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Real-time release control of alcohol precipitation about Artemisiae Annuae Herba
and Lonicerae Flos based on statistical process control technology
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Abstract: Objective To study the application of statistical process control technology to establish the real-time release criteria of
alcohol precipitation process of Artemisiae Annuae Herba and Lonicerae Flos. Methods Twenty-nine batches of samples came from
alcohol precipitation process of Artemisiae Annuae Herba and Lonicerae Flos were collected as the calibration set. The contents of
neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, and solid content were determined to establish the quantitative real-time
release criteria based on statistical process control technology. Thirteen batches of alcohol precipitation process of Artemisiae Annuae
Herba and Lonicerae Flos were prepared under the different process conditions by the central composite design. They were regarded as
the validation set to test the dependability of the real-time release criteria. Results The established quantitative release ranges were
neochlorogenic acid 0.279—0.541 mg/g, chlorogenic acid 1.941—2.610 mg/g, cryptochlorogenic acid 0.453—0.570 mg/g, and solid
content 3.565%—4.925%. The four index component contents of the samples 1, 4, 8, 9, and 10 from the validation set were within the
range of the real-time release criteria. Conclusion Univariate statistical process control could be well monitored and understood of

production process for Chinses materia medica. They are used to achieve the purpose of real-time release.
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Table 1 Data of training set samples for quality control indexes

g SR B/ (mgg ™) fi] 5 g SR B/ (mgg ™) fi] 5 s SR B/ (mgg ™) By
HRAR SRR BRI W/% SRR SRR BRI W/% HRRR SRR RERR /%
1 0425 2.195 0479 4.697] 51 0562 2.241 0471 4.333] 101 0446 2.139 0514 4.856
2 0425 2.193 0479 4.708| 52 0.568 2249 0475 4.306| 102 0442 2.129 0.517 4.886
3 0421 2.198 0472 4.701| 53 0.567 2240 0.472 4.336| 103 0441 2.188 0.510 4.858
4 0425 2.198 0475 4.700] 54 0.568 2.252 0.476 4.326| 104 0445 2.187 0.515 4.868
5 0426 2.197 0476 4.695| 55 0.567 2238 0474 4.394| 105 0.443 2.169 0510 4.841
6 0.404 2219 0485 4429 56 0.411 2.287  0.458 4.285| 106 0.431 2.078  0.535 4.274
7 0.404  2.291 0.484 4.428| 57 0410 2279 0457 4.275| 107 0428 2.115 0.531 4.313
8 0.405 2.297 0484 4.419| 58 0415 2.281 0.457 4.285| 108 0.430 2.114  0.534 4.298
9 0.397 2.294 0487 4428 59 0418 2242 0454 4.239| 109 0.434 2.155 0.538 4.314
10 0.407 2.214 0483 4421 60 0417 2219 0458 4.231| 110 0.432 2.155 0.535 4.328
11 0.394 1.970  0.490 4.293] 61 0363 2.281 0.535 4.029| 111 0.344 2251  0.557 3.997
12 0.391 2.028 0.496 4.287| 62 0367 2293 0.538 4.026| 112 0.341 2.202 0.551 3.991
13 0.393 1.953  0.494 4294| 63 0367 2223 0.523 4.037| 113 0.339 2240 0.550 4.086
14 0.398 1.978 0490 4301 64 0366 2288 0.534 4.084| 114 0.342  2.295 0.555 4.041
15 0.390 1.988  0.494 4303 65 0.361 2278  0.533 4.059| 115 0.347 2.231  0.564 4.001
16 0418 2305 0515 4.553] 66 0345 2.131 0475 4.364| 116 0.347 2460 0560 4.012
17 0.415 2367 0514 4.545) 67 0342 2,100 0478 4.388| 117 0.340 2.460 0.569 4.007
18 0413 2339 0515 4.542) 68 0.347 2.160 0474 4.397| 118 0.346 2.476  0.565 4.047
19 0412 2326 0.511 4.537| 69 0342 2165 0469 4.397| 119 0.349 2.467 0.570 4.059
20 0.412  2.381 0.508 4.538| 70 0338 2.143 0474 4.412| 120 0.342  2.479 0.568 4.063
21 0.471 1.948 0510 4.226f 71 0.442 2353 0.528 4.081| 121 0.260 2.425 0.501 3.710
22 0.474 1.931 0.515 4.258| 72 0442 2350 0.528 4.118] 122 0262 2.427 0505 3.707
23 0.473 1.935 0.517 4.244| 73 0.441 2.333  0.524 4.130| 123 0260 2421 0499 3.715
24 0.479 1.930 0.519 4.254| 74 0.447  2.371 0.534 4171 124 0263 2425 0497 3.705
25 0.477 1.935 0.514 4251 75 0447 2356 0.543 4.147| 125 0.265 2423  0.500 3.700
26 0447 2170 0.545 4.793] 76 0374  2.355 0.542 3.533] 126 0495 2416 0495 3.824
27 0444 2.178 0543 4.758| 77 0376  2.337  0.548 3.558] 127 0495 2415 0492 3.820
28 0449 2.177 0532 4.807| 78 0374 2.339  0.542 3.565| 128 0494 2420 0496 3.821
29 0.445 2.120 0.526 4.794| 79 0.377 2338 0.548 3.587| 129 0496  2.421 0.500 3.819
30 0446 2.137 0529 4.811| 80 0.371 2.383  0.545 3.551) 130 0495 2.418 0501 3.822
31 0.401 2.062  0.498 4.504| 81 0.459  2.381 0.516 4.568| 131 0.330 2.455 0.510 3.755
32 0.397 2.014 0.494 4.522| 82 0456 2329 0.517 4.564| 132 0.331 2456  0.509 3.757
33 0.397 1.977 0491 4.507| 83 0462  2.361 0.515 4.582| 133 0.335  2.451 0.509 3.758
34 0.396 1.966  0.497 4.521| 84 0.6l 2.346  0.515 4.593| 134 0.332  2.452 0512 3.754
35 0.395 1.963 0496 4.504| 85 0.465 2382 0513 4.568| 135 0.333 2455 0.511 3.750
36 0435 2.138  0.524 4.774] 86 0369 2.326 0.499 4.658| 136 0.523  2.550 0.480 3.910
37 0433  2.158 0.535 4.756| 87 0365 2.369 0.505 4.658| 137 0.520  2.552  0.479 3.904
38 0433 2.164 0535 4.782| 88 0.366 2323 0.501 4.657| 138 0.525 2.552 0.481 3.906
39 0.437 2.189 0.534 4.747| 89 0.366 2327 0.495 4.655| 139 0.524  2.549 0.480 3.911
40 0433 2.189 0.532 4.802| 90 0.366 2313 0.499 4.631| 140 0.525 2.548 0.485 3.905
41 0.415 2.063 0.535 4.220| 91 0457 2547 0.522 3.991| 141 0.300 2.575 0476 4.110
42 0.419 2.047 0530 4.272| 92 0.456 2538 0.526 4.024| 142 0.302 2.574 0475 4.110
43 0417 2.082 0.534 4.317| 93 0454 2523 0.525 3.982| 143 0.302 2.575 0477 4.081
44 0418 2.078 0.534 4.269| 94 0452 2507 0.528 3.952| 144 0.301 2.572 0472 4.055
45 0413  2.024 0.531 4279 95 0454 2569 0.523 3.985| 145 0.302 2.574 0471 4.101
46 0.464 2287 0551 3.896] 96 0.354 2388 0.490 4.186|&H/MH  0.260 1.930  0.454 3.533
47 0465 2285 0.550 3.862| 97 0353 2.371 0.494 4218|HKfE 0568 2575 0.593 4.886
48 0.464 2287 0552 3.883| 98 0.354 2384 0.496 4214|°VH{E 0410 2276 0.512 4.245

