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indicating all the models were suitable for industrial
application. The RSEP values were sorted in ascending
order as follows: NCA, CCA, CA, SSC, ICAB, ICAC
and ICAA. Obviously, NCA model with an RSEP value
of 2.32% displayed the best predictive ability, although
its content was lower than 0.6 mg/ml in the extract
solution. However, ICAA model with an RSEP value of
7.29% showed maximum predictive errors, although its
high content ranged from 0.1 mg/ml to 1.5 mg/ml. The
possible reason is the NIR absorption peaks are more
representative of NCA than ICAA, although they have
similar chemical structures. The predictive accuracy may
be not only associated with the content of analyte, but
also depend on the linkage between the chemical structure
and the characteristic absorption. And the similar chemical
structures probably cause multicollinearity,? which brings
about the decline of predictive ability.

Figure 6 shows the concentration (content) regression
trends predicted by on-line NIR and measured by reference
assays. It has to be mentioned that the curves of NCA, CA,
CCA and SSC showed good linear relationship and small
deviations between measured values and predicted values.
However, the curves of ICAB, ICAA and ICAC showed
high predictive errors, which were consistent with the high
RSEP values in Table 3. Overall, the predictive ability of
NCA, CA, CCA models were slightly better than that of
ICAB, ICAA and ICAC models.

CONCLUSION

A NIR spectroscopy method was developed to
monitor liquid-liquid extraction of JQ by predicting the
content of NCA, CA, CCA, ICAB, ICAA, ICAC and SSC.
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Figure 6: Partial least squares prediction regression equations of neochlorogenic acid (a), chlorogenic acid (b), cryptochlorogenic acid (c),
isochlorogenic acid B (d), isochlorogenic acid A (e), isochlorogenic acid C (f) and soluble solid content (g) of batch 140120, scanned by in-line

near-infrared and measured by reference assays
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Table 3: Statistics of the prediction set of the
quantitative models

Prediction set

R? RMSEP RSEP %
NCA 0.9674 0.0280 2.32
CA 0.9704 0.2913 4.14
CCA 0.9641 0.0710 3.86
ICAB 0.9514 0.0590 5.65
ICAA 0.9436 0.0815 7.29
ICAC 0.9640 0.1506 6.95
SSC 0.9809 1.167 4.18

RMSEP: Root mean square errors of prediction; RSEP: Relative standard error of
prediction; NCA: Neochlorogenic acid; CA: Chlorogenic acid; CCA: Cryptochlorogenic
acid; ICAB: Isochlorogenic acid B; ICAA: Isochlorogenic acid A; ICAC: Isochlorogenic
acid C; SSC: Soluble solid content

The low RMSEP, RSEP and high R? confirmed the established
models had good predictive performance in real-time quality
control. Based on this study, NIR spectroscopy could be
extended to be applied in liquid-liquid extraction of TCM,
ensuring rapid monitoring of batch production process and
minimizing the batch-to-batch fluctuations.
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