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Fig. 3 Average spectra of jujube samples

1.3 ®WEWMETS5ITM

A AR R I S M e B 5 A EAT SSC il . HF
HMEAE % dh B i & SSC i bR iES H{H . R T SSC 2
oA B O R AR 3 D B IE A AT A L A R T (0 &
FER B IE BRI AR RE S R HE o 2 2 1, BRI Ry 45
ASEORRER T 30 ADREE T T AL 15 ARG TR
ik

BIEFEAS 7] 0 4 A0 SSC A4 HE Yy PLS REAY 4 43 47 4 JEE
3 30 3 ST AN [R] 15168, 4 A SSC Y B — BB R G BT, oA — 8
T DR €, A AT SSC e . TR AL 28 D 9 A e = P B B &
A SSC R G B, TR 8, B — BRI ESE M., Gl
FIRIC 43 53RN AR AR 2 O £L AR AR ] &2 AL, 4 (8 48



%11 4 AL E PN 3387

AL REBBKIESE MI-Gle 1 MI-GI-RJ. 2003k R A8 GRE AR, L@ = Fgi (& 824
71N FEAEAE (2 P 2L A ) A AT 40 2 AT = T (8 g & s AR SSC IIGETHE B NE 1 s .
4R MI, . Glo» RJ, Al MJ,-GIL-RJ, 735 2 7 P 1A i 4R

F1 ZEHBRESSCEEHITER

Table 1 Statistics of SSC contents in jujube samples

Type of color Calibration set n, SSC(°Brix) Prediction set 2, SSC(°Brix)
M] M]. 30 10. 93~15. 67 MJ, 15 10. 93~15. 67
GJ GJ. 30 11.00~17. 10 GJ, 15 11. 50~16. 90
RJ RJ. 30 10. 60~19. 20 RJ, 15 11.10~18. 30
MJ-GJ MJ.-GJ. 60 10. 93~17. 10 MJ,-GJ. 30 10. 93~16. 90
M]J-GJ-R] M]J.-GJ-RJ. 90 10. 60~19. 20 MJ.-GJ,-RJ, 45 10. 93~18. 30

T Tne: EERALG 2o MINERAL

Note: 'n. is the number of samples for modeling set and ?n, is the number of samples for test set
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ror of cross-validation, RMSECV)1E N 3 4 48 #5 % 56 3% 18 5 Table 2 Modelling results of PLS models for jujube
b By AR AT ORI . SR FH IR AR A 100 A O 2R 8K (cor- SSC with different pretreatment methods
relation coefficient of prediction set, R,) Fl T ¥ 4 #R 1% 22 Samples Pretreatment Factor RMSECV R.
(root mean square error of prediction, RMSEP) {E Jfy £ % i methods
RSB AT A 45 45 . o R BOR . RMSECV /) . 0 (g RAW 8 0-898  0.700
R R, ok, RMSEP /b, B8 (g B0 66 77 18 4F o L
Matlab R2018a Fl T i B0 0 A B . 8 0 6 L J PLS M. visC o s oo
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BE S R I 5 52 0 3 (508 7 2 O R % 1y F .. S
oo SIS RN, B, 758X R & 6% 1T T NWS. MSC 10 0. 717 0. 897
AR T 1A B Bk T A L DA R B R A A RS RE . N T RAW 7 1. 268 0.316
FE ] 191 4 37 0 W) A A SSC A RIS B2 (g s e, 43 i SR NWS 7 1.211 0. 835
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Fig. 4 Original Vis-NIR spectra of Jujube samples and spectra after pretreatment with SNV

(a): Original Vis-NIR spectra; (b): Spectra after pretreatment with SNV

K3 B—FEZERKRSSCH PLS BN LR
Table 3 Predicted results of PLS models for SSC of single color jujube

Samples for modeling Pretreatment methods Factor RMSECV R. Prediction set RMSEP R,
MIJ, 1.314 0. 816
M]. NWS 14 0. 843 0.752 GJ. 2.112 0. 657
RJ, 2.792 0. 405
MJ, 1.769 0.611
GJ. CWD 9 0. 659 0.910 GJ. 0. 875 0. 822
RJ, 1. 276 0.812
MJ. 1.517 0.736
RJ. NWS 8 1. 211 0. 835 GJ, 1.578 0. 831
RJ, 0. 960 0.923
*4 BABMBEEHETRSSCH PLS MEMFM LR
Table 4 Predicted results of PLS models for SSC of mixed color jujube samples
Samples for modeling Pretreatment methods Factor RMSECV R. Prediction set composition ~RMSEP R,
MJ, 0. 980 0.724
MJ-GJ. NWS-MSC 11 1. 108 0. 698 ol 0- 983 - 822
RJ, 1.928 0. 597
MJ,-GJ,-RJ. 1. 378 0. 704
MJ, 1.077 0.668
GJ., 0. 881 0. 861
MJ.-GJ.-RJ. SNV 8 . 158 0. 796
RJ, 1. 140 0. 841
MJ,-GJ,-RJ. 0. 946 0. 864

