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PR R, L g S LAY TR I X
FT UL /ST 21 A0 1% R A B, LA 2 10 Kl 5 b i
AT 7 28CE A L 98 IO L 8 AL E Y
Specsuite JGHE 414 K £ 38 45 19 0] W3 21 40 6 i,
ISR TSR AL O . B TR % 1O

LIH8AL Computers 2064 LA (USB2000+ , Ocean Optics 2%
7)) USB2000+ fiber spectrometer; 3.5 48 Black box; 4.84-UV-25
W B 84-UV-25 collimating lens; 5.0 % Egg; 6.0/ 6 IH Ad-
justable light source.
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Fig.1 Visible/near infrared spectrum acquisition device for egg
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7 F B REAS TS AE A A9 R DG R A 4 3 O TR AR
F LT FE DRIE 3% 55O TR A T T D6 45 18 T SR B XS 4R
R G T S R . s G R R G R R T
8 WA [ N R — 2R 9 3 8 114 7 U B LR A ) =
2 PG EIE P, v A0 5 R TS SCAR BRI A 3 gt
T U AL A T L B M DA T AR 7 i A
I A I 5 433 v, ELSOMR 2R 0 OGS 1A A (B
1o ME LU T R BASE Rl Ak Az = e

A6 R SR BIEl Schematic of hyperspectral system; B:i&$ Y64 Transmission light source box; 0.3 egg; 1.3 L Comput-
er; 2.% # 4 Sealed box; 3. GISAHIHL Spectrum camera; 4.2 JF A HLEE il 4§ Stepper motor controller; 5.5 Hli#% Coupling; 6.0 HL f& B &%
Photoelectric sensor; 7.JiEJ# Base; 8.22#F Screw; 9.%31F & Mobile platform; 10.i% $1 648 Transmission light box; 1106 Light

switch; 12,35 51 Y6 Transmission light source;13. XU # Fan.
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Fig.2 Schematic diagram of transmission spectrum image acquisition device
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Table 1 The detection indicators,advantages and disadvantages of different spectral detection technologies in non-destructive testing of eggs
JeE A o 0 5 X P K /nm AUEE 7N P s/ B

Spectral techniques Detection mode Wavelength Index of detection Advantages/Disadvantages

BEERE R AL IR A R K T AR L R I R R/ R R

LT 18 544 SyLRE OB IR B M R S ) S 25K BR |/ 8 7 2 High

V\IIRS " Diffuse reflection 780~2 526 Freshness, protein content, fat reliability, fast detection speed/

JZ5F Reflection

QRS AP

4t Transmissi
Visible-NIRS %t Transmission

400~2 526

# 4 Transmission

er ol
H ﬁuuat ] F 4 Reflection 400~2 525
yperspectra 2 - )
. ‘ i Gt
1maging

Half transmission

g oLk

Raman spectra

H5t Scattering 532;785;1 064

content, variety identification,

etc

B R HICEE R L LB R B A A
FOE 0 [ A B L R M A
Freshness, blood spot, vitamin
E. cholesterol concentration,

poultry egg variety, origin, etc

B R G
A8 B0 | M BE A BE | R 2R 0 ) A
Freshness, protein  content,
embryo activity, hatching condi-
tion, blood spot and flesh spot.,

seed egg identification, etc

Poor sensitivity, high detection
limit, poor stability

PRER/IN A AR L 3 TR/ R A
2 K B L B E YR 2% Small
size, low cost, fast speed/Poor
sensitivity, high detection limit,

poor stability

% A R AR B DL G (5
KL/ B Ak B A R A B Bt
Contains image information and
spectral information/Data pro-
cessing is difficult and equip-

ment is expensive

G 5% A A L T AT IR )
T A 5E T RE Bk 23 BT/ — JE Y
IRPE . FRAL 3% 1 53 B (X High

detection  sensitivity,

o SN N N RN
i i % Melamine, eggshell film,

yolk liquid, freshness, etc

qualitative
and quantitative analysis of trace
level/Certain destructive, charac-
terization of the spectrum peak

resolution is low
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Table 2 Applications of NIRS for non-destructive detection of internal quality in egg

e g LoAUER 7N AL B 7 S A T A5 7Y o 0 A5 = a0 FB AL TV B VT A N
BELR . o ) . Sk IR
. Index of Pretreatment Optimal prediction Detection Detection Model performance )
Species . K i Literature
detection method model mode site evaluation
Iy % B = s
EES %91% FD-LBC R?=0.86
Hough units RMSECV=17.25
7] g R?=0.84,
R pH R : or
WL p Small end RMSECV=0.17 [35]
b5 (] RC R2=0.92,
Storage time RMSECV=1.37
X%ﬁf PLS 1 55 55t 7718 Equator
Eeg EIEEN AR D Diffuse I 38 SR 35 ¢ 1] R?=0.974 6, [36]
Protein content reflection Small end is about RMSEP=0.152%
1/2 the equator
7Rif Equator
715 3 B 2 s v 1] R?=0.906 3,
BN fiR Fat tent MSC 37
BB Fat conten Small end is about RMSEP=0.173 2 [s7]
1/2 the equator
W B BRI 5 43 4 . v s e o 2
Preserved )\Qllnlit MSC+ SVM bl i/ 2% i LS [38]
‘ ey CARS ; Big end/Small end  Accuracy :96.38% ‘
egg classification

