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Rapid detection of tomato nutritional components based on
NIRS and PSO-LightGBM

Shi Lichun'  Wang Songwei® Wang Zhizhong’
(1. Henan Polytechnic, Zhengzhou, Henan 450046, China; 2. Zhengzhou University, Zhengzhou, Henan 450001, China)

Abstract: [ Objective] To achieve rapid, non-destructive, and high-precision detection of six nutritional components in tomatoes, including
dry matter, soluble sugar, total acid, vitamin C, soluble solids, and lycopene. [Methods] A tomato nutritional component detection model
based on near-infrared spectroscopy (NIRS) combined with light gradient boosting machine (LightGBM) optimized using the particle swarm
optimization (PSO) algorithm (PSO-LightGBM) was proposed. Using the six nutritional components as detection indicators, near-infrared
spectral data (scanning range: 400~2 500 nm) were collected from 471 tomato samples. Seven preprocessing methods were compared, and
the optimal combination of standard normal variate (SNV) transformation and first derivative was selected to eliminate noise and baseline
drift. The PSO algorithm was used to optimize the key hyperparameters of LightGBM (number of leaves, learning rate, tree depth, feature
sampling ratio, and Bagging ratio) to construct a synchronous multi-component prediction model. Meanwhile, partial least squares
regression (PLSR), unoptimized LightGBM, and grid search-optimized LightGBM (GS-LightGBM) models were established as comparison
models. [Results] The PSO-LightGBM model achieved the highest prediction accuracy for all six nutritional components. The coefficients

of determination for the prediction set (Rg) for dry matter and soluble solids reached 0.987 and 0.973, respectively, with residual prediction
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deviation (Egpp,) values of 6.732 and 5.115, respectively. The RIZ) values for total acid, soluble sugar, and vitamin C all exceeded 0.95, and

their Egpp, values were all greater than 2.5. The Rf, for lycopene increased to 0.956, representing a 12.4% increase compared with that of the

unoptimized LightGBM model. The prediction-set root mean square error (Egpysgp) of PSO-LightGBM was, on average, 34.7% lower than

that of PLSR and 15.2% lower than that of GS-LightGBM. [Conclusion] This method addresses the insufficient generalization ability

caused by the random setting of LightGBM parameters and enables synchronous and accurate detection of multiple nutritional components

in tomatoes.

Keywords: near-infrared spectroscopy; particle swarm optimization algorithm; tomato; nutritional components; non-destructive testing;

light gradient boosting machine
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Table 1  Statistics of nutritional components in calibration and prediction sets of tomato samples

FEALE R AL FEAEL fe/ME I PN T i 1 2 A5t R E%

KIE&E  TH5 % 353 4.08 12.70 6.62 1.72 26.0
SR g/kg 353 1.50 8.26 4.13 1.21 29.3
AR % 353 0.91 6.34 3.01 1.09 36.2
fer: K C mg/kg 353 68.80 493.00 205.12 98.76 48.1
Al R ) % 353 3.30 10.70 5.63 1.57 27.9
CSITEAE mg/kg 353 5.32 212.00 47.89 27.34 57.1

e TR % 118 4.11 11.20 6.75 1.70 252
R a/kg 118 2.17 8.25 4.29 1.25 29.1
TV % 118 1.42 6.72 3.16 1.15 36.4
Yt Z C mg/kg 118 88.00 493.00 203.45 92.68 45.6
AP DR % 118 3.50 10.30 5.78 1.55 26.8
LA mg/kg 118 7.22 111.30 46.98 26.12 55.6
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Figure 2 Results of near-infrared spectral preprocessing of tomato samples
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Table 3 Comparative prediction performance of different models for tomato nutritional components ( Egysgp)

[l TWR/ Y%  BR/(gokg ') FAPEME/%  4EEE C/(mgekg ') ATIAMERDIEM /%  FMiA%E/(mg kg ")
PLSR 0.400 0.695 0.782 6.893 0.458 18.762
F A4k LightGBM 0.312 0.523 0.596 5.347 0.342 14.325
GS-LightGBM 0.273 0.475 0.513 4.862 0.301 12.876
PSO-LightGBM 0.231 0.412 0.435 4215 0.265 11.243