HI 4 AT, 0N A v R A 5 R0 AR A TR B A
A iy LB A SR R, BIAC IE 4RO MI-GJ. B, A8 R )
M, F G, B BUI0ORS B2 8¢RI, 8947 B4 o8 MI,-G.-
RJ, PR BB . BARASIE 4R MI -G W5 A £0 2% A [ il 4%

TR, I TR, I, WK R 2 Y
7 MJ-GJ. H3m RJ. 418 MJ.-GJ.-RJ. @A, AR X}
MJ.-GJ.-RJ, BB 25 b 1. 378 W/NE] 0. 946,
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Table 5 Analysis results of the models with modelling variables optimization

Calibration set Selected the number of variables Factor RMSECV R, Prediction set RMSEP R,
MJ. 2 040 13 0. 850 0. 748 M, 1.070 0.824
GI. 340 9 0.515 0.947 Gl. 0.443 0. 958
RJ. 180 11 0.725 0.943 RJ, 0. 980 0.947

160 14 0.903 0.812 MJ, 0. 797 0. 848
MJ.-GJ.
300 14 0. 808 0. 851 Gly 0. 605 0.933
MJ-GJ-RJ. 200 10 0. 886 0. 884 MJ.-GJ.-RJ, 0.721 0. 922
40 000 1.81 —a— RMSECV
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. 5 1.6
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Fig. 6 Distribution of selected variables by MCUVE method

2.4 ZESSCHRMAESHTER

S 1) B2 Y A AR S AT TR A N L T O 1 A B
AR B AL 1 v AT AR 2 TR A B 0 TR AL . 1R 7 BT
715 2 ) A 6 7 ik 7 A R 4 A8 PLS B 1) RMSECV Al
RMSEP Fiff 2 7 K h9 22 (P, B AT LL, 7 35 A1 22 B0/
A AL L A B 1 — B . R B e 5 i

Factor
B7 E&ZXEHEHF RMSECV 1 RMSEP
B PLS B F#HE L E
Variations of RMSECV and RMSEP of

mixed jujube model with PLS factors

Fig. 7

e TR B B XoF W 32 4R R i SSC Yy TR0 B AN 2 2% fE 1Y
KRR WA 8 s . AT, &2 SSC ) 27 (i A Al
T 2 [8) £ 72 BAF BAR OG OG22 . B AL dh 46 B9 R, 1 RM-
SEP 4352k 0. 922 Fi1 0. 721,



3390 i 2% 5 61 43 Hr %41 %

R: 0.9442 S
SD: 0.0450 3 g8 3

e

XA A B8, 4 72 SSC 1 Vis-NIR S 3% 43 A 185 7Y 1y gt ik
TTWRSE s SR AN [R) 0 S 3% 791 4k 2 75 3 Rl MCUVE A8 & i 3% 7
XA SSC 1 PLS & &4 s R gk A7 fifk . DU SR BlAR
[ 1 €, 4 4 SSC & & ME# 43 BT 1 T8 BB iy kg . 45 2R 3R
W1, 2r R A MJ. G FRJ Ay Sz R i 4 AT I, BB
AAS RS LA A 5] B0 B 44 ERE i i SSC S B T 48 4 1) S0 5
s o e . A BHE MJ FESL A GI Al GI-R] FE & 3847 MI-GJ fil MJ-
Actual value/% GI-RJ PHAN TR G FF il B2 119 2 1 B D 114 49 2 1, MIJ-GJ B U %6
8 SSCLMEEHEBFMENEXXER MJ Fl GJ # b (1 SSC B &by 1) B0 a8 5 o i X RJFE i Y
Fig. 8 Correlation of SSC measured value IO 5% 22 s MI-GJ-RJ B8 = A i 8 1 2 8 SSC ¥A
and model predicted value BTN 25 5 s SR A Vis-NIR SG 3 X A [ 2 48 4 22 i) SSC
BEAT A3 O, 2 TE AR AR 5 0 G AR B S M A L AT
BRI, BT B Al A . R A
MCUVE J5 ¥& X HEA7T 728 S L 3R Ja 485 700 09 25 350 DF M 4

A B .

Predicted value/%

References

[1]

[2]
[3]
[4]
[5]
[6]

[7]
[8]

[9]
[10]

[11]

CHEN Chong, LUO Hua-ping, SUO Yu-ting, et al(JE  vp, B4HF, EEME, 4. Agriculture and Technology (4l 535 AK), 2019, 39
(5): 1.

LI Yong, WEI Yi-min, WANG Feng(Z= 5, 83K, £ 4. Journal of Nuclear Agriculture(#Z42#4%) . 2005, (3): 236.

YAO Xin-miao, LU Shu-wen, XIE Tie-min, et al(Bk#E#H ., AL, BER, %). Corn Science( EXF24), 2013, 21(4) . 153.

