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Abstract: [Objective] The primary goal of this research was to compare the modeling methods of Sup-
port Vector Regression (SVR) and Back-Propagation network and seak for the best pre-processing com-
bination method with the modeling method. The protein content prediction model of walnut kernel was
established using near-infrared spectroscopy technology. The protein content of walnut kernels is one of
the important indicators affecting the quality of walnuts. At present, the detection method for protein
content mainly depends on the national standard method, the process is cumbersome, and multiple indi-

cators can not be determined at the same time. [Methods] 180 walnut samples from 9 different or-
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chards were collected as research materials, the row spacing of the walnut trees in each orchard is 4 m x
6 m, and the tree age is 10 years. Firstly, the diffuse reflectance spectra of the samples were collected at
room temperature (around 25 °C) using an Antaris Il Fourier transform NIR spectrometer made in the
United States, the spectra were obtained in the wave number range of 4000—-10 000 cm™ (780-2500 nm)
with a resolution of 8 cm™ and a gain of 2x. With the built-in background of the instrument as the refer-
ence, each sample was scanned 3 times repeatedly as the original spectrum of the sample. The average
spectrum was obtained after 32 final scans. Secondly, the protein content of 180 walnuts was deter-
mined by the Kaumas Brilliant Blue method. After the six outliers were removed by the Marginal dis-
tance, the SPXY algorithm was used to divide 174 samples into 132 Correction sets and 42 Validation
sets in a 3: 1 ratio. The Competitive Adaptive Reweighted Sampling (CARS) method was used to ex-
tract the feature wavelengths. The spectral information was processed by six different pretreatment com-
bination methods: Standard Normal Variables transformation (SNV), First-Derivative (FD), Multivari-
ate, Scattering, Correction (MSC) +First-Derivative (FD), Second-Derivative (SD), Savitzky Golay con-
volution smoothing (SG)+Second-Derivative (SD), Standard Normal Variables transformation (SNV)+
Second-Derivative (SD). The Root Mean Square Error (RMSE), coefficient of determination (R®), Re-
sidual Prediction Deviation (RPD) were used to determine the optimal model and to compare the wal-
nut protein prediction models established by different preprocessing combination methods with BP neu-
ral network method and SVR. [Results] Comparing the SVR with the BP neural networks, the R’ of the
SD+BP neural network, MSC+BP neural network, SG+SD+BP neural network and SNV+SD-+BP neu-
ral network Correction set and Validation set were below 0.8, only the R* of the MSC-+FD+BP neural
network Correction and Validation sets reach was above 0.8. Moreover, the maximum RPD was 2.856.
Although R? of the Correction set for the FD+BP neural network was 0.845 7, it was quite discrepancy
from the Validation set. The R* of Correction set and Validation set for SD+SVR, MSC+SVR, MSC+
FD+SVR were all lower, Only SG+SD+SVR and SNV+SD+SVR Corrected and Validated sets had R’
above 0.8, although the R’ of the Correction set of the FD+BP neural network was 0.820 0, but the R* of
Validation set was only 0.770. Compared with SG+SD+SVR and SNV+SVR, MSC+FD+BP neural net-
work had smaller differences in R’ of Correction set and Validation set, RMSE of Correction set and Val-
idation set, the highest RPD. That is, the R’ of the MSC+FD+BP neural network Correction set was
0.871, RMSEC was 0.089 5, and the RPD was 2.875; the R* of the validation set was 0.825, RMSEP
was 0.105 9, and the RPD value was 2.233. Therefore, MSC+FD+BP neural network built prediction
model performs better than SG+SD+SVR and SNV +SVR. [Conclusion] The results showed that the
BP neural network algorithm had better model quality than the SVR algorithm in walnut kernel soluble
protein content prediction modeling in characteristic bands. The MSC + FD + CARS + BP neural net-
work modeling method would be more suitable for the prediction of the soluble protein content of wal-
nut kernel, which would provide a reference for the analysis of walnut kernel quality using near-infra-
red spectroscopy.

Key words: Walnut meat; Soluble protein content; Back-Propagation network; Support Vector Regres-
sion (SVR)
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Table 1 Soluble protein content data in different

management modes
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Table 2 Sample soluble protein content statistics and sample set division results
. B IZINI-E f/ME FHME bz
m Number of Maximum value/ Minimum value/ Mean value/ Standard
Sample N a B ot
samples (mg-g" (mg-g" (mg-g" deviation
JfA& Overall 174 2.34 0.96 1.81 0.279
FEATE IF 4 Sample correction set 132 2.34 1.24 1.82 0.257
FEAISAIESE Sample validation set 42 231 0.96 1.77 0.338
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Table 3 Modeling results of different pretreatment methods
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TRALER J5 1% Correction set Validation set
Pre-processing methods ,
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T SE AL The Second derivative preprocessing , SD 0.7535 0.1317 0.7217 0.1653
%2 JUHUR AR IE FiAL #E The Multivariate scattering correction preprocessing , MSC 0.6354 02151 0.6048 0.2289
— [ G FHAL B The First derivative preprocessing , FD 0.8457 0.1037 0.7637 0.1489
B S I S A Pk R 0.7857 0.1230 0.7421 0.1590
The Savitzky-golay preprocessing and second derivative combination preprocessing, SG+SD
Z JUHU R IE TAL LS — B AU & TiAR 3 0.8710 0.0895 0.8250 0.1059
The Multivariate scattering correction preprocessing and first derivative combination preprocessing, MSC+FD
PRI IE AR — i S A A Tk B 0.7963 0.1205 0.7381 0.1573