49 0464 2242 0557 3914f 99 0358 2.358 0.493 4214

50 0469 2204 0559 3917|100 0358 2.318 0.509 4.186
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Table 2 Data of verification set sample for quality control

R 2 ENEEMABUTIEIRQN R

indexes
5o A% | Jﬁiﬁj\ﬁ/(mg-gf) i
WakiR SRR RS Y%
1 (E¥3%0 75 110 0451 2254 0484 4.254
2 75 1.02 0480 2273 0534 4953
3 90 1.04 0254 1672 0434 3011
4 (EWB%H0 75 110 0453 2234 0513 4192
5 90 116 0221 2053 0352 2.954
6 60 1.04 0500 2342 0553 5153
7 75 118 0354 1.801 0424 3452
8 (EWZ¥) 75 110 0453 2221 049 4.223
9 EWZ%0 75 110 0444 2242 0501 4.284
10 (E#ZBH0 75 110 0454 2213 0474 4244
11 54 110 0553 2.653 0553 3.435
12 9 110 0252 1744 0443 2.463
13 60 110 0531 2554 0506 4.413
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X is the average of content R isthe average of range MR isthe average of moving range, same as below
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Fig. 1 1-MR-R control charts of neochlorogenic, chlorogenic acid, cryptochlorogenic acid, and solid content
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Table 3 [Evaluation of process capability indexes
g g RHEAH BRI P
1 A++2% Cpx=2.00 AR AL L8 AR BRAR
2 A+2 2.00=Cp=>1.67 e IVAE=IVS S
3 A% 1.67=Cp=>1.33 K e R, WRSTE, BTN A+
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5 C% 1.00= Cp =0.67 % W H A
6 D % Crx=<<0.67 TR B H R ORI
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Table 4 Process capability control results of neochlorogenic,

chlorogenic acid, cryptochlorogenic acid, and solid content
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a2k R R A% 1.54 =]

It 54 B % 1.65 R
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R Shewhart 2 il [l #2 Hil BR #) LCL #1 UCL 43 51 A i
SR JRR 0.279.0.541 mg/g, £k IR IR 1.941.2.610 mg/g,
BaZk IR IR 0.453.0.570 mg/g, [E 54 3.565%+4.925%.
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UB is upper limit release LB is low limit release, X is the average of content, same as below
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Fig. 2 Shewhart control chart of neochlorogenic, chlorogenic acid, cryptochlorogenic acid, and solid content
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