%4 RIS F RS HOTE BE T e (R))

Table 4 Comparative prediction performance of different models for tomato nutritional components (R})

F TWR/%  SR/(g kg ') FTHMERI%  4idEE C/(mg-kg ) FEMEBIEY/% B4R/ (mg-kg )
PLSR 0.921 0.935 0.918 0.942 0.903 0.901
F A1k LightGBM 0.957 0.902 0.915 0.913 0.938 0.903
GS-LightGBM 0.971 0.936 0.928 0.937 0.952 0.908
PSO-LightGBM 0.982 0.967 0.959 0.974 0.965 0.956

K5 AEEBIRSENE IS BTN REXT L ( Ereny)

Table 5 Comparative prediction performance of different models for tomato nutritional components ( Egpp,)

i TWR /%  BR/(g-kg ') FAMERE/%  4iEE C/(mgekg ) TTIAMERIE/%  FMi4%E/(mg-kg ")
PLSR 4.256 1.793 1.725 1.864 3.382 1.392
F A4k LightGBM 5.478 2.145 2.036 2.178 4.521 1.896
GS-LightGBM 6.125 2.387 2.294 2.395 4.987 2.013
PSO-LightGBM 6.892 2.678 2.583 2.745 5.347 5.114
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Table 6 Cross-validation results

LD LR 2 Eruisec R’
TY % 0.230£0.004  0.983+0.002
R g/kg 0.41140.009  0.98040.003
AL % 0.433+0.008 0.98140.002
$rEEC mg/kg 4.205+0.065  0.978+0.004
i EE % 0.264+0.005 0.98540.002
S ITEARE mg/kg  11.241+0.087  0.979+0.003
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Figure 3  Fitting diagrams of predicted and measured values (taking DM and lycopene as examples)
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Table 7 Results of repeatability analysis for the PSO-LightGBM model
RS ERMSEP Ré
}El*/T\ N B
FEH i 2% A5 R Y% -1 P i 2 A5 R Y%
T 0.235% 0.004% 1.70 0.980 0.003 0.31
MR 0.418 g/kg 0.008 g/kg 1.91 0.964 0.006 0.70
CIRER ey 0.442% 0.008% 1.81 0.956 0.007 0.82
ferE#F C 4.287 mg/kg 0.075 mg/kg 1.75 0.971 0.005 0.57
Al DR ) 0.271% 0.005% 1.85 0.963 0.004 0.42
FMLLER 11.476 mg/kg 0.227 mg/kg 1.98 0.956 0.007 0.86
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Table 8 Performance analysis under different varieties and storage conditions ( Egysgp)

GrH A T % EARR(gkg ') wEMER% HERC/(mg-kg ) WIRMEETEY/% FALE/(mg-kg )
LR TR A (n=96) 0.228 0.407 0.429 4.182 0.261 11.175
WA (n=22) 0.243 0.429 0.456 4357 0.278 11.532
I8 0 d(n=40) 0.225 0.398 0.423 4.125 0.257 11.086
7K 3 d(n=39) 0.232 0.415 0.437 4.236 0.265 11.273
I 6 d(n=39) 0.238 0.421 0.445 4.301 0.271 11.387
®9 AEMRMEWEEG TS (R)
Table 9 Performance analysis under different varieties and storage conditions (R;)
o 4 T SR AV #ERC Al ¥ Pk [ T 4 T E

LR (n=96) 0.983 0.969 0.961 0.976 0.966 0.953

HOR A (n=22) 0.979 0.958 0.952 0.967 0.961 0.965

I3 0 d(n=40) 0.984 0.972 0.963 0.978 0.968 0.971

5 3 d(n=39) 0.981 0.966 0.958 0.973 0.964 0.963

I 6 d(n=39) 0.978 0.962 0.955 0.969 0.960 0.973
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