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Abstract .

To study the near-infrared spectroscopy for protein content detection in Korean pine seed kernels, principal

components analysis (PCA) , modified locally linear embedding (MLLE) , local tangent space alignment (LTSA) and Hes-

sian based locally linear embedding (HLLE) were used separately to reduce dimensions of the spectroscopic data, based on
pretreatment of the original spectrum by standard normalized variate ( SNV) +first derivative (1*-Der) +Symlet4 ( SNV+1°'-
Der+Sym4) method. Partial least square (PLS), ridge regression (Ridge), support vector regression (SVR) and extreme
gradient boosting ( XGBoost) were adopted separately to establish mathematical models. The results showed that, the quality
of the parameter optimization model established by MLLE+SVR method was the best. The optimized parameters for dimension
reducing were as follows; the dimension ( n-components) was four, the neighborhood number (n-neighbors) was 50, the mean
value of mean squared error of validation (mean-MSEV) was 0.568 1, and the mean value of Pearson correlation coefficient of

validation ( mean-PCCV) was 0.940 8. Therefore, the

prediction results of the model is reliable,

and non-
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destructive, accurate and quantitative detection of protein in
Korean pine seed kernels can be realized.
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Fig.1 Schematic diagram of near-infrared spectrum acquisi-

tion system for Korean pine seed kernels
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Fig.2 Original near-infrared spectrum image of Korean pine

seed kernels
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Table 1 Ten times of segmentation results of training and verifica-

tion sets for protein in Korean pine seed kernels

I . ﬁﬁu BB AR (%)
WAL Al Mo — - A —
(4 mKRE RME O BWE bR
1 gk 96 24.98 12.79 16.41 2.46
BiEdE 24 21.60 12.80 16.13 2.20
2 g 96 24.98 12.79 16.28 2.40
AT 24 21.54 13.07 16.65 2.42
3 UIgdE 96 24.98 12.79 16.40 2.54
BESE 24 20.75 13.40 16.18 1.82
4 I 96 24.98 12.79 16.41 2.37
IESE 24 23.82 13.34 16.13 2.56
5 g 96 24.98 12.79 16.48 2.45
BESE 24 20.75 13.07 15.85 2.20
6 WLtk 96 24.98 12.79 16.39 2.46
ISUELR 24 21.54 12.80 16.20 2.20
7 YIREE 96 24.98 12.79 16.26 2.51
S 24 21.07 13.81 16.72 1.92
8 gk 96 24.98 12.79 16.36 2.30
BrdE 24 24.01 13.07 16.33 2.81
9 YLtk 96 24.98 12.79 16.62 2.46
LanS 24 20.09 12.80 15.30 1.88
10 YL 96 24.98 12.79 16.21 2.40
g 24 23.82 13.34 16.95 2.35
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Fig.4 Spectrum image of Korean pine seed kernels after pre-

treatment of SNV+1°-Der+Sym4
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PLS n-components =5 5 1.150 7 0.889 8
PCA+Ridge n-contribution=0.99 14/15/16 1.086 9 0.900 5
PCA+SVR n-contribution=0.86 3/4 0.809 7 0.921 4
PCA+XGBoost n-contribution=0.94 5/6 1.133 6 0.895 3
MLLE+Ridge n-components = 10, n-neighbors = 40 10 1.066 5 0.903 4
MLLE+SVR n-components =4 , n-neighbors = 50 4 0.568 1 0.940 8
MLLE+XGBoost n-components = 18 ,n-neighbors =70 18 0.986 5 0.905 5
LTSA+Ridge n-components =8 ,n-neighbors = 80 8 1.049 4 0.903 9
LTSA+SVR n-components =4, n-neighbors = 50 4 0.586 8 0.939 6
LTSA+XGBoost n-components = 16 , n-neighbors = 40 16 0.943 1 0.899 0
HLLE+Ridge n-components =8 ,n-neighbors = 80 8 1.049 4 0.903 9
HLLE+SVR n-components =4, n-neighbors = 50 4 0.586 8 0.939 6
HLLE+XGBoost n-components =3, n-neighbors = 90 3 1.023 2 0.893 3
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Fig.9 Visualization of data dimension reduction of spectrum data by modified locally linear embedding (MLLE) method of Korean pine

seed kernels from two randomly selected training sets
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