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Research on the detection model of egg freshness based on the

near-infrared spectroscopy technology
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Abstract; The rapid and nondestructive detection method of egg
freshness was investigated based on the near-infrared spectroscopy
technology combined with the wavelength selection method in this
study. We promoted using the egg yolk index as the target to
estimate the freshness of eggs. The results showed that the models
established for pH value and Hough units were unacceptable and the
egg yolk index detection models were the best. By applying the suc-
cessive projections algorithm (SPA), 12 wavenumbers were chosen
out, i.e., 4 188.6,4 593.6,4 855.9, 5 311.0, 5 376.6, 5 935.8,
6 306.1, 7 243.3, 7 328.2, 7 343.6, 8 130.4 and 8 531.5 cm ™~ !. Ac-

cording to the index of thesel?2 variables . three egg yolk models. in-
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cluding partial least squares regression (PLLSR) , principal component
regression ( PCR) and stepwise multivariate linear regression
(SMLR) ., were established respectively. The results of these three
models were basically similar, and the SMLR were the best among
them. The prediction correlation coefficient (. ) and the root mean
square error of prediction (RMSEP) were 0.950 and 0.030 of SPA-
SMLR model, respectively. Our results indicated that detecting the
egg yolk index by using the near-infrared spectroscopy technology
was practicable. Moreover, the performance could be improved by u-
sing the feature wavelengths as the input. This study will provide a
theoretical basis and new clue for the further development of the po-
tential effective and nondestructive detective equipment in egg fresh-
ness grading.
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B AR BRI IR B B A A A A e B
BEREN, R IE RE R A AR T T EL AR A B R 1Y
WA IRZ e R RER R ER L EE

TR ERE pH (4 T4, [H NN 22 3 X & E I
T S BTG ik AT T IR R S WA IR R T — 2k
WFFE U - H A 2 R D L 20 AN e e 2
FEPEST HLES LA 2 E R A T A AR R
R ) 26 g AR ARG 0 R B

MLLLAMERERE AR E 2 B T AR b s e L

EHARMEE BA HRR SR o B AT LA ™ i B
PR B SR IBORH 6 A B o 68 B 0 TC AR Rk b W R PR, T
VAZ2 2 53 IR ISF I 5 o 2k B R P 8 M 8 32 il T 7 R A ) L
ATATE . FRT. A A — S8 i 5T 2 5 R AT LM BR
X M5 A O i e B A2 N G A ARG I A A L P e T B
BARAR o Al I B AR SR A IR B e fE AR AR R
WHCE 2 BRI AR BRI 1 7R S B8 L ORI

115



s 5 (R &

2016 % 8

JH T 548 e 0 AL F R AR5 . SR JH I A D0 35 T 06 0 Ol 3 4
8 AT ARRAE P A 42 TCRT g 2 g A AR AN 450 4 R A A
RORFLR DY . LR S AR AR T I A DT Y R R
BEHEBAE g 7 B RE PE M 48 AR . AR R W IR AL b e R AR
W kg 1 AR R I S TARSE R BRI 2E . HETW
A T R AT W/ 2T A0 G T ) R B AR BT TS
AP 3K S 7F 5 T S T A A A 2 L G TR A R AR

PRI, AS B 90 ik 1 3 21 80 5 3 18 = 5 R L R 2R 4
B g X0 6 R BT AR L T R ) pH A R0 A R AL
S5 HE R i R O AR R DU 5 SR B IRURR AR D L ST XS TR
A 1B T J5 8 A T A R i e R R Ak b X8 2K 01
i B HEAT TR o 8 TE A — 20 T R A e 43 4 5 A% A
a7 48 RS I 104 Tk i (L 300 1K 4
1 FRLSJ5i%
1.1 Rt 5=

BEEXGE TE . Z A R TR KK G5 1~ 100,
430 10 41 RAE TR R 24 °C IR JE SN 70 %6 1 1H IR 48 18 2R
BEE

HLF RV APTP452 B, o [E PR YI 22 W 45 24 Al

pH :ST210 #1, 2 EH OHAUS /A #l ;