7 Note:FD:—Br 544 First derivative; BC: F:£ £ I Baseline correction; SD: i 544 Second derivative; MSC: £ Jt #{ #f %7 1E Multi-
plicative scatter correction; CARS: 3¢ 4+ [ & W B I AL 7% Competitive adaptive reweighted sampling; PLS: i fix /> — 3 % 7] 4 Partial
least squares regression; SVM.: % #[i] & L Support vector machine; R? ;& E R ${ Coefficient of determination; RMSECV ; 3¢ X 5 IF #4 J5 22

Cross validation mean square deviation; RMSEP; #ii{ll #] /7 22 Prediction mean square deviation; [ [d], The same as below.
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Table 3 Applications of visible-NIRS for non-destructive detection of internal quality in egg

e g8 A 45 A Toi 4 3 77 1% s A0 T AR Y G A5 2 6 I 8 457 R M BRI Al b
BEER ) . ) . SCHik A R
. Index of Pretreatment Optimal prediction Detection Detection Model performance )
Species . . . Literature
detection method model mode site evaluation
(5 i = o s /) \‘é‘
BT SG+FD MLR A R=0.890 0 [39]
Protein content Equator
I R AL
y R,=0.816 3
Hough units 8 gt f
A Diffuse reflection R,=0.908 1,
Yolk index FD+ MSC PLS /ﬂ;ﬁ Big end RMSEP=0.037 7 [40]
X 78 PN R,=0.8778
Egg Weightlessness rate RMSEP=0.005 43
B B 5 53 0 NP -
e . Blsi /i RS
Classification FFT Ga . [41]
Big end/Equator  Accuracy:94.00%
of freshness
i ) DOSC+ A R
n_nﬁ‘&r" ’fﬂ- - >t RF it iy R N [42]
Variety and origin t-SNE Accuracy:98.33 %
S Transmission RZ—0.838 0
> SNV+UVE PLS g e 43
S-Ovalbumin B Big end  RMSEP=0.111 6 48]
1 P S 3 “Aﬁ B2
WE R . AN o [44]
Duck egg  Sex discrimination Accuracy:93.83 %

7 Note: SG: VGl i J7 ¥ Savitzky-Golay; FFT: P {37 25t Fast Fourier transform; DOSC: H # 1IF 32 {5 5 # IE Direct orthogonal

signal correction; (-SNE:z 434 2 fifi HL 48 38k #% A ¢-Distributed stochastic neighbor embedding; SNV . b5 #fE IE 2% 48 £ £ 1E Standard normal
ariate; UVE.; J0f5 B 28 & BR 7 Uninformative variables elimination; SPA ;7% £E #5235 7% Successive projections algorithm; MLR: £ 04k
P[RR R Multiple linear regression; GA : #4575 Genetic algorithm; RF: FHLA M Random forest; CNN. % F #1242 W 4% Convolutional

neural network; R : 43¢ &% Correlation coefficient; F[A] The same as below.
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NS AN 4 fron . B IGH 0 DL R N B %
K DX I, 0 1 5 XS S DI HEAT 1 2 B B e R R i) v
ERIE 90% LA |, Suktanarak 2554 R4 T W HE )
St R i G 0 8 2 e SR B AT T SR L SR
P E RECH 0.910, 37 45 & BIR AL B 2, HIANTA]
A B0 0 AR T 1) Iy 5 (L, S92 B 1 A O i m
L30T, Zhang 555 R w06 1% AR AR @ 3 B
fif 5 G I AR ) i AR R 0.87, HUH AT AU FTHIET
A9 R 2 AT G e S 4R 1) gy 2R AR T R X0, R i
B350k 90.0 %6 1 96.3 %, Fu 4500 i i
AR H AR HETE SO0 A S B SEAT T, 455
Bk PR AR S AT AL L T AN TEL 3 ] UL R
A EE P SE AR P A N R, BR OB
S BN L OGS R 2R 1R B F ) b A B
MR A, Park SE5TOR] 2 4 3 0 G % R 1R
ACSEBL T 02K B VR IG T M PR T, 38 AT

