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Identification of key process parameters of Chinese materia medica production
process based on grey relation analysis
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Abstract: Objective To identify the key process parameters of the Chinese materia medica (CMM) production process by using grey
relation analysis (GRA) method. Methods Taking Lonicerae Japonicae Flos and Artemisiae Annuae Herba extraction section of
Reduning Injection as an example, GRA was adopted to calculate and compare the influence of the process parameters on the quality
index. Meanwhile, analytic hierarchy process (AHP) combined with Spearman rank correlation analysis was used to validate mutually.
Results According to GRA results, the relative importance of process parameters was ranked as follows: average volume flow rate of
extraction (Xs) > pH after acid adjustment (X2) > the paste temperature of extracting concentration (.X7) > alcohol precipitation concentrated
extract weight (X1) > hydrochloric acid weight (X3) > extraction time (Xc) > relative standard deviation of flow rate (Xs). The correlation
coefficient between the order by GRA and that by AHP was 0.893. According to the importance of process parameters, the average
volume flow rate of extraction, the pH after acid adjustment, and the paste temperature of extracting concentration were identified as
the key process parameters. Conclusion The results obtained in this study show the feasibility of GRA in selecting key process

parameters, which can provide theoretical reference for the establishment of prediction model as well as online feedback regulation.
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Fig. 1 Process flow chart of Lonicerae Japonicae Flos and

Artemisiae Annuae Herba extraction
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Table 1 Samples of some production raw data

fit's Xi/kg X2 Xskg  Xa/(L'hh) X5 Xeo/h X7/°C Ywkg Y/% Y%  Yal%  Ysi%
2170101 397.6  2.04 15.6 59.618 0.062 14.50 61.2 46.8 2.10 14.4 2.90 1.80
2170102 427.1  2.03 15.6 60.013 0.036  15.16 61.6 51.9 2.20 13.9 2.90 1.80
2170103 405.1 1.97 16.8 58.196 0.047 14.45 63.0 44.7 2.30 14.6 3.20 1.90
z170104 4450 1.93 16.9 59.980 0.039 14.17 65.3 52.0 2.40 14.7 3.20 2.00
z170105 379.6 192 16.2 58.296 0.044  14.48 65.3 443 2.20 14.6 3.00 1.80
z170106 4172 2.01 15.7 60.003 0.038 13.38 63.7 45.6 2.20 14.3 3.00 1.70
2170107 417.8  2.03 16.2 60.001 0.037 13.38 61.9 57.0 2.00 14.2 2.80 2.70
z170115 4427 2.07 16.8 59.926 0.073 14.19 60.1 51.4 2.20 15.1 3.00 2.20
z170116 412.0  2.00 16.2 59.078 0.040  14.17 67.0 439 2.40 14.9 3.20 2.10
z170117 4543  2.03 19.1 59.532 0.050  14.54 62.0 49.3 2.20 14.2 3.00 1.60
z170118 3843 192 15.6 59.971 0.040  12.59 61.5 39.4 2.20 13.7 2.90 1.70
z170119 4172 193 16.2 59.241 0.055 14.29 63.5 41.3 2.20 13.8 2.90 1.70
z170120  405.1 1.97 15.6 60.018 0.042 13.18 62.7 46.9 2.30 13.8 3.10 1.60
z170121 408.6  2.02 14.4 59.914 0.040  14.45 62.0 48.3 2.20 13.6 2.90 1.50
z170122 419.6 191 16.7 59.808 0.037 14.02 68.1 44.8 2.50 14.9 3.30 1.70
2170201 3819  2.10 14.8 59.968 0.040  12.59 62.1 43.1 2.50 15.0 3.30 1.70
2170202 386.6  2.07 14.4 59.236 0.069 1338 69.6 37.6 2.40 15.0 3.30 1.70
2170203 476.3  2.10 20.8 60.003 0.040  15.16 64.6 54.1 2.30 14.5 3.00 1.70
2170204 397.0  2.08 16.6 60.646 0.062 13.55 61.9 44.7 2.40 15.1 3.20 1.90
2170205 4549  2.01 16.7 59.977 0.037 14.27 66.0 53.4 2.40 14.4 3.20 1.90

*2 REBXEEHHELER
Table 2 Results of grey relational grade

ZH X X X Xa Xs Xo X7
Y1 0.8707 0.8483 0.851 7 0.849 3 0.780 4 0.793 2 0.845 4
Y> 0.83780.857 6 0.837 5 0.857 8 0.764 6 0.847 1 0.857 3
Y3 0.9069 0.920 6 0.861 8 0.926 1 0.801 2 0.840 5 0.919 8
Y4 0.87510.897 5 0.863 1 0.899 4 0.784 7 0.855 6 0.896 7
Ys 0.800 8 0.788 8 0.790 1 0.791 4 0.733 2 0.746 3 0.784 7
YIME 0.858 3 0.862 6 0.840 8 0.864 8 0.772 8 0.816 5 0.860 8
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Table 3 GRG ranking of each quality indicator

TS =g KRR
)4 X1>X3>Xa>X0>X7> X6 > X5
Y2 Xa>X0>X7> Xe> X12> X3> X5
Y3 Xa>X0>X>X1>X3> X6 > X5
) Xa>X0>X7>X1> X3> Xe > X5
Ys X1>Xa>X3>X>X7> X6 > X5
ZeEH Y Xa>X0>X7>X1> X3> Xe > X5

MAER: Xa X FABEREMN S, —ERERE T &
WO R A g4, XAERE R RA HEN; /£ H

BRI HITE R N, Xsv Xo X5 B3 bR (1 52 00 AH XS
BN

ZE BTk, 5 MRS & T 2S8R
FEHET — e R E R —8, BOCERE AR
BZEEHT AN Xa>X0>X>X> X35> X6 > Xso
AR T2 TH] (XD AR ER RSD (Xs), A
HCePF AR E (X, MRS pHE (X)) FIFHL
WA EEE (X)) K& FRERREWE K.
2.2 AHP Z&Ro#r

K L2SHP A LR, R 0 W R R LR 4,
THHARS L2238 (XN~X) WREZRED 58
0.113 9. 0.240 8. 0.162 4. 0.334 6. 0.029 7. 0.046 9.
0.071 9, —FMERLH, HHA C1=0.035 1, &
RI E£A[%0, n=7 B, RI=1.32, # CR=CI/RI=
0.026 6. CR<C0.1, FIWrHE R & — Btk tuie.
W E R, BES LESHMEEEHT B A
Xa>X0>X> X1 > X7> Xo > X o
2.3 Spearman FHHE XM S HLER

% F Minitab 17 A% GRA 15 20 £ 2118
HF A 5 AHP BEIMAKRHF B #H1T Spearman



- 586 - )

Chinese Traditional and Herbal Drugs

FES50% FI3W 20192 A

*4 TZSHEAHLBFIEERE

Table 4 Judgment matrix of process parameters

IZsH X X X Xi X Xo X

Xi 1 73 12 173 5 3 2
X2 3 1 2 172 7 5 3
X3 2 172 1 173 5 4 3
X4 3 2 3 1 7 5 5
Xs | VSR VA VR VY 1 172 173
Xe 73 s 14 15 2 1 12
X7 12 13 13 15 3 2 1
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