7 3 25830 25830
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i 1175 0.566 e 15 4 3

& 0.882 0376 B 14 5 85 104.45
1A 1.082 277 Bt 14 5 123.90
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e 0413 4.887 &y 8 6 7450

Hyia 0252 937 B 14 6 149.20

Ly 0419 0.696 B 15 2 426 305.70
SR 0.293 2177 B 13 7 196.10

fryoa 0.226 1157 % 13 7 295.00
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Tab 4 Extrusion function parameters of 2 kinds of decoc-
tion machines

0 WRE SRR HEERE HES R
- Jfif g ik, g ik, g % BH,%
FLATZHL 459 4348 3953 49 3
592 3335 2900 31
600 1840 1600 29
636 4944 4300 26
648 2616 2275 2
895 1739 1512 3
900 3795 3300 38
990 3904 3395 29
1004 2875 2500 34
1055 2530 2200 30
1170 3428 2981 38
1215 2465 2144 27
1218 1389 1208 )
1218 2632 2288 31
1240 2191 1905 19
1275 3105 2700 34
1351 2760 2400 26
1435 2645 2300 41
1575 1366 1188 3
1659 1343 1168 39
1687 1276 1110 29
1862 2173 1890 2
RIKAFZHL 459 2859 2180 69 8
471 3150 2409 87
544 3845 3204 59
590 3922 3230 58
603 1563 1103 )
606 1456 859 46
756 2122 1329 3
756 3245 2483 44
830 4800 3927 35
1029 2371 1885 60
1085 1465 1006 26
1183 2180 1656 31
1195 1656 1230 3
1211 1885 1190 59
1280 2887 2044 31
1309 2645 1995 31
1344 1500 944 41
1407 2569 1611 48
1415 1254 671 57
1512 2961 2007 21
1827 1380 956 )
1904 2999 1915 20

HLIEE T REANL 5 BT 25 P14 FE ) 1 ML s i ¢, A
At 5 g b ik R S B G, T R A A G
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Tab 5 Comparison of extrusion function parameters of 2
kinds of decoction machines before and after correc-

tion
PR BIERTT 4R, % FIRIES ROEJG TR, %
HURTZGH 842 RIS HO AR R ST 032
KRR 767 FIRRESHO R iR B 040
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Tab 6 Results of validation test of mathematical model of
fluid volume added

M bRt B, BESREHR

BB R HE i R E M %

Kig,ml Bml E,ml R ,ml ml

WA 1 1435 1553 4398 2800 2900 100 36
7z 2 1275 1519 4404 2000 2100 100 5.0
3 1240 1382 4276 1600 1610 10 0.6

4 1659 1750 4543 2800 2860 60 2.1

5 900 1275 4261 2000 2060 60 3.0

6 459 662 3783 1200 1260 60 50

7 1687 1831 4619 2800 2900 100 36

8 1218 1395 4204 2800 2770 -30 -1

9 1218 1375 4275 2800 2920 120 43

10 1215 1308 4208 2000 1920 -80 -40

1l 1170 1481 4393 2000 1900 -100 =50

12 1055 1244 418 2000 1960 —40 =20

13 592 708 3787 1600 1550 =50 =31

14 1004 1088 4045 1600 1660 60 38

15 895 1105 4093 2000 1940 60 =30

16 1862 2052 4803 2800 2690 -110 -39

17 1575 1706 4519 2800 2900 100 36

18 1351 1498 4363 2800 2910 110 39

19 648 688 3749 1600 1550  -50 =31

20 600 668 3744 1600 1540  -60 -38

21 636 700 3775 1600 1650 50 3.1

990 1190 4150 1200 1250 50 42

Kok 1280 1579 3280 2000 1920 -80 -40
S 1300 1340 3100 2800 2780  -20 -0.7
il 1904 1941 3780 2800 2930 130 46

1512 1718 3490 2800 2910 110 39
603 648 2430 1200 1230 30 25
459 662 2500 1200 1180 20 -1.6

1029 1093 2890 2800 2740  -60 -21

1183 1425 3200 2800 2900 100 35

1827 1916 3730 2800 2870 70 25

1085 1286 3000 2000 2100 100 5.0
606 647 2420 1200 1200 0 0.0
756 7412500 1600 1660 60 37
830 8262600 2000 1900 -100 =50
590 695 2550 2000 2100 100 5.0

1344 1543 3300 2800 2910 110 39

1195 1092 2800 2000 2080 80 4.0
544 81 2420 1600 1530  -70 -44

1211 1358 3130 2800 2910 110 39
471 527 23600 1200 1230 30 25

1407 1554 3320 2800 2890 90 32
756 978 2740 1600 1650 50 3l

1415 1584 3280 2000 2070 70 35

o
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