The standard normal transformation preprocessing and second derivative combination preprocessing, SNV+SD
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A. An original spectral; B. The Multivariate scattering correction preprocessing, MSC; C. The First derivative preprocessing, FD; D. The Multivari-
ate scattering correction preprocessing and first derivative combination preprocessing, MSC+FD; E. The Second derivative preprocessing, SD; F. The
Combining preprocessing for convolutional smoothing and second derivative, SG+SD; G. The Combining preprocessing for standard normal transfor-
mation and second derivative, SNV+SD.
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Table 4 Performance of the protein detection models built by the 2 methods
Y4y e irA FAb B 97V I IESE Correction set B UE4E Validation set RPD
Component  Modeling method Pre-processing methods g2 RMSEC R RMSEP
EER BP #1445 SD 0.753 5 0.1317 0.721 7 0.1653 2.092
Protein BP neural network MSC 0.635 4 02151 0.604 8 02289 1.177
FD 0.8457 0.103 7 0.763 7 0.1489 2.434
SG+SD 0.7857 0.1230 0.742 1 0.1590 1.674
MSC+FD 0.8712 0.089 5 0.824 8 0.1059 2.856
SNV+SD 0.796 3 0.120 5 0.738 1 0.157 3 1.759
SCRFA) & AU SD 0.756 1 0.137 8 0.666 4 0.162 1 1.054
Support vector regression g 0.606 1 0.228 6 0.600 1 0.230 1 1.121
FD 0.8200 0.1358 0.770 0 0.1430 1.447
SG+SD 0.8953 0.0450 0.8152 0.139 1 2.587
MSC+FD 0.739 2 0.140 7 0.706 7 0.136 2 1.113
SNV+SD 0.895 8 0.084 3 0.816 4 0.133 1 2.653

155 SNV+SD . SG+SD 20 & Fil b 3 77 v B a2 ok
(AT B AR A6 B I RS IE SR k8 R AL, (HEGIE 4R
Y8 RBUBAR LA 39 T7 iR 22 22 S UK AR AE I AU
HELE , H % WA 2 RPD /N T BP # 28 X 25 11
RPD{H . %i [Arid, % MSC+FD+BP #f £ % 2% #H

SR TR AR, W] DI B BEAR A AR OR M,

RZARA AR o B R 2L A S A l%"lﬂlﬂ‘ﬁéié
PRI AR TV AR 5 R S AR AR
T MR T R AR T, T RUAC I
SCIAE 5 TRONAE 2 TR AR Sk 2%, e R R



H 8 BIRE A BT IUT MG E A AT A R R A 2 1757
24 -~
I R=0.8708 -
25 | RMSEC=0.089 5 .
RPD=2.856
—..OB 20 L]
on
\_E/ F
gngg
,;: §
B g L
2
o
S5 1.6 |
2
a-‘ L
14
1.2
| L | L | L | L 1 L 1 H 1
1.2 1.4 1.6 1.8 2.0 2.2 24
SEE

Measured value/(mg-g")
4 B ESRETNESTUNMEREXME

Fig. 4 Correlation between measured and predicted values of walnut kernel quantitative model
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Table S Measured and predicted values of soluble protein content of the validation set samples

75 SLIME TR Y ZEE A= S TR Y5 ZEE
Serial Measured Predicted Absolute Serial Measured Predicted Absolute
number value/(mg-g") value/(mg-g") deviation/(mg-g"')| number value/(mg-g") value/(mg-g") deviation/(mg-g™")
1 1.912 2.118 0.206 22 1.559 1.509 0.050

2 1.886 1.975 0.089 23 1.922 1.980 0.058

3 1.475 1.553 0.078 24 1.877 1.885 0.008

4 1.209 1.362 0.153 25 1.880 2.056 0.176

5 1.642 1.747 0.105 26 2.159 2.055 0.104

6 1.456 1.399 0.057 27 1.639 1.742 0.103

7 2.074 1.999 0.075 28 1.583 1.414 0.169

8 2.164 1.956 0.208 29 1.800 1.805 0.005

9 1.324 1.500 0.176 30 1.481 1.298 0.183

10 1.000 1.243 0.243 31 1.485 1.668 0.183

11 1.576 1.659 0.083 32 2.044 1.984 0.060

12 1.934 2.135 0.201 33 0.959 1.247 0.288

13 1.950 1.957 0.007 34 1.974 1.738 0.236

14 2.282 2.245 0.037 35 1.523 1.703 0.180

15 1.847 1.990 0.143 36 1.906 1.893 0.013

16 1.888 1.776 0.112 37 1.994 1.961 0.033

17 1.868 1.850 0.018 38 2.159 2.100 0.059

18 1.341 1.312 0.029 39 1.700 1.729 0.029

19 1.848 1.821 0.027 40 2.063 2.180 0.117

20 1.617 1.725 0.108 41 2.093 2.256 0.163

21 1.647 1.451 0.196 42 2.094 2.149 0.055
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