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Fig.1 Samples of the experiment
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Fig.3 Original spectra of samples
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Fig.4 Spectra of egg powder with different adulteration concentrations
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Table I Modeling results with different

preprocessing methods %
kb3 Y24 Training set MHREE Test set
Pretreatment Ace Arr Ace Arr
Jt None 98.11 98.00 93.94 96.00
MSC 99.78 99.56 95.15 96.88
SNV 97.44 97.11 97.58 98.67
FD 99.89 99.78 98.18 99.33
SD 99.78 99.78 96.97 98.67
SG 97.67 96.44 95.15 97.33
JH—4k Normalize 96.00 95.78 92.12 96.00
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Fig.5 Results of CARS variable screening
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Fig.6 Results of SPA variable screening
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Table 2 Modeling results of EL with different characteristic wavelength screening methods

Hikhs [LAERTS FEF A W4 Training set ML Test set BRI PN /s
Pretreatment  Filtering algorithm ~ Feature number Ace/ % Arr/ Y% Ace/ % Arr/%  Time for individual tests
FD CARS 203 99.67 99.33 98.18 98.67 0.48
FD SPA 25 96.78 98.22 96.97 97.33 0.24
FD CARS-SPA 9 99.78 99.55 97.58 98.00 0.17
®3 AEMEBERWERNLER
Table 3 Results of the testing of different adulterants
Bk BEFEA Adulterationsamples B FEA Real samples
- o 5 — - NS Ace/% Arr/%
Types of adulteration g% Total RAEL Misjudgment SEL Total PRAEL Misjudgment
AN
AN B 45 0 15 1 98.33 100.00
One-component
— B
—HN B 45 1 15 1 96.67 97.78
Two-component
=04 ‘;;e 12
AN BE 60 1 15 1 97.33 98.33
Three-component
b1
Giakeda 150 2 15 1 98.18 98.67

All adulterated

23 BBREMEESREE

JE T A3 AIT AR AE A [F SRR A N 18 465 1) i) fiE
I, AR SMOTE 8346 5 2 70 M i B s 4R k1 7
P 3E. BBEAEA (36004, — 4B 1801, —
HIr AR 1801, =HH 3B R 240) F& R 22 1 %) 70 |
GRE MR AE , 57 PLSR GE MY

1) iAbBREE S . N [F] FiAb 2 75 1 PLSR S2AR 25
RNF AR, M ERECH 14 1), MSC kb 2 5
AT 1 PLSR SRS TN RO AL, BEAY 1 ROFT R, 43
51k 0.981 2 F10.940 9, RMSEC #1 RMSEP 43 5 2k
3.914 2f114.053 5.,

2) EMBEE B ai R 35 CARS.,
SPA Fll CRAS-SPA BIL i vEFHAE I, LA 28 J5 19
Pl E A& @S PLSREEAEN(K5) . 45 5w,
283 CARS 1 3 7 dE BRI S5 g, SL i 8 1 118 4>
FRIEJE A BIBR T 92.42% MK AR &, CARS fifi
J&i 9 PLSR # A 3l Il 48 R, 24 0.955 8, RMSEP 4

x4 ETFAEFALETER PLSR ZRER
Table 4 Results of PLSR modeling with different

pre-processing methods

Pr:fﬁjfem PCs R, RMSEC R, RMSEP
J& None 10 0.9554 59877 0.8833 5.3067
MSC 14 0.9812 39142 0.9409 4.0535
SNV 13 0.9734 46395 0.9276 4.598 9
FD 15 0.9899  3.2064 0.8755 54704
SD 8 0.9942 21862 0.7233 7.9682
SG 16 0.9894 29421 0.9317 44227
IH—4t Normalize 15 0.9796  4.0687 0.9033 5.069 2

3.802 9, Tl I A5 SR A 4 ke B A ARAT TR T

fifi F§ MSC-CARS-PLSR ## 51 53 51| %t — 41 4345
B 2 3 B = A BRI 4R T A B AR
MBS AT TR0, 45 2R A& 7 s, F300 4 [l
ZBUR, 53914 0.958 5,0.931 2,0.945 6 10.955 8,
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Table 5 Modeling results of PLSR with different characteristic wavelength screening methods
. PR P
Ak H ' ur‘%ﬁi%(tl FFAEAL R, RMSEC R RMSEP
Pretreatment Filtering algorithm Feature number !
MSC CARS 118 0.996 2 2.759 3 0.955 8 3.802 9
MSC SPA 30 0.968 3 5.066 5 0.890 9 7.7924
MSC CARS-SPA 27 0.983 9 3.623 5 0.927 6 5.424 3

RMSEP 73 ] 2 4.689 1.5.813 4,4.604 1 F13.802 9.

