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Fig.1 Samples of preserved eggs in different qualities
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LH{LAR, TMSPRO B ¥ & & W25 L RAED,
Zolix Hyper SIS-VNIR-CL et @R EE L (RERTX
FAF). A2 Fiw, WAERE RGN ER BTN
(Spectral Imeging Ltd. 4+ ®), CCD T Ak #i #l ( Hamamatsu
AT 4150 WA R EIT (LR DL (XU A AT,
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Fig.2 Hyperspectral imaging system
1y Computer;y 2, Dark box; 3, Lightss 4+ Lens;
5y CCD camera; 6, Spectrograph; 7, Stepper motor
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L4 EERABENNESE

A TMS-PRO B €k 5 4 4 ¥ (L 34T TPA i
£ T #I 47 1 (texture profile analysis) ¥, ¥ REHR 25
MERDMR L cmX1emX1 em B3R, ZEABHE LRE P/S
FEERHREL, EERNERFFRESEY. MeEWHE
2 60 mm « min™", JEFHHEN 60 mm + min~", WEFAE
% 60 mm » min™", EH R 0.4, FIREWA 20 mm, 5|2
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%, BX 3 KBTHME.
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FIF Matlab2016a 44 2f UM 3 2 5 BT £ T
#¥ IE (multiplicative scatter correction, MSC), £ G848
(continuum removel, CR), — 3R % (first derivative, FD) I
REBRERA—RRBPEESTRE(CR-FD) A5 —#%
. FIFE SPSS ${F R Pearson R EXN FRAML M
— S BN ERTTHRES.

— ¥ #H 3% 3t ¥ (two-dimensional correlation spectra,
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EEHE, 4300 EHR¥ x i THE Y 58 bR 5 SR
H.
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PR, 2 BL1~520, 5 BY 450~1 000,
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RERSE. ARG EFRAE Ry MRS A
51| 4> #7 (peartial least squares discriminate enalysis , PLS-
DA), BP (back propagation) 3 & [ &% #1 B 1 # # ( random
forest, RF) =#h 42 B it 17 BE 3R i PR 3.

By EESREE, RARERN R iR RERE
431718 3 (relative percent deviation. RPD) 3% PLSR #i E
MEMER, R @A, RMSER&/h, 2EHAENTNER
¥.RPDERTHARTEE, & RPD<L. 4 8f, AARNE
BRTH, 4 1. 4<RPD<2Bf, I\ N HMERTH, %4 RPD
>26f, HEMERERFATNES.
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V4. TR R A AP R A — R M
2, ROC i £8 il 52 B 43286 2% 76 31~ g 08 Bsf of 0 2 &Y 1R 5! B
71, FlERF AT M (area under curve, AUC) FiJefE X2 &
B ER.
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449.6 F 952.5~1 000 nn M EIFFAE A B AR, BEAE
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Fig.3 Original (a) and mean (b) spectra of egg samples
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Fig. 4 Parameter statistics of gel texture
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EHE S EEBLHEE, AT ETHNEE. A8
K.~ RS, EHERERA—MRIEATHR, ERF
AR AL HERSEEERRASENEEE, 8
IEEENSEAEEERMEXERBUERRAHXREN
MEBEEE, AE S ME LR,

p1 B 5Ca) AT 41, MSC 1 CR ZF ¥ 5 i % JO B0 B 04 3%
HESHRML, B MSC, CR ZH#H A M 7E 541~778 1 537~
803 nm B 5 BERE SR AT A4 T 0. 01 R B ¥4
XAKTF, HBIFETIAM 726 om SR BERAENESER
FEMIREEE AR et MK, % —0.832 #1—0.871, H CRE#H
EREREEEXTF MSCE#HRER; &1 FD # CR-FD E#:
FHXESEABEENEERREERRERTE FAES
BERHME 541~601, 652~731, 742~753 f1 802 ~842
nm HEMESERERAEENEXEET 0. 01REFMAX
K, 4Bl 657 F 683 nm A R BEBR MR RS ER F

