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Table 1 Identification accuracies by PCA-FLD with different pretreatment methods

Identification accuracies/ %

Spectral acquisition site Pretreatment - —
Yunnan Hunan Wuming Laibin All
Raw spectra 90 100 100 100 97.5
DT 90 100 100 100 97.5
De-bias 100 100 100 100 100
SNV 90 100 100 90 95
Min-Max 90 100 100 90 95
MSC 100 100 100 100 100
4 points Ist 80 100 100 100 95
on equator 2nd 70 80 90 30 67.5
CWT 80 100 100 100 95
1st-DT 80 100 100 100 95
1st-SNV 80 100 100 100 95
1st-MSC 90 100 100 100 97.5
CWT-SNV 90 100 100 100 97.5
CWT-MSC 80 100 100 100 95
Raw spectra 100 100 100 100 100
DT 100 100 100 100 100
De Bias 100 100 100 100 100
SNV 100 100 100 100 100
Min-Max 100 100 100 100 100
MSC 100 100 100 100 100
4 points on equator Ist 100 100 110 100 100
and the top and
bottom of orange 2nd 100 80 80 80 100
CWT 100 100 100 90 85
1st-DT 80 100 100 90 97.5
1st-SNV 80 100 100 90 92.5
1st-MSC 100 100 100 100 92.5
CWT-SNV 80 100 100 90 100
CWT-MSC 80 100 100 90 92.5
(@ A 9B O C oD o Validation 9@ A @B @ C @ D o Valdaton

\“’
&

(a)

B 4 De-bias Fi &b I2 9 PCA-FLD 45 53
(@) R 4 mFEDEIEEEE: (b2 6 P3G Rl
Fig. 4 PCA-FLD results with De-bias method

(a): 4 points average spectra; (b): 6 points average spectra
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A Nondestructive Identification Method of Producing Regions of Citrus
Based on Near Infrared Spectroscopy

ZHANG Xin-xin', LI Shang-ke', LI Pao""** , SHAN Yang®, JIANG Li-wen', LIU Xia'
1. College of Food Science and Technology, Hunan Provincial Key Laboratory of Food Science and Biotechnology, Hunan
Agricultural University, Changsha 410128, China

2. Hunan Agricultural Product Processing Institute, Hunan Academy of Agricultural Sciences, Changsha 410125, China

Abstract Citrus is one of the popular fruits in the world. There are differences in internal quality and price of different-regions
citrus. However, the appearance differences are small, and it is difficult for laypeople to identify by appearance. Methods such
as DNA labeling and instrumental analysis are complex in operation and destructive to samples, which cannot achieve rapid and
non-destructive analysis, affecting the secondary sales of products. Near-infrared spectroscopy is a fast and nondestructive
detection method that can be used to identify different-regions agricultural products. Due to the large interference of citrus peel
on the spectra, there is a lack of nondestructive identification of citrus origin. Besides. citrus is large. Therefore, it is necessary
to optimize the spectral collection points. This paper proposed a new method for nondestructive identification of different-regions
citrus based on near infrared spectroscopy and chemometrics. The diffuse reflectance spectra of 120 fertile oranges from Yunnan,
Hunan, Wuming and Laibin of Guangxi were obtained by near-infrared spectroscopy. Single and combined spectral pretreatment
was used to eliminate multiple interferences in the spectra. The principal component analysis method was used to reduce the data
dimension, which was used as the input value. Combining with Fisher linear discriminant analysis method, the citrus origin
identification model was obtained and compared with the principal component analysis model. In addition, the effects of different
spectral collection locations (4 collection points along the equator. top and bottom) on the results were investigated. The results
showed that the principal component analysis method combined with the optimized spectral pretreatment method could not
accurately identify different-regions citrus, and the best identification accuracy was 5%. When the principal component analysis-
Fisher linear discriminant analysis was used, the average spectra of 4 collection points along the equator combined with De-bias
correction or multivariate scattering correction pretreatment method could achieve 100% identification analysis of different-
regions citrus. Furthermore, the average spectra of 6 collection points combined with raw data could achieve 100% identification
analysis of different-regions citrus. Therefore, by optimizing the spectral pretreatment methods and spectral collection points,
the accurate identification model of different-regions citrus can be established by using principal component analysis-Fisher linear

discriminant analysis method, which provides a new method for rapid identification of different-regions citrus.

Keywords Near infrared spectroscopy; Fertile orange; Non-destructive analysis; Principal component analysis; Fisher linear

discriminant analysis
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