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Abstract: Objective To establish an online moisture detection method for the honey refining procedure of traditional Chinese
medicine manufacturing at a stable pilot production scale, improving the uniformity of refined honey. Methods A bypass external
circulation strategy was adopted to construct online near-infrared spectroscopy (NIRS) measurement equipment for the pilot-scale

refining process, and a method for online detection of moisture during the decompressed honey refining process using NIRS was
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developed. The grey correlation degree was introduced as the performance evaluation index of the NIRS online detection model, and
a system optimization strategy was adopted to optimize the spectral preprocessing method, modeling bands, and multivariate correction
algorithm. Results The variations between batches of the refining materials were found to be a key factor affecting the model
prediction performance, and optimization of the modeling bands and multivariate correction algorithm could reduce the impact of the
variations between batches of the refining materials on the model. Finally, the optimal parameters of the detection method were obtained
as follows: the spectral preprocessing method was Fourier transform, the modeling band was 1880—2040 nm, and the multivariate
correction algorithm was support vector regression. The relative deviations between the reference value and the predicted value of all
samples from the calibration set and prediction set were all less than 5.00%. Conclusion  The method had the advantages of quickness,
non-destructiveness and precision, which could be applied to monitor the dynamic change of moisture content during honey refining
and to improve the consistency of refined honey.

Key words: traditional Chinese medicine manufacturing; honey refining procedure; near infrared spectroscopy; moisture; online

detection; grey correlation relation
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Table 1 Modeling results in different spectrum pretreatments
SMIES TRAL PR J5 ¥ LVs Real® RMSEC/% Rpre? RMSEP/% RPD Fref
Y2 (n=32) Raw 2 0.9915 0.3306 0.987 4 0.8310 8.91 0.609 3
SNV 2 0.990 2 0.3550 0.983 4 0.750 6 7.76 0.583 7
FT(40) 2 0.9915 0.3316 0.987 4 0.827 6 8.91 0.609 8
WT(Haar) 2 0.992 1 0.3189 0.985 6 0.830 8 8.33 0.5619
Y3 (n=24) Raw 3 0.986 8 0.3430 0.977 1 1.130 4 6.61 0.663 9
SNV 3 0.9855 0.360 3 0.976 1 1.074 9 6.47 0.664 2
FT(40) 3 0.986 8 0.3432 0.977 3 1.1230 6.64 0.666 8
WT(Haar) 3 0.986 8 0.3439 0.983 6 1.128 2 7.81 0.658 8
Y4 (n=23) Raw 2 0.977 6 0.350 7 0.991 2 0.978 0 10.66 0.613 5
SG+1D 3 0.991 1 0.2217 0.976 4 1.030 2 6.51 0.570 7
FT(40) 2 0.977 6 0.3514 0.991 3 0.975 4 10.72 0.6156
WT(Haar) 2 0.979 1 0.3393 0.990 2 0.809 4 10.10 0.605 1
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Fig. 3 Optimization results of variable selection methods
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Table 2 Performance evaluation results of model after modeling band optimization

SRS Ak i LVs Real® RMSEC/% Rore® RMSEP/% RPD Fref
Y2 (n=32) IR AT 2 0.990 2 0.3553 0.976 8 0.763 5 6.56 0.567 7
2DCOS 2 0.990 2 0.3549 0.976 6 0.762 0 6.54 0.566 0
VIP 2 0.989 7 0.363 1 0.979 3 0.749 9 6.95 0.5822
MWPLS 2 0.990 9 0.343 0 0.9839 0.886 1 7.88 0.588 5
IPLS 2 0.990 8 0.343 9 0.987 6 0.8595 8.98 0.656 1
Y3 (n=24) IR BT 2 0.978 6 0.436 9 0.983 1 0.5512 7.69 0.716 4
2DCOS 2 0.978 6 0.4375 0.983 1 0.4156 7.69 0.716 0
VIP 2 0.978 9 0.434 1 0.984 4 0.536 8 8.01 0.7327
MWPLS 2 0.983 7 0.3819 0.966 2 1.1728 5.44 0.6177
IPLS 2 0.979 1 0.4324 0.9823 0.7119 7.52 0.705 2
Y4 (n=23) IR BT 2 0.976 8 0.357 4 0.988 0 0.965 9 9.13 0.5519
2DCOS 2 0.976 2 0.3616 0.9875 0.948 8 8.94 0.550 4
VIP 2 0.977 8 0.349 3 0.986 9 0.923 4 8.74 0.537 4
MWPLS 2 0.9750 0.370 9 0.994 4 0.974 4 13.36 0.705 9
IPLS 2 0.966 1 0.4317 0.994 6 0.728 0 13.60 0.761 8
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Table 3 Modeling results in different multivariate correction algorithms
SMIES R IE S Real? RMSEC/% Rpre? RMSEP/% RPD Fref
Y2 (n=32) PLS 0.989 7 0.363 1 0.979 3 0.749 9 6.95 0.569 2
PCR 0.983 6 0.463 3 0.9850 0.880 7 8.16 0.662 4
SVR 0.989 5 0.402 7 0.9849 0.680 0 8.14 0.608 5
Y3 (n=24) PLS 0.978 9 0.434 1 0.984 4 0.536 8 8.01 0.680 6
PCR 0.963 8 0.579 4 0.9753 0.597 6 6.36 0.646 7
SVR 0.983 8 0.392 8 0.9858 0.717 3 8.39 0.697 4
Y4 (n=23) PLS 0.977 8 0.349 3 0.986 9 0.923 4 8.74 0.5374
PCR 0.9527 0.5229 0.9957 0.745 7 15.25 0.818 8
SVR 0.978 3 0.3557 0.992 1 1.040 3 11.25 0.6321
ol w g sy %i,ﬂﬁiii%ﬁ%fﬁ&bﬁﬂ,i%i%%&E%ﬁ%ﬁi*ﬂﬂkéﬁﬁttiiE,
L s LA AL 112 Seor B T 45 S A 2%
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moisture and predicted value of NIRS model during honey

decompression refining procedure
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