MWW R g ®Ac, 0,813 f10.882. A, W 5B
7 XA FIZE 8T A 6 T 2 AT 3 5 0 M A AT AR R4
4487, B MSC #1 CR B85 MM, mEailE
450~523 F 450~519 nm R A B TFREHESFHE
#EB) 0.01 F A B FHRKT, 7€ 739~942 fl 714~946
nm HEMARTERTERESHHEAESTE 0.0l RELK
HRAF, FE806 M 817 nm b A M EBRM R HES MMM
BEHEHE B, 48N 0. 714 F 0.782; B FD # CR-FD 2§
RG0S AN XERR BRI N ERZL, A
WA ME, FE 472~491 F1 517~603 nm P B IE AT
0.01 H i BHHEAT, 7 654~821 F B46~950 nm P B
AR 0. 01 RIEB FHEXAF, 4312 713 1 715 nm &b
MEXNEREHES EAMERXERT, & 0.862 A
0.865; FMLAT L, & CR-FD A i 4% 3 5 8 (0l 55 88 B R
HWEWRMHERERL TR FENRXEFTFER.

21 EERBREARERAHEIRNASGERR
Table 1 Maximum correlation coefficient and sensitive band of texture properties of preserved egg gel

R WE/N Bk
BAHERNK P E#E/ nm BAHXEN EHEEE/nm
FHF MSC ZE it —0, 832 541~778 0. 714 450~523
F 3 CRZE# —0,871 537~803 0. 782 450~519
i FD B8 0,813 541~601, 652~731, 742~753, B02~842 0. 862 472~491, 517~603, 654~821, B46~850
il CR-FD %8 0. 882 541~599, 654~726, 728~741, 799~840 0. 862 474~490, 513~589, 657~825, 851~850
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Fig. 6 (a) Two-dimensional correlation synchronization spectra of texture properties of
preserved egg gel, (b) 3D stereo plots, (c¢) Autocorrelation spectra
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Fig. 7 Hardness characteristic wavelength distribution (a), springiness characteristic wavelength distribution (b)

2.6 PLSREEmMBRYSHN
R 5 #MAFMICEEY & SPA, CARS, GA, PSO #
UVE MR ER K /E % PLSR UEIR 52 i, R SER

BHEEAMRESHEIEER, By RASAE. F2kH
WA TRE L, AR R, RENEN R
ke 2 Fiw.

$2 FERAEERTEEN PLSR HERNNER
Table 2 Prediction resnlts of PLSR models for hardness and springiness of preserved egg

HEIESR

it b

Bt diin Rk i i 3k 838 BETH T e = YT RPD
x 434 20 0. 732 0. 985 0. 693 1. 327 L7
SPA 9 B 0. 782 0. 846 0. 723 1. 105 L&
CARS 25 12 0. 823 0. 893 0. 786 0. 876 1.8
BN GA 11 0. 767 0. 754 0. 745 0. 943 L7
PSO 20 10 0. 872 0. 815 0. 826 0. 874 2.0
UVE 19 13 0. B34 1. 164 0. 804 1. 254 1.8
x 434 19 0. 752 0. 357 0. 731 0. 486 1.8
SPA 8 7 0. 836 0. 364 0.792 0. 435 1.6
Wi/ % CARS 25 18 0. 875 0. 248 0. 848 0. 356 2
GA 26 10 0. 843 0. 372 0.823 0. 417 1.9
PsSO 23 12 0. 926 0. 318 0. 886 0. 402 L9
UVE 22 13 0. 834 0. 367 0. 815 0. 478 L8

