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ABSTRACT: OBJECTIVE  To measure the changeable contents of multi-indicators in Danhong injection alcohol 

precipitation process, including danshensu, protocatechualdehyde, rosmarinic acid, salvianolic acid B and ethanol concentration 

by online near-infrared(NIR) spectroscopy analysis technique. METHODS  HPLC and gas chromatography acquired the data 

of former four index components and ethanol concentration, respectively. Partial least squares regression (PLSR) was introduced 

to establish the multi-component models for online monitoring alcohol precipitation process of Danhong injection. RESULTS  

The residual predictive deviation(RPD) values of danshensu, protocatechualdehyde, rosmarinic acid, salvianolic acid B and 

ethanol concentration models were 5.72%, 7.46%, 8.44%, 4.41% and 5.50%, respectively; the values of correlation coefficient(R

2

) 

were 0.969 5, 0.982 0, 0.985 9, 0.948 4 and 0.967 0, respectively; the relative standart error(RSEP) values of validation sets were 

5.35%, 7.59%, 6.42%, 4.51% and 2.30%, respectively. CONCLUSION  NIR can be used as an online analytical method in 

Danhong injection alcohol precipitation process. 
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Fig. 1  Schematic of alcohol precipitation process of 

Danhong injection 
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Tab. 1  The regression equation, correlation coefficient and 

linear range of four index components 

���� ���� R
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 ����/µg·mL

−1
 

��� 

Y=3.241x−1.152 1.000 0 9.84~147.6 

���  

Y=22.697x−2.542 1.000 0 1.13~22.68 

!"#$ 

Y=8.554x−1.459 1.000 0 4.83~57.98 

�%$ B 

Y=5.984x−64.335 0.999 8 52.80~105 6 
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Tab. 2  Sample recovery rate test of alcohol precipitation of 

Danhong injection 

�� 

&'()/ 

mg 

*+)/ 

mg 

,-)/ 

mg 

�.// 

% 

01�2

.//% 

RSD/ 
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0.022 1 0.022 3 0.044 6 101.1 

0.022 1 0.022 3 0.044 4 100.2 

0.022 1 0.022 3 0.044 4 100.2 

0.022 1 0.022 3 0.044 6 100.9 

0.022 1 0.022 3 0.044 3  99.6 

���2

0.022 1 0.022 3 0.044 5 100.4 

100.4 0.56 

0.005 9 0.012 7 0.018 9 103.3 

0.005 9 0.012 7 0.018 9 102.8 

0.005 9 0.012 7 0.018 9 102.9 

0.005 9 0.012 7 0.018 9 102.9 

0.005 9 0.012 7 0.018 8 102.2 

��� 2

0.005 9 0.012 7 0.018 9 103.2 

102.9 0.36 

0.015 6 0.015 3 0.030 6  98.3 

0.015 6 0.015 3 0.030 5  97.7 

0.015 6 0.015 3 0.030 4  97.2 

0.015 6 0.015 3 0.030 5  97.8 

0.015 6 0.015 3 0.030 2  95.6 

!"#$2

0.015 6 0.015 3 0.030 4  97.3 

 97.3 0.96 

0.182 3 0.180 1 0.360 1  98.8 

0.182 3 0.180 1 0.359 7  98.5 

0.182 3 0.180 1 0.359 7  98.5 

0.182 3 0.180 1 0.360 6  99.0 

0.182 3 0.180 1 0.358 4  97.8 

�%$ B 

0.182 3 0.180 1 0.359 5  98.4 

 98.5 0.42 
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Tab. 3  The concentration of five index components in 

different batches alcohol precipitation of Danhong injection 

34/ mg·mL

−1
 

56 

��� ���  !"#$ �%$ B 

7834/% 

110931 1.153 3 0.173 4 0.425 1 4.159 4 81.679 8 

110932 1.078 5 0.158 6 0.395 6 3.692 3 81.982 0 

110933 0.979 0 0.170 8 0.415 1 3.615 0 82.009 1 

110934 1.057 1 0.180 2 0.437 9 3.428 3 82.531 7 

110935 1.050 0 0.176 8 0.441 0 3.359 8 82.273 9 
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Fig. 2  Diagram of sample leverage value and students’ residual 
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Tab. 4  The influence of different preprocessing methods on the evaluation of Salvianolic acid B model 
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RMSEC RMSECV R

2

 RPD RSEC/% Factor 

=>?9:; 0.193 0.357 93.86 4.04 6.42 7 

@AB)CD 0.164 0.341 94.41 4.23 6.13 7 

EFGHI� 0.183 0.327 94.84 4.41 5.89 6 

J)�GK 0.18 0.352 94.03 4.09 6.34 6 

GL
M 0.416 0.484 88.73 2.98 8.71 3 

NL
M 0.457 0.84 66.03 1.72 15.12 7 

GL
M+EFGHI� 0.452 0.497 88.11 2.9 8.94 2 

GL
M+J)�GK 0.311 0.474 89.17 3.05 8.53 6 
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Fig. 3  The raw NIR spectra of alcohol (A) and correlogram 

of 1st derivative spectral and ethanol concentration (B) 
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Fig. 4  The principal component scores of calibration set 

and validation set  

○−calibration set; +−validation set; A−the first sample; B−the second 
sample. 
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Tab. 5  The performance evaluation parameters of the index 

component PLSR model (calibration set) 

���� Factor R

2

 RMSEC RSEC(%) RMSECV RPD 

��� 2 96.95 0.046 4 3.90 0.057 2 5.72 

���  2 98.20 0.005 5 2.75 0.006 4 7.46 

!"#$ 2 98.59 0.012 5 2.42 0.014 0 8.44 

�%$ B 6 94.84 0.327 5.89 0.327 0 4.41 

7834 2 96.70 0.567 0.77 0.606 0 5.50 
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Fig. 5  Chart of danshensu predicted by NIR compared with 

actual values in different batches of calibration sets 
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