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A non-destructive detection method for vitamin C content in ginseng fruit
based on hyperspectral data and ensemble learning
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Abstract; Vitamin C content serves as a crucial index for evaluating the quality of ginseng fruits. In this study, rapid
and non-destructive detection of vitamin C content in ginseng fruits was conducted by acquiring their hyperspectral data. To
effectively eliminate the impact of data noise, spectral preprocessing methods such as moving average smoothing, multivari-
ate scatter correction, first-order derivative, and least squares smoothing filter were employed. The optimal spectral prepro-
cessing method was determined by comparing the predictive performance of models built using support vector regression. Ad-

dressing the issue of dimension reduction in hyperspectral data, competitive adaptive reweighted sampling, successive pro-

jections algorithm, and light gradient boosting machine
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highly correlated with the vitamin C content in ginseng
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modeling and comparison to identify the best predictive model. The results indicated that the Stacking method exhibited the

best prediction performance, with coefficient of determination (R*) of 0.917 2, root mean square error ( RMSE) of

15. 053, and relative percent deviation ( RPD) of 3.595 3 for the validation set. This method enables rapid and accurate

prediction of vitamin C content in ginseng fruits, providing technical support for the evaluation, grading, and sorting of gin-

seng fruit quality.
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Fig.1 Original spectral curves of ginseng fruit
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Table 1 Vitamin C content values in ginseng fruit samples
pean  PEEDEE gy BEROER gy FEROER gy REED TR
1 199.9 31 107.7 61 233.2 91 241.6
2 188.2 32 146.1 62 216.6 92 166.6
3 182.3 33 146.1 63 183.3 93 133.3
4 147.0 34 100.0 64 191.6 94 199.9
5 158.8 35 123.0 65 208.3 95 183.3
6 170.5 36 146.1 66 258.2 96 149.9
7 152.9 37 161.5 67 274.9 97 158.3
8 107.7 38 153.8 68 191.6 98 224.9
9 184.6 39 169.2 69 249.9 99 199.9
10 100.0 40 192.3 70 283.2 100 191.6
11 92.3 41 183.3 71 291.6 101 216.6
12 84.6 42 183.3 72 208.3 102 233.2
13 123.0 43 291.6 73 183.3 103 166.6
14 176.9 44 216.6 74 224.9 104 199.9
15 100.0 45 199.9 75 208.3 105 166.6
16 184.6 46 216.6 76 216.6 106 158.3
17 92.3 47 224.9 77 274.9 107 133.3
18 107.7 48 208.3 78 224.9 108 174.9
19 123.0 49 299.9 79 233.2 109 116.6
20 84.6 50 233.2 80 208.3 110 208.3
21 176.9 51 266.6 81 116.6 111 149.9
22 138.4 52 241.6 82 158.3 112 174.9
23 299.9 53 2249 83 291.6 113 183.3
24 84.6 54 208.3 84 174.9 114 191.6
25 169.2 55 299.9 85 233.2 115 258.2
26 107.7 56 191.6 86 224.9 116 274.9
27 161.5 57 233.2 87 133.3 117 283.2
28 123.0 58 249.9 88 208.3 118 224.9
29 146.1 59 199.9 89 149.9 119 216.6
30 123.0 60 266.6 90 249.9 120 174.9
K2 ASRUHLER CAESRITHE
Table 2 Statistical characteristics of V. content in ginseng fruit
B Kokt RRIE w/ME SR brifE2E AR R A
() (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%)
SR 120 299.9 84.6 188.7 53.8 28.51
RIE4E 96 299.9 84.6 183.9 53.5 29.09
Eral oS 24 299.9 100.0 207.7 50.8 24.46

AR B = (Rl 22/F 9 {H) x100%
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Table 3 Modeling results of V. content in ginseng fruit by different pretreatment methods with support vector regression ( SVR)

Hib e KRS Lhaned -

ik R? RMSE R? RMSE
JRGR RS 0.884 2 18.663 0.809 1 21.505 2.288 9
MA 0.884 3 18.653 0.8219 20.776 2.369 3
D1 0.616 7 33.955 0.073 0 47.393 1.038 6
MSC 0.892 2 18.006 0.838 0 19.810 2.484 8
SG 0.580 9 35.504 -0.000 7 49.242 0.999 6
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Fig.2 Spectral images after preprocessing with different methods
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Fig.3 Feature wavelength selection by competitive adaptive reweighted sampling ( CARS)
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Fig.4 Feature wavelength selection by successive projections algorithm ( SPA)
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Fig.5 Gain-based importance score distribution of feature

wavelengths
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R4 TRFHERKRI A EIFFEEDD (SVR) EEEEERT L
Table 4 Comparison of support vector regression (SVR) models based on characteristic wavelengths extracted by different extraction methods

" ) R4 LoAnES
A FRIERL RPD
R? RMSE R? RMSE
SVR 601 0.892 2 18.006 0.838 0 19.810 2.484 8
CARS-SVR 66 0.932 8 14.029 0.852 1 20.114 2.600 1
SPA-SVR 30 0.837 7 21.086 0.736 2 26.863 1.946 9
LGBM-SVR 50 0.954 5 11.542 0.879 6 18.149 2.8817

SVR : 3451 i [ CARS ; 55 4+ A 365 1 T IA S35 s SPA : JE LB 015 LOBM it UM BESRF DTS s R D8 3B RMSE ¥ )7 IR 2%

RPD : FHXS BN iR 2%

®5 TREBUEBGERITLE

Table 5 Comparison of different prediction models

BIESE Lioanee S
sl RPD
R? RMSE R? RMSE
RF 0.983 8 6.888 0.878 6 18.222  2.970 2
SVR 0.9545  11.542 0.879 6 18.149  2.8817
MLP 0.970 3 9.333 0.904 8 16.138  3.353 8
Stacking ~ 0.978 6 7.914 09172 15.053  3.595 3

R* P2 580 RMSE ¥ )7 MR iR 22 ; RPD . MI ST BN iR 2% . RF . Bl AL 7R
M SVR: S Fr 5[] MLP . 22 R AML,
2.6 REEBMTNKRE S

ZEABUYE TAL R REAE D K B EOR R A B
FARATH FEWMMAS RgEAE R C TR, R
MSC-LGBM-Stacking J5 X #4 £ (1 £ 1 3% 38 fe 47 .
AR R AG IE 48 B9 R® A RMSE 43 %1 }90.978 6 Al
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