WE2ALURY, sSHERLEERFEFBIATNAR

HEEABRENTRNRAT AROGNER,

L4kl PLSR HEMNFRARFAABEMNRA, BHE
ERBMENTNMR R 45 7 0.693~0.826 M 0.731~
0.886 2/, &N EHABAKE T4, BHIEREHETE,
EERVHRASSTEERERSN S HHATNEY R
HRIRET 3%, 9.3%,5.2%, 13. 311 1%, WiERr
MEATRER HRRETE. 1%, 11.7%, 9.2%, 15.5%
a4k, ABEWERS, RHEEMMNER PSO-PLSR
MEM R A%, B FRiIRE RMSE &{E, M AHiRZ
RPD @K, BEikik# PSOPLSR AR REREREHK
M. B AR A RN PLSR KR
EATRE, TLEE, PSO ¥ k4 PLSR 88 4 5% &K

.7 EERENHEN

ATHERFNARASFMEE, RALUMEREER
HHEMRN PSORERREERK, #8IAM 20 M ER
FREIBARSHFAB PLSDA, BP # RF - 88 E.
MEARERZ 1S, BIAEENLEEEFEIS K. 4
BEGE. FARE 208, HERERYS ROC #i&&inA
9Fim, PLSDABEMERBEARE, REESSHEN
EREE2 UE, AEBEMNERBELRS 1.00; HEZ
F, BP AREBM S4B LSS, SEBEN 52 RF 45
HE¥ Rk it T BP #H,
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REEEAWER ., REEHXERK, 457 683 M 715 nm
BB K 0.882 A1 0.865, BT MR EB,
DA e A B A A 3 T, i 476~851 A

483~826 nm W EUR BB HEA SR EEMBENTR
R 8.

(2)%t H SPA, CARS, GA, PSOfl UVE iX 5 #hi&E Ik
S O i, B B 4 B BE Y B {0 By PSO-PLSR, @M
£ R #1 RMSEP 3 0. 826 # 0. 874, RPD 3y 2, X Fitkm
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Nondestructive Determinations of Texture and Quality of Preserved Egg
Gel by Hyperspectral Method

CHEN Yuan-zhe' , WANG Qizo-hua'*" , TIAN Wen-qiang' , XU Bu-yun', HU Jian-chao!

1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China

2. Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan
430070, China

Abstract  As zn important quality parameter, texture can significantly affect the gelatin quality of preserved eggs. There is no
effectively rapid detection method at present, In this study, hvperspectral imaging technology was used to predict preserved
eggs’ textural characteristics and classify different qualities. Hvperspectral data of high-quality eggs. qualified eggs and
unqualified eggs were collected. The original spectra were transformed by single and combined transformation to analvze the
correction between one-dimensional spectral and textural hardness and springiness. It was found that the spectral reflectance
after CR-FD transformation was most correlated with the hardness and springiness of the gel texture, and the maximum values
were (. 882, 0. 86 5 at 683, 715 nm, respectively; The hardness and springiness were taken as disturbance factors to explore the
optimal research area of the hardness and springiness, the results showed that: When hardness was used as disturbance factor,
autocorrelation peaks existed at 476, 539, 647, 672, 728 and 851 nm. Spectrzl signals at 483, 572, 657, 739 and 826 nm were
maore sensitive to springiness value. Therefore, two sensitive bands, 476 —851 and 483 ~ 826 nm, were finally selected as the
study regions for gel hardness and springiness. respectively. Comparing five different variable selection methods({ SPA, CARS,
GA, PSO and UVE), it was found that PSO-PLSR model had the highest detection accuracy; theR] and RMSEP for predicted
hardness were 0. 826 and 0. 874 with an RPD of 2. TheR} and RMSEP for predicted springiness were 0. 886 and 0. 402 with an
RPD of 1. 5. Three different classifiers were used to predict preserved eggs. and the classification accuracy of high-quality eggs,
qualified eggs and unqualified eggs reached 97%, 92 and 100%, respectively. The accuracy and generalization ability of the
PLS DA model were better than the BP and RF model based on the confusion matrix and ROC curves of prediction results. In
conclusion, the hyperspectral technique can be used to predict preserved eggs’ textural characteristics and classify different

quality of preserved eggs.
Keywords Preserved eggs; Textural feature; Two-dimensional correlation; Hyperspectral technique
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