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Abstract

Purpose: The objective of this research was to select high quality cucumber (cucumis sativus) seed by classifying into viable
or non-viable one using Raman spectroscopy. Method: Both transmission and back-scattering Raman spectra of viable and
non-viable seeds in the range from 150 cm™ to 1890 cm™ were collected with a laser illumination. Results: The Raman
spectra of cucumber seed showed Raman peaks with features of polyunsaturated fatty acids. The partial least squares-
discriminant analysis (PLS-DA) to predict viable seeds was developed with measured transmission and backscattering
spectra with Raman spectroscopy and germination test results. Various types of spectra pretreatment were investigated to
develop the classification models. The results of developed PLS-DA models using the transmission spectra with mean
normalization or range normalization, and back-scattering spectra with mean normalization treatment or baseline
correction showed 100% discrimination accuracy. Conclusions: These results showed that Raman spectroscopy

technologies can be used to select the high quality cucumber seeds.
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Figure 1. Back-scattering Raman spectra (150 cm” ~ 1890 cm'1)

of ten cucumber seeds with maximum normalization treatment
measured three times.
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Figure 2. Change of gemination ratio with aging period of cucumber
seed.
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Figure 3. (a) Transmission and (b) back-scattering Raman spectra
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Table 1. Comparison of PLS-DA models with pretreatments for classification of cucumber seed viability using transmission Raman

spectroscopy in the range from 150 cm™ to 1890 cm’

Calibration Validation Prediction

Data Pretreatment ) ) FY CCR? )

Rs SEC R/ SEP Ve Vs cv®

Non-Pretreatment 0.962 0.195 0.934 0.261 7 100.0% 93.8% 0.8
Baseline Correction® 0.973 0.162 0.939 0.251 10 100.0% 93.8% 0.7
Mean Normalization 0.954 0.215 0.934 0.261 5 100.0% 100.0% 0.9
Maximum Normalization 0.954 0.214 0.931 0.267 6 100.0% 93.8% 0.8
Range Normalization 0.95 0.224 0.927 0.274 6 100.0% 100.0% 0.9
1st Derivative (gap 9.3 cm™) 0.978 0.149 0.926 0.275 7 100.0% 93.8% 1.1
2nd Derivative (gap 15.3 cm™) 0.938 0.249 0.818 0.432 5 100.0% 81.3% 1.2

1) F : Number of Factors, 2) Correct Classification Ratio, 3) VS : Viable Seed, 4) Non-Viable Seed, 5) CV : Classification Value,
6) Fifth-order polynomial baseline correction
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2Ry 15420, spectra with (a) non-treatment and (b) fifth order polynomial

7123k 1.25 9] QIt}(Fig. 7b). baseline correction.
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Table 2. Comparison of PLS-DA models with pretreatments for classification of cucumber seed viability using back-scattering Raman

spectroscopy in the range from 150 cm” to 1890 cm’”

Calibration Validation Prediction
Data pretreatment R SEC R SEP = : CCR? : o
VS NVS

Non-Pretreatment 0.986 0.117 0.978 0.152 7 100.0% 100.0% 1
Baseline Correction® 0.988 0.108 0.980 0.143 6 100.0% 100.0% 1.25
Mean Normalization 0.975 0.157 0.963 0.194 6 100.0% 100.0% 1.06
Maximum Normalization 0.971 0.169 0.957 0.209 6 100.0% 93.8% 1
Range Normalization 0.96 0.201 0.94 0.248 6 100.0% 93.8% 0.9
1st Derivative (gap 12.3 cm’) 0.98 0.143 0.97 0.175 5 100.0% 93.8% 1
2nd Derivative (gap 12.3 cm’™) 0.977 0.153 0.955 0.215 3 100.0% 93.8% 0.75

1) F : Number of Factors, 2) Correct Classification Ratio, 3) VS : Viable Seed, 4) Non-Viable Seed, 5) CV : Classification Value,
6) Fifth-order polynomial baseline correction
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