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Rapid detection of authenticity and adulteration of bear bile powder
by FTIR spectroscopy combined with chemometrics
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Abstract: To establish a rapid quality evaluation method of bear bile powder,infrared spectroscopy was introduced to distin-
guish bear bile powder from its counterfeits and adulterants. In addition, the adulterated proportion was predicted by infrared
spectroscopy combined with chemometrics. Infrared spectra of 94 batches of bear bile powder,70 batches of its counterfeits
(pig bile powder,cow bile powder, goat bile powder, rabbit bile powder, chicken bile powder,duck bile powder and goose bile
powder) and 180 batches of its adulterants (bear bile powder adulterated with pig bile powder,bear bile powder adulterated
with cow bile powder) were collected. Orthogonal partial least squares discriminant analysis (OPLS-DA) was used to estab-
lish the qualitative correction models of bear bile powder, its counterfeits and adulterants. Partial least squares regression
(PLSR) was used to establish the quantitative correction models of adulterated proportions of different kinds of adulterants.
The accuracy of the qualitative correction model for bear bile powder,its counterfeits and adulterants was 99.64% ( calibra-
tion set) and 95.65% (verification set) ,respectively. According to further discriminant analysis ,the category of the counter-
feit and adulterated bear bile powder could be identified with an accuracy greater than 95% . In the two quantitative correction
models , the correlation coefficients of the validation set (R?) and the root mean square error of prediction (RMSEP) were
0.987 4,2.630 0% (bear bile powder adulterated with pig bile powder) and 0.982 6,3. 188 7% ( bear bile powder adulter-

ated with cow bile powder) ,respectively. The three qualitative models and two quantitative models all showed excellent pre-
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dictive ability. The method of infrared spectroscopy combined with chemometrics established in this study can realize the rapid

identification of bear bile powder,its counterfeits and adulterants as well as the determination of adulterated proportion. It also

provides a meaningful reference for quality control and evaluation of bear bile powder.

Key words :infrared spectroscopy ; bear bile powder ; authenticity ; adulteration ; orthogonal partial least squares discriminant a-

nalysis (OPLS-DA) ;partial least squares regression ( PLSR)
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Fig. 1

Infrared spectra of bear bile powder and its counterfeits

TE: AL BRIEEY s B AEAEY s C. 2R IE0RS s D. SRRy s E. SR s F. IS AR ; G. WO HEEY s H. REHHAY . Note: A. Bear bile powder; B. Pig bile powder;
C. Cattle bile powder;D. Goat bile powder. E. Rabbit bile powder;F. Chicken bile powder;G. Duck bile powder;H. Goose bile powder.
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Table 1

Performance of OPLS-DA model of bear bile powder,adulterated bear bile powder and its

counterfeits samples established by different spectral pretreatment methods

PR AR UE K IESE Evanie s
N Internal validation Calibration set Validation set
ALk
Pretreatment method ) X ) .
R 0 LBl HiRTES LA iTHES
Proportion Accuracy (%) Proportion Accuracy (%)

None 0.783 0.763 270/275 98.18 60/69 86.96
SNV 0.784 0.770 268/275 97.45 59/69 85.50
Ist D 0.792 0.760 270/275 98.18 63/69 91.30
SNV + 1st D 0.782 0.745 268/275 97.45 60/69 86.96
2nd D 0.852 0.802 272/275 98.91 65/69 94.20
SNV + 2nd D 0.863 0.812 2747275 99. 64 66/69 95.65

TE : None : JEUR G 1G22 H S FELAG I L1 TiAb B

Note ; None means that the original spectra only pretreated with baseline and SG-Smoothing.
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Fig. 2 OPLS-DA score plots of bear bile powder, counterfeits and adulterants
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Fig. 3 OPLS-DA score plots of different kinds of counterfeits
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Table 2 Performance of PLSR model of different types of adulterated bear bile powder established by best spectral pretreatment method
eSS b I %
BRI i R S RMSEC ~ RMSECV ) RMSEP
Adulteration Pretreatment . Vv RPD
Factor number (%) (%) (%)
category method
Bk None 2 0.9690 4.6505 5.1942 0.9774 3.5105 6.86
Adulterated with pig bile powder
SNV 1 0.967 1 4.792 8 5.090 5 0.982 5 3.090 5 7.79
1st D 3 0.9713 4.476 8 4.978 8 0.957 5 4.820 4 4.99
SNV + 1st D 2 0.9752 4.160 2 4.4350 0.987 4 2.6300 9.15
2nd D 3 0.954 1 5.662 1 6.191 0 0.910 1 7.014 9 3.43
SNV + 2nd D 3 0.966 4 4.8459 5.396 9 0.9753 3.678 0 6.54
B thF ok
Adulterated with cattle bile powder None 3 0.978 9 3.816 6 4.234 5 0.9715 4.074 8 6.10
SNV 2 0.974 1 4.2310 4.6529 0.966 3 4.4319 5.61
1st D 2 0.9853 3.1820 3.404 2 0.970 1 4.1759 5.96
SNV + 1st D 1 0.972 2 4.3772 4.746 5 0.965 8 4.467 8 5.56
2nd D 2 0.979 4 3.774 8 4.035 1 0.968 7 4.2713 5.82
SNV + 2nd D 2 0.985 4 3.169 5 3.3347 0.982 6 3.188 7 7.80

TE : None : J5UR IS 28 H S ZELACIE M F U UL B

Note ; None means that the original spectra only pretreated with baseline and SG-Smoothing.
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cattle bile powder.
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Fig. 6 Predicted values and actual values of adulteration proportion prediction models of bear bile powder

VE A, REHAS BN IEAS ; B. BENEK B4 IH#S . Note: A. bear bile powder adulterated with pig bile powder;B. bear bile powder adulterated with

cattle bile powder.
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Table 3 Prediction results of samples in external validation set

1 \ HIHUE ﬂifﬂlﬂ{ﬁ i *Ex.ﬁﬁjzif; ﬁifﬂ]ﬂl”lﬂﬁ(% qz.ﬁjlﬂlﬂﬁi%ﬁ
Adultonaton eategory ctual value  Predicted value PR Relative value Predicted recovery Average recovery
(%) (%) (%) (%) (%)
T, 79.28 77.19 ~2.09 2.64 97.36 104. 81
Adulterated with pig bile powder 62.04 63.75 1.71 2.76 102.76
44.23 47.44 3.21 7.28 107.26
38. 14 40.84 2.7 7.08 107.08
\ 26.95 29.54 2.59 9.61 109. 61
23, ¥
Adulterate d%fﬁfi%f’bﬂe powder 78.95 76.01 ~2.94 3.72 96.28 100. 11
56.82 54.07 ~2.75 4.84 95.16
49.48 48.24 ~1.24 2.51 97.49
36.54 37.54 1 2.74 102.74
28.07 30.56 2.49 8.87 108. 87
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