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Multi-index optimization of alcohol extraction and water precipitation processes
of Shenmai Injection based on quality by design concept
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Abstract: Objective The alcohol extraction and water precipitation processes of Shenmai Injection were optimized based on quality
by design (QbD) concept and satisfaction algorithm. Methods Hazard and operational analysis method was applied to conduct risk
assessment of various process parameters in alcohol extraction and water precipitation processes of Shenmai Injection. Ethanol
concentration, extraction time and alcohol-material ratio were selected as the critical process parameters of alcohol extraction, and the
material pH, temperature and time were selected as the critical process parameters of water precipitation. A multiple linear regression
model of critical process parameters and critical quality attributes were established by using Box-Behnken design. A design space was
delineated according to the level of each index. Finally, the optimum operating condition was determined by the multi-index
optimization algorithm. Results Within the scope of the design space, when the alcohol concentration was 89.0%, the extraction time
was 110 min, the alcohol-material ratio was 2.99, the desirability function of alcohol extraction of 0.722 was the best. When the
material pH was about 4, the time was 40 h, the temperature was 2.0 ‘C, the desirability function of water precipitation of 0.995 was the
best. When the material pH was about 5, the time was 35 h, the temperature was 2.0 “C, the desirability function of water precipitation
of 0.999 was the best. Conclusion The optimal conditions were determined based on QbD and satisfaction algorithm were conducive
to ensuring the product quality and reducing the cost of production. This study has reference value for the guidance of pharmaceutical
process research and actual industrial production.
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Fig. 1 Fishbone diagram of process parameters for water precipitation processes of Shenmai Injection
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*1 BEIFRKTIZE HAZOP KT
Table 1 HAZOP risk assessment of water precipitation process of Shenmai Injection
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Table 2 Parameters and levels of Box-Behnken experiment
design for ethanol extraction process of Shenmai Injection
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#z 3 BTIHHRZLEFIRIZ Box-Behnken LRI RER
Table 3 Experimental condition and results of Box-Behnken experiments for ethanol extraction process of Shenmai Injection

g T 2% febrit th B /(mg gt 45#1) fabrie B/ (ng-g L 25M)
N CEE% PR TE/min EERLLE/(mL-g) SR SUEE AR R L RRH HA KB
1 85 100 3.0 92.62 32.83 5.00 3.40 38.28 55.72 44.02
2 95 100 3.0 19.73 9.55 1.65 0.70 6.38 56.81 46.54
3 85 140 3.0 117.45  42.87 6.14 2.96 59.13 55.63 43.45
4 95 140 3.0 2021  10.69 271 0.85 7.01 53.75 44.60
5 85 120 25 102.43  29.76 5.84 4.59 46.98 49.24 38.25
6 95 120 25 19.98 9.58 1.47 0.67 6.73 57.74 49.45
7 85 120 35 98.47 32.70 5.40 3.05 41.34 58.86 46.15
8 95 120 35 2381 12.72 1.93 0.98 7.18 56.75 46.23
9 90 100 25 42.62 1831 281 1.00 12.59 59.62 49.01
10 90 140 25 56.94 23.35 4.28 1.50 22.94 56.78 46.18
11 90 100 35 54.25 24.25 431 1.26 16.05 56.01 43.63
12 90 140 35 51.55  23.19 3.72 1.67 15.68 55.99 44.83
13 90 120 3.0 40.43 18.78 211 1.42 12.38 64.85 52.61
14 90 120 3.0 55.57 25.01 5.10 1.83 17.44 58.32 45.47
15 90 120 3.0 55.06 26.36 3.83 0.87 17.68 59.77 48.14
16 90 120 3.0 4754  20.75 3.22 0.88 14.53 53.51 44.14
17 90 120 3.0 5571  24.19 4.00 1.38 18.55 63.89 49.45
R4 BEIHRELERIZEEFRENGESH
Table 4 Analysis of variance of index models for ethanol extraction process of Shenmai Injection
WiH L[ Ak GiEaki JFEWE M B A A B
W 1.694(0.000) 2.502(0.000)  2.537 (0.000)  1.166 (0.000)  1.051(0.000) 16.286 (0.000) 14.926 (0.000)
X1 —1.358 (0.000) —1.321(0.000) —1.241 (0.000) -1.200 (0.000) —1.266 (0.000) — —
X2 0.153 (0.061) — — — 0.250 (0.004) — —
X3 — — — — — — —
X1? 0.358 (0.084) — — 0.745(0.001)  0.652 (0.000) — —
XiX2  —0.202 (0.087) — — — —0.322 (0.007) — —
X1Xs — — — 0.412 (0.032) — — —
r2 0.977 0.872 0.770 0.914 0.974 0.487 0.585

Fi5 N 1B R B R P A
The corresponding P values of each regression coefficient are in brackets
(P>0.10), same as Table 7
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W& SRR B, BRI A T AR R 2
Gy IR/, T REJE R B R S BO i,