FERL X 73 B R A = LB R A IR 5 i T 245

W 2T A AT B AR EAS RO TN 25 21, L 2 22 A AT 2

AR B MR E R, B SRR

/1N A LLAMETE 22 580N AR AN 5 R i1 L
A

70 .
R=0.9585, RMSEP=4.6891
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TG/ % Predietive value
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H.5C{H/% True value

c
701 R=0.9456,RMSEP=4.604 1  :

40

20f

F /% Predietive value

0 10 20 30 40 50 60 70
H.59H/% True value

T E TR R A T N 8 R s TR B R R
AR AR R 22, 5 R AR 4B (e A A S PR
BB i HORE AL AR A D = sl Ik . BeAh, O T B R
HS M, S T 45 RO L 2 0 i e, R R
BRI PN PR REAT 5 SR T K

B
70

o
E R,=0.9312,RMSEP=5.8134
S 60 £
2 50 .
= '
% 40
£ 30
gz 20}
= 10t, ©
B ok .
U0 10 20 30 40 50 60 70
H.5C{H/% True value
D
8 7T R=0.9558, RMSEP=3.8020
S 60 ;
2 50 ;
5] i
% 40
£ 30
i% 201 . i
= 1op i
B ok

0 l‘(} 20 30 40 50 60 70

H.948/% True value

Az —H B RFEA One-component adulterated samples; B: 4] 733 A Two-component adulterated samples; C: =21 5B AR
Three-component adulterated samples; D : Ii A B{EEEA All adulterated samples.
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Detection of adulteration in whole egg powder based
on near-infrared spectroscopy

YANG Kai',HE Yuting', LI Wolin',ZHU Zhihui"*, WANG Qiaohua'*

1.College of Engineering, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Agriculture and Rural Affair Key Laboratory of Agricultural Equipment in
Mid-Lower Yangtze River, Wuhan 430070, China

Abstract Near-infrared spectroscopy was used to qualitatively discriminate the adulteration in whole
egg powder and to analyze the concentration of adulteration quantitatively. Six different pre-processing
methods were used to pre-process the raw spectral data. The competitive adaptive reweighted sampling
(CARS), successive projections algorithm (SPA) and combined CARS-SPA algorithms were used to fil-
ter the spectral data for characteristic wavelengths. Ensemble learning (EL ) model was established to quali-
tatively discriminate the egg powder adulterated. The partial least squares regression (PLSR) model was
established to quantitatively analyze the concentration of adulteration. The results showed that first order de-
rivative was the best pre-processing method in qualitative discrimination. The CARS algorithm had the best
effect of feature filtering. The EL. model had an overall discrimination accuracy of 98.18% for adulterated
samples, with the discrimination accuracy of differently adulterated samples of more than 97.78%.MSC
was the best pretreatment method in quantitative analysis. CARS algorithm had the best effect of feature fil-
tering. The prediction set correlation coefficient of PLLSR adulteration concentration prediction models for
one-component adulteration, two-component adulteration, three-component adulteration, and all adulterat-
ed samples adulteration was 0.958 5, 0.931 2, 0.945 6, and 0.955 8, respectively, with the root mean
square error RMSEP of 4.689 1, 5.813 4, 4.604 1, and 3.802 9, respectively. It is indicated that the near-
infrared spectroscopy can be used for detecting the adulteration in whole egg powder. It will provide a refer-
ence for regulatory agencies to detect adulteration in whole egg powder.

Keywords whole egg powder; near-infrared spectroscopy; adulteration detection; ensemble learn-
ing ; accurate detection
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