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Fig. 1 HPLC-DAD three-dimensional chromatographic fingerprint of Chinese Cabernet Sauvignon red wine
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Table 1 Estimated number of components and rotational ambiguity assessment results
for each chromatographic segment
FRBE EREtE/min LOF /%  RY% A& ST S ZIIEIZE(E
S01 0.8~1.5 0.580 8 99. 94 5 0/0/0/0/0
S02 1.6~3.0 0.463 1 99. 86 3 3.22x107*/3.72x107° /1. 48x10™*
S03 3.0~4.0 1.900 8 99. 42 4 0/0/0/0
S04 4.0~4.4 0 99. 91 1 0
S05 5.0~5.5 2.6118 99. 48 3 4.50x107/5.31x107°/4.91x10™
806 5.5~6.3 1.130 9 99. 91 4 1.68x107°/-1. 12x1072/3. 43x107*/-2. 52x107°
S07 6.3~7.5 1.469 2 99. 87 4 1.24x107/8.52x107°/1. 34x107°/6. 59%x107°
S08 7.5~8.6 0.728 4 99. 81 4 6. 11x107%/4. 49x1072/3. 10x1072/0. 31
S09 8.8~9.4 0.593 8 99. 90 3 3.40x107*/~1.06x107°/2. 80x10™*
S10 9.4~10.3 0.675 8 99. 86 4 2.32x107°/6.29%107*/2. 73x107°/8. 39x10™*
Si11 10.7~11.2 0.4559 99.97 3 1. 17x1073/2.32x1072/-1. 40x 107
S12 14.0~14.7 0.654 1 99. 78 2 -1.67x107°/1.53x10°
S13 15.6~17.0 0.787 6 99. 90 5 -2.66x107°/2.08%x107°/9. 58x107*/-2. 06x107°/2. 40x1072
S14 17.0~18.3 0.763 8 99. 43 3 6.88x107"/5.72x107/1. 00x10™*
S15 18.9~20.0 0.8122 99.73 3 4.00x107°/2.90x107*/2. 10x1072
S16 21.1~21.5 0.958 5 99. 91 2 -3.07x1072/3. 34x107°
S17 22.2~22.8 0.342 2 99. 87 3 4.07x107/2.02x107°/7. 62x10™"
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Fig. 3 PCA 3D score plot based on MCR-ALS resolved relative concentration matrix
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Fig. 4 PLS-DA score plot based on MCR-ALS resolved relative concentration matrix
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Table 2 Results of PLS-DA model for identifying the origins of red wines
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Fig. 6 VIP-PLS-DA discriminant model score plot and 200-times permutation test plot
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Fig. 5 Results of SVM parameter optimization and classification discrimination
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Table 3 Results of SVM model for identifying the origins of red wines
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Table 4 Results of the VIP-PLS-DA model for identifying the origins of red wines
FAEITES 7 IERPIREAR  FRRVUIREAR  JUIR/ %  CPEPUIER/ % REJE R ek
QHD 10 0 100 1 1
RS YC 13 0 100 100 1 1
TP 14 0 100 1 1
QHD 0 100 1 1
RIIES YC 0 100 100 1 1
TP 0 100 1 1
3 s 2 2018.
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Geographical origin identification of Chinese Cabernet Sauvignon red wines
based on HPLC-DAD three-dimensional chromatographic fingerprinting

Z0U Hua,PAN Yuan,QIANG Haiqing, MENG Zhan, YIN Xiaoli, GU Huiwen
College of Chemistry and Environmental Engineering/College of Life Sciences ,Yangtze University , Jingzhou 434023, China

Abstract ; [ Objective ] This study aimed to advance the authenticity identification and origin traceability techniques
of wines. [ Methods ] The three-dimensional chromatographic fingerprints of 45 Cabernet Sauvignon red wines from
three famous producing regions in China ( Qinhuangdao, Yinchuan, and Turpan) were acquired using high-
performance liquid chromatography with diode array detection ( HPLC-DAD). The data were then resolved by
multivariate curve resolution-alternating least squares ( MCR-ALS). Based on the relative concentrations of the
resolved components, three machine learning algorithms—principal component analysis ( PCA), partial least
squares-discriminant analysis (PLS-DA) , and support vector machine ( SVM ) —were applied to discriminate the
geographical origins of the red wines. [ Results] A total of 56 resolved components were obtained by MCR-ALS
analysis of the three-dimensional chromatographic fingerprints. PCA score plots showed a tendency of the wines to
Both PLS-DA and SVM models achieved good classification

performance, with 100% recognition accuracy for both the training and prediction sets. Furthermore, a VIP-PLS-

cluster according to their geographical origins.

DA model based on 22 differential variables enabled accurate discrimination of the geographical origins of the wines
with 100%. [ Conclusion ] The HPLC-DAD three-dimensional chromatographic fingerprinting technique combined
with machine learning algorithms can establish a stable and reliable recognition model, and is expected to provide
objective and accurate identification of three geographical origins of Chinese Cabernet Sauvignon red wines.

Key words: Cabernet Sauvignon red wine; HPLC-DAD; three-dimensional chromatographic fingerprinting; origin

identification ;machine learning
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