“=7 ARFRZE TR AEE (Rl P=0.10), £7H
“— represent that the influence of this factor on the model is not significant

RIXT BRI LA o X X5 ] A 472 )
IR R RBOVIEAE, WWIBEESRIDUN [E e, =4
H 5 2 [ R M, T RE PR DR R B o 4R HU TR S
2 K TOFUKIERN D TR, B IR AE TR
R ) Xa 0 - TR bR 250 TC B AR AR 35 R,
WIAESERRA ™ i, SR 22400 TR N A R
() I PR 75 SRR /N T 2 AT s B o et
MTHELZLSREEASBIE, 3N LESH
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Fig. 2 Design spaces for ethanol extraction process of Shenmai Injection

26 SEEFHRKTIZML

26.1 Ui ZEEHBAKITTZE Box-
Behnken IR BCTHIEE MoK WA 5, SEB i
LRI 6.

2.6.2 JKULTZ CPP Al CQA Z I [al A5 Y [ 7.
KT L ZREAEREKY], NS 21 Roi. Re. Rff
WA, 1 AZ 21 Rbi. Re. Rbz. Rd 7E7K
PO R RO . X R H T AZ 21 Row. Re.
RE V=R ASEH, ks, KEELE, mAZS
B Rbi. Re. Rbpy Rd AWM AZ B, KR
NIKIETEEE =R NS R, AR DT RE IR
Bz, SFELEBHRERER. Bk, &A%
ANZHEH Rbiv Rc. Rby. Rd £ /KIT L Z G HIfR
*5 BFFEHRKTIZ Box-Behnken SIS IR E R
K

Table 5 Parameters and levels of Box-Behnken experiment
design for water precipitation process of Shenmai Injection
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B, BUREAEKR: Xe WX REONIEME, BiHIkE
EFERRBENYER, CHEEASEHRERS
A5, EVE LR, W ERAE KT IR
5 NS RE IR EE A I .
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Table 6 Experiment condition and results of Box-Behnken experiments for water precipitation process of Shenmai Injection

*x 6 BEIHFIRKITIZ Box-Behnken L3G& 1+ K 45K

T4 NS RBHEH LR ER%
Elryyrs \ ep—— 18 5 22 B /%
HEARpHE FHESEM BEREE/IC Rl Re Rf Rbi  Rc Rb

1 2.8 18 3 98.73 98.31 97.42 90.62 89.64 89.63 85.01 22.23

2 6.8 18 3 96.92 97.07 93.85 77.64 7329 69.99 8194 24.47

3 2.8 50 3 99.24 98.65 98.21 87.11 85.61 85.48 78.88 32.44

4 6.8 50 3 95.87 96.52 92.63 65.57 59.10 54.08 71.28 44.53

5 2.8 34 1 99.05 99.66 98.93 92.79 91.87 91.81 88.10 21.81

6 6.8 34 1 91.84 96.62 88.27 63.69 58.12 53.82 68.50 44.19

7 2.8 34 5 99.79 99.83 99.91 98.91 98.89 98.83 99.05 4.85

8 6.8 34 5 98.97 99.15 9858 93.64 9246 9140 95.34 4.79

9 4.8 18 1 95.54 9491 91.18 64.43 58.06 52.77 67.26 61.70
10 4.8 50 1 94.09 93.37 89.37 50.26 41.30 34.66 52.91 98.07
1 4.8 18 5 97.47 97.90 96.34 88.08 85.83 83.77 90.46 22.01
12 4.8 50 5 98.20 98.92 96.79 83.67 80.25 76.94 86.78 30.26
13 4.8 34 3 96.64 96.12 89.52 65.11 58.10 52.67 69.15 64.65
14 4.8 34 3 96.20 95.62 87.39 60.90 53.03 47.60 64.27 76.19
15 4.8 34 3 96.04 95.49 86.98 59.07 50.74 44.92 62.62 79.59
16 4.8 34 3 96.04 95.47 87.56 60.22 52.35 46.74 63.73 77.74
17 4.8 34 3 96.20 95.70 88.14 62.16 54.41 48.61 66.42 68.15

Fx7 SEIFRKRTIZEEERNGES
Table 7 Analysis of variance of index models for water precipitation process of Shenmai Injection

HiH MEHR 25 B Rb1 fR B % Rc fRE % Rba {R B % Rd R E %
Ciss 2.522 (0.000) 4.061 (0.000) 2.975 (0.000) 2.372 (0.000) 4.946 (0.000)
Xa 0.114 (0.189) —0.398 (0.000) —0.400 (0.000) —0.412 (0.000) —0.227 (0.007)
Xs 0.234 (0.016) —0.197 (0.007) —0.195 (0.008) —0.192 (0.008) —0.233 (0.006)
X —0.512 (0.000) 0.538 (0.000) 0.521 (0.000) 0.504 (0.000) 0.634 (0.000)
X4? —0.677 (0.000) 0.564 (0.000) 0.576 (0.000) 0.589 (0.000) 0.519 (0.000)
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