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Abstract: In order to identify the minced mutton products adulterated with duck rapidly and accurately, an electronic nose combined with
visible/near-infrared spectroscopy technology was used to realize effective identification. A total of 174 samples of minced mutton adulterated
with duck in different proportions were prepared, and electronic nose data and reflection spectra in the wavelength ranges of 200~1 100 nm and
900~1 700 nm were acquired, respectively. Two-classification qualitative discrimination and six-classification quantitative detection methods
were used to establish the support vector machine (SVM) and partial least squares (PLS) qualitative and quantitative discrimination models,
respectively. Subsequently, the six-classification optimal models were used for prediction based on two spectral bands. The electronic nose
detected and identified the six groups through the odor difference. The contents of volatile aroma components such as terpenes, aromatic
compounds, and organic sulfides in mutton were higher than those in duck. The PLS models based on two-classification methods and spectral
data of two bands were superior to the SVM models, and the total discriminant accuracy was more than 96%. The best spectral pretreatment
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method was multiplicative scatter correction, and the final optimal model predicted well. In summary, an electronic nose combined with

visible/near infrared spectroscopy can effectively identify the mutton samples adulterated with duck, thus providing technical support for rapid

and nondestructive identification of mutton adulteration.
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Table 1 PEN 3.5 Electronic nose sensor array and its performance characteristics
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Fig.1 The changes of pH (a) and color (b) of minced mutton adulterated with different proportions duck
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2322 SVM-R fil PLS-R 5 &5

P il B e R AR I R o e A SRR . B
N S (v L, R RO RO RS TR, R RS
AR ik S AR SR T RS R . % 4 bRERT
AFEITRALER F7 i AR 6 ik A R AR A
SVM-R 1 PLS-R 5 &M, 55 R4 itk d ik et LL,
Z85d SNV b 5, SVM-R B EREREE (L 6a),
H R% F R?p 73511 2K 99.68%. 98.99%. %t MSC 4h¥E
[ M) PLS-R BB ALRM (JLE 6b), R°cHl Ry
594 99.66%. 98.20%, FTEELRITHING 5K L {EH
FetkFR. [Fik, FIH 370~1 050 nm i B ] WAL
FhAE A AT SE I R PRGN B R PR A
2.3.3  900~1 700 nm AR T F R FHEARE L
198 1) AF Jo ) RIAE AL A4 22
233.1 SVM-C %5 PLS-DA IR

2 it AR B 2 T Y Sl 2 AR RB O R A
4l SVM-C 5 PLS-DA EMHFIRGR0E 5 For,

SVM-C 5 PLS-DA 5E 14551 25 5 BB E S AT 42
EFIRNESRG, HPBER LA F] 100%, BIIHEY
R R, g1%EH, 2T 900~1 700 nm #HE LT
Ah S AR Y STHLA 2 P 45 O 2 Y s S
2332 SVM-R Fl PLS-R & &R

AR LR 22 ok A [F] P4 B8 5 i b HE RS N 1Y 6
71253 SVM-R il PLS-R & BRI W 6 frox, 555
e AR GEAA L, £8id MSC ZhEUEHEER) SVM-R
AR REEEE (B 7a), H RIcH R4 11H 96.10%.
93.96%, TELEEIIATA SVM-R HEAY o LA ft e A e
FH A0t MSC AbHE S ) PLS-R BURY 2 3E fpe {0 C AL
7o), H RN Rp 237 98.24%. 94.60%, TEHINL
MIRTH PLS-R Sifrh B s ihoe 8, Frapiny
TG 5 B A etk R, Rk, wTEAFIE 900~
1 700 nm #EEIIT LA GIEEA ST A RSB A
LalvST e e llB

Fe 6 T 2 GER Y SVM-C 5 PLS-DA FETEFIRIZER (900-1 700 nm)
Table 5 The qualitative discrimination results of the SVM-C and PLS-DA model based on 2-classification method within the wavelength
range of 900~1 700 nm

AEHHH) B A4 F A E 0
Flp AR AL E A E Hhgr — _ B3 51 SE 5 2 0
= WEE FRE  AEE FME h
B0 24 18/18 6/6 100 100
SVM-C None £ 100
TR 120 90/90 30730 100 100
oo i 24 18/18 6/6 100 100
PLS-DA None . 100
#hEMNE 120 00/90 30730 100 100

%R 6 TRGETALIES R 6 72 FIEAHA SVHR R PLSR ERREMERE (900-1700 rm)
Table 6 The performance of SYM-R and PLS-R quantitative model for 6-classification method of different group samples established

by different spectral pretreatment methods within the wavelength range of 900~1 700 nm

——— : t Bk bIEY X AR
Rc  RMSEC s R»  RMSEP b Rcr RMSECV
None 93.23% 045  101/108 90.38% 054 3336 83.72% 0.69
IstD 78.35% 082 85/108 78.13% 082 2836 73.94% 0.89
SNV 86.68%  0.64 94108 84.22% 068 3036 71.98% 0.82
SVM-R MSC 96.10% 034  104/108 93.96% 043  34/36 88.02%  0.59
SG 90.40% 053 98/108 86.90% 063 3136 81.64% 0.73
SNV-1stD  45.62% 148  49/108 55.58% 148 2036 39.64% 1.51
SG-SNV  8334%  0.71 90/108 81.35% 074 2936 78.08% 0.81
None 97.29% 028  105/108 9201% 054 3336 90.47% 0.54
IstD 91.69% 049  99/108 88.75% 069 3236 85.10% 0.67
SNV 96.53% 032 104/108 9346% 050  34/36 90.11% 0.54
PLS-R MSC 98.24% 023 106/108 94.69% 044  34/36 94.03% 042
SG 94.42% 041 102108 85.63% 076 31736 80.69% 0.78
SNV-IstD  9226% 048  100/108 89.11% 068 3236 85.95% 0.65
SG-SNV  93.82% 043 101/108 81.02% 096  29/36 84.73% 0.68
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Fig.7 Prediction results of the optimal SVM-R and PLS-R model
based on the wavelength range of 900~1 700 nm

wavelength range of 370~1 050 nm and 900~1 700 nm

i a. b AT 370~1 050 nm #ELF St SVM-R f= PLS-R
R R, c. d AT 900~1 700 nm EEF AL SVM-R =
PLS-R 4£4! fim g5 .
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