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Prediction of Anthocyanin Content in Red Radish
Using Colorimetry and Machine Learning
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Abstract: To rapidly determine anthocyanin content in red radish (Raphanus sativus L.) and improve raw material screen-
ing efficiency for pigment production, color parameters (L", a*, b", C", and H') were measured at different positions on red
radish using a colorimeter. Ultra-performance liquid chromatography-mass spectrometry was employed to analyze content
of individual anthocyanin. A significant positive correlation was observed between a” values and anthocyanin contents. Linear
regression models based on a” values achieved a 68.4% prediction accuracy for total anthocyanin content and from 28.9%
to 52.6% for major individual anthocyanins. Eight machine learning algorithms were employed to optimize the color para-
meter-based prediction model of anthocyanin content. The Lasso regression model demonstrated strong predictive perfor-
mance for total anthocyanin content, achieving a prediction accuracy of 87.5%. The Decision Tree regression model
achieved prediction accuracies of 75% for both pelargonidin-3-(feruloyl)diglucoside-5-(malonyl)glucoside and pelargoni-
din-3-(caffeoyl)diglucoside-5-glucoside, indicating its effectiveness in estimating specific anthocyanin compounds. Collec-
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tively, these findings indicate that combining colorimetric measurement with machine learning enables rapid prediction of

anthocyanin content, which is conducive to raw material selection in red radish pigment production.

Key words: red radish; anthocyanins; machine learning; color; content prediction
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Fig.1 Images of appearance and profile of red radish
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Table 1 Color data of different red radish samples

EINE 253 L a b c H
B-1-A-1 32.3242.72 16.64+2.13 —0.31+£0.9 16.66+2.15 —0.91+2.88
B-1-B-1 33.09+2.73 17.01£1.6 —1.17+0.84 17.07+1.6 —3.97+2.78
B-2-A-1 42.47£10.59 9.05£3.68 0.91£1.51 9.314£3.37 10.31£15.44
B-2-B-1 38.72+7.43 14.03£2.83 —0.8£1.12 14.1£2.82 —2.86+5.1
B-3-A-1 36.03+4.78 12.7£3.44 —2.47+2.87 13.2543.32 —10.79+13.15
B-3-B-1 37.13£6.18 14.26+1.89 —2.4+1.39 14.51£1.97 -9.33+5.11
B-4-A-1 32274232 15.35+2.85 —1.55+1.4 15.494+2.81 —4.93+6.76
B-4-B-1 32.8842.02 16.0142.43 —2.06+0.82 16.15£2.46 —7.24+2.73
B-5-A-1 35.96+2.9 18.72+1.95 —2.12+0.72 18.85+1.98 —6.45+1.95
B-5-B-1 33.154£5.11 17.964+2.18 —1.91+1.18 18.09+£2.22 —-5.92+3.59
B-6-A-1 38.12+8.07 13.77+2.21 —0.87+0.57 13.81+2.21 —3.59+2.32
B-6-B-1 34.1745.51 14.944+1.62 —1.42+0.85 15.02+£1.65 -5.33+3.01
M-1-A-1 34.26+2.69 16.17+2.94 —0.72+1.16 16.2242.93 —2.71+4.12
M-1-B-1 31.52+1.41 17.7741.53 0.34+0.82 17.79+£1.51 1.25+2.85
M-2-A-1 30.01+£2.19 14.82+1.07 0.37+0.84 14.85+£1.07 1.46+3.26
M-2-B-1 30.08+1.13 14.61+1.64 0.35+0.68 14.63+£1.62 1.49+2.85
M-3-A-1 28.59+1.32 12.47+1.55 —0.64+0.83 12.5£1.58 —2.6+3.68
M-3-B-1  29.3+0.93 13.63+1.53 —1.11+0.61 13.69+1.54 —4.56+2.51
M-4-A-1 36.92+6.21 11.22+4.47 —1.12+1.61 11.36+4.53 —4.58+7.66
M-4-B-1 38.42+4.67 8.844.2 —0.49+1.34 891+4.19 —0.1+11.13
M-5-A-1  32.79+£2  18.63+1.3 —1.09+0.56 18.67+1.31 —3.34+1.6
M-5-B-1 35.13£3.45 17.9442.37 —1.64+0.82 18.03£2.38 —5.23+£2.5
S-1-A-1  36.41+6.1 11.25+3.63 —0.16£1.91 11.44+3.47 2.1+13.25
S-1-B-1  38.71£5.17 11.2143.44 —0.57+1.02 11.26+3.47 —1.97+4.86
S-2-A-1 38.33+3.89 8.04+4.58 —0.63+1.51 8.17#4.61  0.2+12.55
S-2-B-1 38.48+4.97 7.9944.64 —0.49+1.69 8.17+4.61 3.56+16.87
S-3-A-1 32.59+3.36 10.8+3.99 —2.2+1.58 11.07+4.16 —10.89+5.24
S-3-B-1  32.35£2.87 10.2344.38 —1.73+1.17 10.4+4.48 —8.29+5.43
Y-1-A-1 30.724£1.66 12.57+1.74 —0.97+0.67 12.62+1.76 —4.11+2.96
Y-1-B-1 30.28+1.56 11.94+1.75 —0.68+£0.65 11.98+1.75 —3.28+3.03
Y-2-A-1 30.354£2.04 15.1+1.59 —1.41+0.74 15.17£1.63 —5.24+2.54
Y-2-B-1 30.1£1.69 14.39+1.81 —1.86+0.67 14.52+1.82 —7.36+2.51
Y-3-A-1 28.5%1.62 14.47+£2.39 —0.86+0.55 14.5142.4 —3.24+2.03
Y-3-B-1 29.05+1.54 13.3443.26 —0.73+1.17 13.39+£3.32 —2.294+4.3
Y-4-A-1 28.19+£1.06 14.42+1.15 —1.13+1.19 14.5+1.24 —4.23+4.28
Y-4-B-1 29.61£1.24 16.94+1.26 —0.98+0.87 16.99+1.24 —3.34+3.13
Y-5-A-1 35.02+2.8 17.27+1.35 —2.08+0.45 17.4+1.32 —6.92+1.75
Y-5-B-1 35.01+£5.54 16.3242.08 —1.69+1.32 16.45+£2.15 —5.68+4.24
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Fig.2 Score plots of PCA for color data of different red
radish samples
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Fig.3 Content of individual anthocyanins in red radish was determined by UHPLC-QqQ-MS/MS
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Fig.5 Model constructed using a linear regression equation
and the color parameters of radish employed
to predict the anthocyanin content
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Fig.6 Four machine learning models with the best prediction effect on anthocyanin content on the validation set
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