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Out-of-warehouse Evaluation and Prediction Model of Apple Based on
Near-infrared Spectroscopy Combined with Multiple Quality Indexes

ZHAO Juan'? SHEN Maosheng'® PU Yuge'? CHEN Ang'? LI Hao'"
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract; The physiological characteristics of Fuji apples change during the post-ripening process of
storage. If the storage time is too short, the best edible quality cannot be achieved. Excessive storage will
seriously reduce the quality, then affects the quality of out-of-warehouse and the selling price. In order to
make the fruits during the storage period with better quality for sale, the study on the quality prediction
model of apple during storage was carried out, and on this basis, the out-of-warehouse quality of apple
was evaluated and predicted. The near-infrared spectrum and quality indexes ( soluble solid content
(SSC) , hardness and weight loss rate) of apple at different times during the whole storage period were
collected. The variation rule of fruit diffuse reflectance spectrum and quality index during storage was
analyzed. Partial least squares ( PLS) and nonlinear autoregressive with external input ( NARX)
prediction model for apple quality during storage was established based on the diffuse reflectance spectrum
in the wavelength range of 1000 ~ 2 400 nm, combined with pretreatment and feature wavelength
extraction. According to apple industry standards, the judgment basis of apple out-of-warehouse quality
was determined, and the TOPSIS method based on entropy weight was used to comprehensively evaluate
the fruit out-of-warehouse quality, and realize the prediction of the quality score by PLS and the prediction
of multiple quality indexes by NARX. The results showed that when predicting SSC, hardness and weight
loss rate, the optimal models were CARS —SPA — PLS, CARS — NARX and SPA — NARX, respectively, the
correlation coefficients were 0. 914, 0. 796 and 0.918, and the root mean square errors were 0. 511°Brix,

0.475 kg/cm® and 0. 682% . When predicting quality scores, the correlation coefficient and root mean
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square error of the PLS model were 0. 896 and 0. 043 4, respectively, the correlation coefficient of the
NARX multi-output model were 0. 794, 0. 785 and 0. 905, and the root mean square errors were 0. 308°
Brix, 0.492 kg/cm” and 0.714% . The application of near-infrared spectroscopy technology can realize

the detection of fruit storage quality and the screening of quality of out-of-warehouse, and the research

result can provide a method for efficient storage management technology.

Key words: apple; near infrared spectroscopy; controlled atmosphere storage ; nonlinear autoregression;
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Fig. 1  Diffuse reflectance spectra of apples

at different storage times
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Tab.1 Average measurement results of apple quality

indexes at different storage times

mffE/d  SSC & H/°Brix BB/ (kg-em ?) REE/ %
0 10.28 +1.07 8.71 £0. 66 0+0
40 11.89 1. 41 8.33 £0.93 0.58 =0. 07
80 12.72 £1.04 7.56 +1.09 1.26 +0.25
120 13.73 +1.17 7.45 0. 82 2.16 +0. 66
160 12.90 £0. 52 7.14 £0.63 3.04 £0.52
210 12.63 £0. 87 6.48 +0.78 5.02 +0. 89
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Fig.2 Phenotypic changes of apples at different

storage times
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Fig.3 Correlation coefficient matrix
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Tab.2 PLS model prediction results by different feature wavelength extraction methods

i TR bR FEAE I B B 75 i AL R, RMSEC R, RMSEP
kK 512 0.938 0. 472° Brix 0.911 0. 509° Brix
CARS 16 0.919 0. 540° Brix 0.912 0. 512°Brix
SSC 7 fit SPA 22 0.878 0. 657°Brix 0.821 0. 695°Brix
CARS - SPA 12 0.919 0. 541°Brix 0.914 0. 511°Brix
RS 512 0. 842 0. 552 kg/cm? 0. 607 0. 882 kg/cm?
CARS 32 0.761 0. 664 kg/cm? 0. 648 0. 831 kg/cm?
T 7 SPA 18 0. 668 0.761 kg/cm? 0. 633 0. 839 kg/cm?
CARS — SPA 12 0. 663 0.791 kg/(tm2 0. 634 0.813 kg/(:m2
LK 512 0.910 0.743% 0. 907 0.835%
CARS 10 0. 877 0. 850% 0. 856 1.025%
KA SPA 22 0. 873 0. 864 % 0. 872 0. 968%
CARS - SPA 8 0. 870 0.871% 0. 852 1.038%
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Fig.6 Spectra before and after interpolation
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Fig.7 Results of model run 50 times
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Tab.3 Prediction results of NARX model
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Fig. 10 Model prediction result
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Tab.4 NARX multi-output model prediction results

bR A R, RMSEC R, RMSEP R, RMSEV
SSC & 0. 896 0. 256° Brix 0.794 0. 308°Brix 0. 842 0. 290°Brix
i JiF 0. 821 0. 458 kg/cm? 0.785 0. 492 kg/cm? 0.817 0. 485 kg/cm?
KRR 0.922 0.633% 0. 905 0.714% 0.911 0. 660%
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Tab.5 Model validation results

FETRY TRPRA A R, RMSEV
SSC 4 0.878 0. 504° Brix
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L 0.816 1.140%
SSC % & 0. 809 0. 317°Brix
NARX # 1 s 0.767 0. 542 kg/cm?
P 0.906 0.728%
TOPSIS -4 A5 784 b AR 53 0.817 0. 064
SSC 4 & 0.783 0. 342°Brix
NARX Z fj H #5570 i g 0.772 0. 550 kg/cm®
ERiE S 0.921 0.733%
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