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Abstract: The objective of this study was the development of a discrimination model for the cultivational origin of
paper mulberry bast fiber and Hanji using near infrared (NIR) and mid infrared (MIR) spectroscopy combined with
partial least squares discriminant analysis (PLS-DA). Paper mulberry bast fiber was purchased in 10 different regions
of Korea, and used to make Hanji. PLS-DA was performed using pre-treated FT-NIR and FT-MIR spectral data for
paper mulberry bast fiber and Hanji. PLS-DA of paper mulberry bast fiber and Hanji samples, using FT-NIR spectral
data, showed 100 % performance in cross validation and the confusion matrix (accuracy, sensitivity, and specificity).
The discrimination models showed four regional groups which demonstrated clearer separation and much superior
score plots in the NIR spectral data-based model than in the MIR spectral data-based model. Furthermore, the
discrimination model based on the NIR spectral data of paper mulberry bast fiber had highly similar score morphology
to that of the discrimination model based on the NIR spectral data of Hanji.
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Fig. 1. lllustration of PLS-DA for models that includes four classes.
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Table 1. The sample abbreviation and collection origin of Korean Paper mulberry

Cultivation region

- - - Symbol
Major categories Sub-categories

Gangwon-do Usan-dong, Wonju-si GW-WJ
Gyeonggi-do Sangcheon-ri, Cheongpyeong-myeon, Gapyeong-gun GG-GP
Chungcheong-do Yongbuwor.l-ri, Daegang-myeon, Danyang-gun CC-DY
Wonpung-ri, Yeonpung-myeon, Goesan-gun CC-GS

Gaepo-myeon, Yecheon-gun GS-YC

Naeseo-ri, Nongam-myeon, Mungyeong-si GS-MG

G d Sosan-ri, Pungsan-eup, Andong-si GS-AD
veongsang-do Jungyul-ri, Sinpyeong-myeon, Uiseong-gun GS-USJ
Deokbong-ri, Shinpyeong-myeon, Uiseong-gun GS-USD

SongKang-ri, Pacheon-myeon, Cheongsong-gun GS-CS
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Table 2. Term define about TP, FN, FP, TN used for Confusion matrix

Classification

Condition

Positive

Negative

L Positive
Prediction .
Negative

True Positive (TP)
False Negative (FN)

False Positive (FP)
True Negative (TN)
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Fig. 2. FT-NIR raw spectra and second derivative spectra of (a) Paper mulberry bast fiber and (b) Hanji.
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Table 3. Summary of the PLS-DA classification result from NIR and MIR spectral data by LOOCV. (a) NIR spectral data from
Paper mulberry bast fiber, (b) MIR spectral data from Paper mulberry bast fiber, (¢) NIR spectral data from Hanji

(d) MIR spectral data from Hanji

Original
() (b) © (d)
Prediction CC GG GS GW CC GG GS GW CC GG GS GW CC GG GS GW
CC 10 0 0 0 5 1 1 1 10 0 0 0 10 0 2 0
GG 0 5 0 0 0 3 0 1 0 5 0 0 0 5 0 0
GS 0 0 30 0 5 0 27 2 0 0 30 0 0 0 28 1
GW 0 0 0 5 0 1 2 1 0 0 0 5 0 0 0 4
Accuracy 1 0.72 1 0.94
Error rate 0 0.28 0 0.06
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Fig. 5. A two-dimensional PLS-DA score of the (a) FT-NIR spectral data from Paper mulberry bast fiber, (b) FT-MIR spectral data
from Paper mulberry bast fiber, (c) FT-NIR spectral data from Hanji and (d) FT-MIR spectral data from Hanji.
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