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Non-destructive Detection of Egg Cholesterol Content Based on
Visible — Near-infrared Spectroscopy

Wang Qiaohua'” Gu Mengyuan' Liu Chengkang' Wu Jiaquan'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agriculiural Equipment for the Middle and Lower Reaches of the Yangize River, Wuhan 430070, China)

Abstract; As a high-quality protein source, egg plays an important role in the global dietary structure.
However, the health controversy caused by their cholesterol content has continuously attracted consumers’
attention. Traditional detection methods require sample destruction, which are time-consuming and labor-
intensive, and thus cannot meet the needs of large-scale grading in the poultry egg industry. To achieve
rapid and non-destructive detection of cholesterol content, the visible — near-infrared spectroscopy
technology was employed, combined with methods such as the least squares support vector machine
(LSSVM ), partial least squares regression ( PLSR ), and random forest, to construct regression
prediction models for egg cholesterol content. Transmission spectra of 135 fresh eggs were collected under
three postures; horizontal placement (L), tip-down (S), and blunt-end down (B). Combined with
preprocessing methods such as multiplicative scatter correction ( MSC) and standard normal variate
transformation ( SNV ), the effects of three feature selection algorithms, i. e., competitive adaptive
reweighted sampling ( CARS), successive projections algorithm ( SPA ), and uninformative variable
elimination (UVE) on model performance were systematically compared. The results showed that the
spectral collection posture significantly affected the prediction accuracy, among which the model built
based on the spectra collected in the horizontal (L) posture exhibited the optimal performance. After KS
data partitioning, the SNV — CARS — LSSVM model achieved the best performance, with the coefficient of
determination (R*) of the training set reaching 0. 919 0 and that of the test set being 0. 917 4; the root
mean square error of RMSEC was 60. 868 2 mg/ (100 g) , and the root mean square error of RMSEP was
41.0119 mg/ (100 g). It indicated that the established spectral model can realize rapid, non-destructive
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and accurate prediction of egg cholesterol content, providing technical support for egg quality monitoring

and consumer choices.

Key words: egg; cholesterol; visible — near-infrared spectroscopy; LSSVM; non-destructive detection
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Fig.9 R® and RMSE of LSSVM model after combining feature selection with different postures and preprocessing
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Tab.1 R’ and RMSE of LSSVM models under different algorithm and postures combinations
T ik B CARS SPA UVE
Jr ik e L S B L S B L S B
R} 0.9281 0.9840 0.8716 0.8963  0.8037  0.8586 0.9016 0.9897  0.8762
. R 0.9029 0.6602 0.7669  0.8850 0.9158 0.7706  0.9085 0.6111  0.7872
RMSEC/(mg- (100 g) ') 59.7780 27.3661 76.6964 71.8334 92,6287 80.1509 71.5588 22.5421 79.2861
RMSEP/(mg- (100 g) ~') 40.4319 104.7147 91.6397 44.8380 60.1174 90.8339 40.2064 108.3403 87.3737
R 0.9387  0.9298  0.8775  0.9224  0.9926  0.9221 0.8817 0.9367  0.8866
- R 0.7825 0.7298 0.7912 0.8231  0.6728  0.8122  0.9156  0.6947  0.7872
RMSEC/(mg- (100 g) ') 61.2529 35.6675 79.3492 64.1584 21.0781 61.7050 79.9190 59.0489 73.3473
RMSEP/(mg- (100 g) ~') 60.4784 90.3145 89.6066 55.0823 101.3028 82.7013 37.6330 88.3114 87.5219
R 0.9190 0.8740 0.8887 0.8720 0.8357  0.8549  0.8815 0.8904  0.8964
v R 0.9174  0.8920 0.8824 0.9361  0.8772  0.8827  0.9122  0.9064  0.9238
RMSEC/(mg- (100 g) ') 60.8682 74.1803 69.7655 79.9425 87.0723 83.8028 77.816 71.6479 68.84238
RMSEP/ (mg- (100 g) ~') 41.0119 72.0071 70.8506 40.1147 75.4974 78.5741 50.0949 67.8893 65.1354
R 0.8777 0.8689 0.9011 0.8707 0.8037  0.9054 0.8659  0.9187  0.8654
- R 0.8752 0.9184 0.8190 0.8767 0.9158 0.8176  0.8624 0.7035  0.8328
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RMSEP/(mg- (100 g) ~') 49.5262 55.7648 68.6804 49.2271 60.1174 63.9758 51.3992 103.8463 72.1354
R 0.4482  0.3163  0.4334  0.1705 0.1962  0.2322  0.8956  0.3518  0.5445
< R 0.3851  0.5393  0.4349  0.0874 0.0902 0.2775 0.2243  0.0768  0.0393
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RMSEP/ (mg- (100 g) ~') 128.6390 101.9367 103.3286 191.0974 154.1390 193.1167 149.4280 124.903 1 150.7797
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Tab.2 R’ and RMSE of optimal combination for different models

4 B : ﬂlléﬁ:&% . : U']'Jﬁt‘% .
R’ RMSEC/ (mg- (100 g) ~") R RMSEP/ (mg- (100 g) ")
L— SNV — CARS — LSSVM 0.9190 60. 868 2 0.9174 41.0119
L - NX - CARS - PLSR 0.847 7 77.438 4 0.858 6 78.561 2
L - MSC — SPA — RF 0.8917 70.249 8 0.884 3 43.988 7
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