CAO Yong, JIAO Xue-jun, JIANG Jin, et al( 55, 2%, 2 3, %). Acta Optica Sinica(J6242%4)) . 2018, 38(3): 369.

Tian Xi, Fan Shuxiang, Li Jiangbo, et al. Infrared Physics &. Technology, 2019, 102 979.

ZHANG Li-juan, XIA Qi-le, CHEN Jian-bing, et al(GkuNIE . EH 4, BEEIIE, 25). Spectroscopy and Spectral Analysis(OGi 2% 5 )% %
A . 2020, 40(T) ;s 2246.

L1 Zhuang-zhuang, WU Qiang-shui, HUANG Sha. Science Technology and Engineering (B} 243 A 5 T.F#) . 2020, 20(10); 4061.
HAO Yong, WU Wen-hui, SHANG Qing-yuan, et al G B, 2308, FRRE, 45). Acta Optica Sinica(OE2#2%4%), 2019, 39(9) .,
0930004.

Mao Zhiyi, Shan Ruifeng, Wang Jiajun, et al. Pubmed, 2014, 128. 711.

ZHANG He-dong, WU Jing-zhu, HAN Ping, et al(Jk#84, &3k, 5  F. ). Journal of Food Safety and Quality Inspection(£ i
AR . 2019, 10(1): 209.

Parichat Theanjumpol, Kumpon Wongzeewasakun, Nadthawat Muenmanee, et al. Elsevier B. V., 2019, 153: 257.



511 il 2 563 i 3391

Research on Construction of Visible-Near Infrared Spectroscopy Analysis
Model for Soluble Solid Content in Different Colors of Jujube

HAO Yong', DU Jiao-jun', ZHANG Shu-min*, WANG Qi-ming'
1. School of Mechatronics &. Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China
2. Nanchang Customs Technology Center, Nanchang 330013, China

Abstract The quality of jujube is susceptible to factors such as the environment, causing changes in its post-harvest redness
index, leading to large differences in fruit color, which affects the analysis accuracy of its soluble solids content (SSC) detection
model. Visible-near infrared spectroscopy (Vis-NIRs) combined with spectral preprocessing methods including Norris-Williams
smoothing (NWS) ., continuous wavelet derivative (CWD), multiplicative scattering correction (MSC) . standard normal variate
(SNV) and NWS-MSC were used to build the partial least squares (PLS), quantitative analysis models of the SSC of jujube,
with different colors (red and green-M]J, green-GJ and red-RJ). Five independent sample sets, including MJ, GJ, RJ. MJ-GJ
and MJ-GJ-R]J, were used to establish the quantitative analysis models of SSC for jujube, and test set samples MJ-GJ-R] were
used for model evaluation. The correlation coefficient of calibration set (R,) and the root mean square error of cross-validation
(RMSECV) were used to evaluate model accuracy. The correlation coefficients of prediction (R,) and the root mean square error
for prediction (RMSEP) were used to evaluate model prediction accuracy. The research results showed that when the
independent sample sets of MJ, GJ and R] were used for modeling, the models only achieved a better prediction for the SSC of
jujube samples with the same color, respectively. When adding GJ and GJ-R]J samples to the M] samples to construct the
quantitative model of the two mixed sample sets, including MJ-GJ and MJ-GJ-R]J. The MJ-GJ model had better prediction results
of SSC for MJ and GJ jujube samples, the model’s RMSECV, R.,, RMSEP, and R, were 1.108, 0.698, 0.980, 0.724 and
1.108, 0.698, 0.983, 0.822, respectively, but the effect of R] samples was relatively larger. the model’s RMSECV, R.,
RMSEP, R, were 1.108, 0.698, 1.928, 0.597. The MJ-GJ-RJ model obtained good prediction results of SSC for the three
colors jujube: for the SSC model of MJ, the RMSECV, R., RMSEP, R, of the MJ-GJ-R] model were 1. 158, 0.796, 1.077,
0. 668; for the SSC model of GJ, the model’s RMSECV, R., RMSEP. R, were 1. 158, 0.796, 0.881, 0.861; for the SSC
model of RJ, the model”’s RMSECV, R.. RMSEP, R, were 1.158, 0.796, 1.140, 0.841. After using the Monte Carlo
uninformative variable elimination (MCUVE) method to optimize the variables of the MJ-GJ-RJ model further, the R. and R,
were increased from 0. 796 and 0. 864 to 0. 884 and 0. 922, respectively. The RMSECV and RMSEP were reduced from 1. 158
and 0. 946 to 0. 886 and 0. 721, respectively. The model has better analysis accuracy. When the SSC of different color jujube was
analyzed using near-infrared spectroscopy, similar sample set properties for calibration and prediction or modeling variables are

required to construct universality models.

Keywords Visible-near infrared spectroscopy; Partial least squares; Jujube; Soluble solids content; Monte Carlo uninformative

variable elimination
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