liFks & R MNT-150E B, v [ 1 i SE i R 7 5

WL AN T - Antaris [T 8, 38 [F 28 88 KRB A .
1.2 KA ZE
L2.1 GRS Juilh R AT B R RS B R I L W R
T4 15 30 R BE s S R R BB S d K IR 3 G 5 ik X
10 A B SR AE AR YOI B TGRS AR AR & B B 43 i
8 UGG . G R AEE ] 10 000~4 000 cm ', B 4506
WEALHE 1557 AN AL HA IR B 32 Wk, HEli Rk d
S8 e 8 18 S SR AR AR B L AR B SR TR S 41 A0 O R
JE A v PR 0 85 5 PN B SR BIR AR G 4 T AN A TR
30 min, N T AMEARNERERE . BOEARE LT HE
3 YR 3 OGRS IOV 3B A A AR 11 JB A 3
1.2.2 PALARPRAOIN E X HRT F B N T O A A 4R U 4
BRI M ik 1 pH (%, X BORT B 2R R AR
R SR HORS s B pH E R BT B pH E
Hy 8.9 iy s W R AL B Haugh 78 1937 4E48 L, #IA N 2 &
B S AR AR

SR FF I RO S8t X0 26 R 5 A o 3 R R B AR LR
PR T X AR Y T A 8 XY AR T BE OF Bl T KT OF TR Y
90 mmX 90 mm MAZIEFE L b, 8 H 8 o 5 g bs R
FODN 08 25 25 1 B R B A B E AR R R (D i
BRI EC R X (2O T KA, e R pH
I X R H 0 pH (A

Y,
YI = Yil, , (D
HU=100Xlg(h —1.7w" +7.57), 2)
iﬁl—,_!:
YI— B AR
Y, — HE &, mm;

116

Y, — H¥ HRZ, mm;

HU——M R EA

h B mm;

w— GEER ..
1.2.3 ok b i
algorithm, SPA) J& —Fli fili 5% 4 45 [A] 2 28 P s /N b 1 I o) A2
HEPETIE BB VOB HE M T4 & A I IR B TR (R
S AR A (A AR 2 A] Y 3 4R Ok B e L e AR A
B 4 R AR BRI S R A 1 FT LS k21 ],
AW 5E K H] UnscramblerX10.1 (8@ CAMO 2 %)) Fil MAT-
LAB 2010a(3% [ MathWorks 24 ) % 4 3 17 5 4b #8, 3i
b A5G R G BB B AL IE 1 J5 MR 3R 22 (root mean square
error of calibration, RMSEC) FIA A {14 15 i 45 J5 #i 1% 2% (root
mean square error of prediction, RMSEP) X} #i 5 [ £ & P il
W PEEAT TP AL B AR O R B - BB I (R0 45 A% IE 4R
A I ZR B r e NI R AH SC R HL 7)) - RMSEC Hl RMSEP
AN AT T P A TR R R A T
2 g5
2.1 IELISMRE S

A1 a] g, X B A ARG T AN i TE T A A
AR I . 10 000~7 300 em ™' Ik HFE I P O 33 AH Xt - ¥
B B A U0 B 8. 7 300~6 500 em ! i K3 B Y
B W WS 458 W . A N—H g O—H 8 K A M i 5 400~
4 700 em "B EIE B DY AY U SO0 R Ol wR AL f) 5 N—H B
O—H g KR [ 00 A W0, 3K 2 I XS 2 30 41 51 18 B i O
T AT DA G b S X R R A A L

% 2 % 5 B s (successive projections

MEOA
X 204
=

<
o

0.0 L L L L L |
4000 5000 6000 7000 8000 9000 100
it

Wave number/cm
A1 MEHAGLELIIRER
Figure 1

The near infrared spectra of eggs
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Table 1

The measurement of the freshness

quality parameter

ik FenE| TR RHER 2 BRRE/ %
AR 0.159~0.505  0.309  0.095 6 31.0
W R AL 49.5~81.8  68.1 5.82 8.54
HEpHE  8.07~9.87  9.29 0.309 3.33
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Table 2 The modeling effects by different spectral prepro-

cessing methods application for YI detection
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Raw 0.908 0.041 0.905 0.048
S-G 0.910 0.043 0.908 0.044
MSC 0.965 0.025 0.923 0.038
SNV 0.899 0.043 0.872 0.048
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Figure 2 Feature variables selected by SPA
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Table 3 The results of different models for YI
determination
B IE4R T A

Ak 305 1k

7 eal RMSEC 7 pre RMSEP

PLSR 0.965 0.025 0.923 0.038

SPA-PLSR 0.952 0.030 0.945 0.032
SPA-PCR 0.949 0.030 0.943 0.032
SPA-SMLR 0.952 0.029 0.950 0.030
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Figure 3 The comparison between SMLR and PLSR
models of YI prediction
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