x4 BRIEBGEAREGE NIRRT HREN LR
Table 4 Applications of HIS for non-destructive detection of internal quality in egg
6 D00 4 AL 22 7 1 5 PR T A4 iRl LioRUIRHFa A P R AT A b
. . . . Sk A R
Index of Pretreatment Optimal prediction Detection Detection Model performance )
. . . Literature
detection method model mode site evaluation
E4 Bl 3 R=0.93,
N SD PLS/CARS . . 53
W e B / Transmission Big end RMSEP=6.44 [53]
Hough units 18 )7 4t R2=0.91
SNV PLS o 5 . R [54]
Diffuse reflection RMSEC=4.58
i R=0.87
Freshness il RMSE=4.01%
TE R %Gt Equator ViR i
Air chamber SVM Transmission Accuracy:90.0% [55]
) SPA T "
o it i iR
Freshness Accuracy:96.3 %
SHIHEA B " R=0.911
MLR i Bi d 56
S-Ovalbumin Transmission BUS Big en RMSE=0.011 9 [56]
S HE I 354 ) iR -
PCA IR Equa 7
Fertilization activity / Half transmitting i Equator Accuracy:99% (571
HEH R
MNF PLS it Big end N f ﬁir 8% [58]
o . ccuracy :95.
I i 32 i 41 e
Embryos fertilized Nor RVM Transmission #il Equator T % [59]

Accuracy:96 %

7E Note: MNF . fie /)M 7 438 48 $ Minimum noise fraction rotation; Nor: Normalize IH—4k; RVM: # 5 [ & #l Relevance vector ma-

chine.
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Fig.3 Visualization of S-ovalbumin content distribution in 3 egg samples
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Table 5 Applications of Raman speatra for internal quality in egg
; - , 5 e T A5 7Y M BRI Af s
GREA AL 7 ; 9 SCHk ok U
. Optimal prediction Model performance )
Index of detection Pretreatment method i Literature
model evaluation
15 Y2 ¥ The degree of pollution SNV PLS R?=0.900 [63]
= AU & B Melamine content BC R?=0.947 ,RMSEP=0.893 [64]
HEFEH Egg yolk index R?=0.972
K EEE Air chamber height WT LR R?>=0.919 [65]
H 1 ¥ Height of protein R?=0.947
¥ B Hough units R?=0.904
- R,—0.925
R s pH FD/SD L
R p /S PLS R, =0.935
b
LZE B AR Air chamber diameter R,=0.915 [66]
[ZEFE Air chamber height R,=0.830

7 . Note: b ffE IE S 28 B IE SNV . Standard normal variate; BC: 34 % IE Baseline correction; WT
B %% First derivative; SD: —- B 5 %% Second derivative; PLS: i/ —

regression,
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S50 B IR 55 A2 7= 1 £ BE 1 & B TR IR SR I8 K g
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BRIk d STz ooih, Haifk, 4Gk
AR b i INCINTRS TEA R4S A TN N L B TA=D e LA U
m&ﬂi%,m'ﬁxﬁﬂ“ﬁﬁgk H Fi e 8 AT Mk e B
#& I FH AT 5 ' 35 A 0 H AR 2 AT W3 £ A0 O T A
4 A Xﬁ?%ﬁuuﬁ%%i‘mﬁvﬂl SFRATIN R K

TEREREE T A — B — M AR, FE R i 1 4k
Bk B A RAL RS R AR 5 i Bl — B S
— AR AER AR AR B AR AR R L 4 R R I

Fil s 200 i 2 2 R R 2 A FO s R 5
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el A5 Y B 4 b 3 R AN [ 7 Bl AN (6] A5 B Rk
AR T FH AR ()0, 6 A2 2 o R ot A G 00 5 oK 5 D L
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(R R~ B8 BRI A DA I I A B8 17 O 27 4% B 28 1
A H AT B ey o R e D B OGS R A
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Progress of non-destructive detection of poultry egg

internal quality based on spectroscopy

WANG Qiaohua'?*®,MA Yixiao',FU Dandan'

1.College of Engineering  Huazhong Agricultural University sWuhan 430070,China ;
2.National Research and Development Center for Egg Processing sWuhan 430070,China ;
3.Ministry of Agriculture and Rural Affairs Key Laboratory of Agriculture Equipment
in Mid-Lower Yangtze River ,Wuhan 430070,China

Abstract The quality detection of poultry egg is an important safeguard for food safety and con-
sumer rights. Traditional methods of detection mainly rely on manual labor,which has disadvantages in-
cluding high intensity of work.low efficiency,and large fluctuations in accuracy.Spectral detection tech-
nology has the advantages of fast,safe, non-destructive,so it has developed rapidly in detecting internal
quality of poultry eggs in recent years.This article summarizes the progress of near-infrared spectrosco-
pysvisible-near-infrared spectroscopy,hyperspectral imaging technology and Raman spectroscopy in the
non-destructive detection of poultry eggs internal quality including freshness, protein content, fat con-
tent,blood spot and meat spot,information of fertilization,sex of breeding egg and viability of egg em-
bryo.The characteristics and difficulties of applying spectral detection technology in non-destructive tes-
ting of poultry eggs are analyzed. The development trend of spectroscopic technology is prospected.It will
provide technical support for supervising the quality and safety of egg industry in China.

Keywords eggs; non-destructive detection; quality safety; near infrared spectroscopy; visible-near

infrared spectroscopy; hyperspectral imaging; Raman spectroscopy
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