DR EmR Modern Food Science and Technology 2022, Vol.38, No.12

ET B FEMAI N/ LM BRI ER
Bt

SkEIE Y, AEREC, HEPKES, SKEAL', FERR T
1. TEXFRRERNHEFR, TELH) 750021)
(2. F B REAF R soo TR, RULRHIPRZ BRELXLKIEEEHEETEERE, LK 100193)
WE: Ak, BALATELFAFTHEAGAGE &, AT RNETEEEST LALLM ERK, LT EFAFHEARE
Lo AR| P8 P A S B A A A R H AT 174 AFER P HARR LI S, S ARE T A5 F 34342 200~1 100 nm. 900~
1 700 nm & K 56 B P 89 BAT g S, AR 2 9 R A B4 6 9 £ 2 4NE S A E T % #mZM(Support Vector Machine, SVM)
Fedipsg ) —Fk (Partial Least Squares, PLS) E M E ZAHBA R 6 9 AREBARITHM, Z£REW: €T ETUAHARE
LU - P T8 P B o 8] 69 Aok £ AT R B AT AR, FA AR IER R ARSI R L F R A AW EM RS EET
TR, AT HEANBBEIAE, HAPS £ 7 EAHE PLS B A AR BORAET SVM BRAL, L a5 Bo £ 32 5] 96% A L, AikfiEs
A5 AHHREL LGB RRE, BERERAFTAMNZR BIF, T HL67T N/ E TR AR TH ZERF A F 5 AT B e fs)
P AAES, A F R AR PR AL R R AR 1,
KR FAAEMN, ©F8, TR/ALLIRE, LA T4
XERS: 1673-9078(2022)12-383-393 DOI: 10.13982/j.mfst.1673-9078.2022.12.0155

Authenticity Identification of Mutton Based on Electronic Nose and

Visible/Near-infrared Spectroscopy

ZHANG Chunjuan’?, ZHENG Xiaochun?, GU Minghui?, ZHANG Dequan'?, CHEN Li*

(1.School of Food and Wine, Ningxia University, Yinchuan 750021, China) (2.Institute of Food Science and Technology,
Chinese Academy of Agricultural Sciences, Key Laboratory of Agro-products Quality and Safety Control in Storage and
Transport Process, Ministry of Agriculture and Rural Affairs, Beijing 100193, China)

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
E: ARDNEFEEATRRAESG pH RG22 FEFE (p<0.05).
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Fig.2 Electronic nose response signal diagram of minced mutton adulterated with 60% mutton (a) and 10 sensor response radar

diagram of the samples from six groups (b)
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Fig.4 Score graphs (a), load graphs (b), VIP graphs (c) and
model verification results (d) of minced mutton adulterated with
different proportions duck
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Fig.5 Spectral characteristics of minced mutton adulterated with
different proportions duck in the wavelength range of 370~1 050
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Table 2 The statistical results of samples of minced mutton adulterated with different proportions duck at different classification

systems
5 RI ik EAEAN RO FR A3 FIAEA FIAEA
100% £ 14 PUE 200 S 18
T A 55 6 syMCe
20k e o PR A
. glE2 xS 90 PLS-DA
0%~80%-F P 48 o
EURUIEE R 3 30
o 0%F M4, 20%F M2, 40%F R4, A IR 108 SVM-R oo
6 %%k . v " o &= AR
60%F M2, 80%F MM, 100%FMNAE  FusgLE 36 PLS-R

388



MK EmBHY
2 43 FEVERG SR B N ) Al S AN D S A

Modern Food Science and Technology 2022, Vol.38, No.12

PLS-DA FEVEFIRE R B, BOIEERAT 1 AMEASHI T
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SVM-C A EE R BoR, RIEERAGIESARER ZhE, FT 370~1 050 nm BB AT WAL LM EIERAR
100%, TR | DMEETFIVAEN, AIEME Y TSEIAEE N 5500 F NI TREE ) .
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Table 3 The qualitative discrimination results of the SVM-C and PLS-DA model based on 2-classification method within the wavelength
range of 370~1 050 nm

[ 3 Ak EHFFIAHK 35 EAHE BUHLE
T OkESR WUE REE  WEY% ’
AL 24 18/18 6/6 100 100
SVM-C None . 99.17
BhERE 120 90/90  29/30 100 96.67
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Table 4 The performance of SVM-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 370~1,050 nm
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None 99.63 0.10 108/108 99.08 0.19 36/36 96.52 0.32
IstD 99.69 0.10 108/108 97.03 0.30 35/36 95.71 0.36
SNV 99.68 0.10 108/108 98.99 0.17 36/36 97.51 0.27
SVM-R MSC 99.68 0.10 108/108 98.96 0.18 36/36 97.32 0.28
SG 99.21 0.15 107/108 98.40 0.26 35/36 95.88 0.35
SNV-1st D 99.61 0.11 108/108 96.66 0.3 35/36 95.51 0.36
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SG 98.51 0.21 106/108 97.67 0.27 35/36 95.22 0.38
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SG-SNV 98.67 0.20 107/108 97.78 0.26 35/36 95.42 0.37
a 7r b 7r
R"(:O.996 8 RMSEC=0.097 3 R"(:O.996 6 RMSEC=0.099 5
6 R?=0.9899 RMSEP=0.1731 * 6 R>=0.9820 RMSEP=0230 . i
N | P * ...... N sk P - ()
P T e e I f
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6 370~1050 nm Fff SVM-R F0 PLS-R #REIFMEE R
Fig.6 Prediction results of the optimal SVM-R and PLS-R model based on the wavelength range of 370~1 050 nm

389



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.12

2322 SVM-R il PLS-R & &4

AR R AT R = AR B R RS . B
M S AR, P ERE I A RS, SR A IE Mok
WAL VA A AR m R RS R . R 4 LURT
AN [ Ak B 7 AR TR 6 43 VR EE L AN R AR AR
SVM-R I PLS-R & &R, 5 546 ik A v REAH L
23 SNV 4 HJE, SVM-R #RIMERERAE (ILIA 6a),
H R2 MR 705104 99.68%. 98.99%. £25d MSC AbFH
JE R PLS-R BRI (WLIE 6b), R’cHl1 R%p
3N 99.66%- 98.20%, FITEIE A TINIE 5 H SHEAH
KR, R, FIF 370~1 050 nm B AT WAL LT
AMETE A AT ST A S AT\ 2 R A
233 900~1 700 nm EEFF A PH AR
1578 P A o ) AR AL A 32
233.1 SVM-C 5 PLS-DA &7

2 I3 RN R AR BE H T Al AN B D R
4 SVM-C 5 PLS-DA &% H i &5 Rk 5 fiw,

SVM-C 5 PLS-DA 7 11| 45 F %71 IR R AN Tt £
BIPAIERS, FAR IR R IIE R 100%, T
PRI RT, 45K, JEF 900~1 700 nm % BLAIT LD
AMETERAR AT SEILALE 5 1508 2 P s 201 .
2332 SVM-R il PLS-R & &%

AN FIZERE i 42 3 A TR TR B 7 V2 A B 5 1T 6
432515 SVM-R Fll PLS-R & S U1K 6 AR, 556
Rt REAR L, 4t MSC A S MR SVM-R
EAIPERE A (B 7a), o R AT R 239010 96.10%
93.96%, {EEESLIIFTE SVM-R BRL i BA % i i e
FH 20t MSC A2 5 14 8 PLS-R AR AL AR S LA,
Bl 700, H R2cF R 737508 98.24%. 94.60%, {EHEST
(FIFT PLS-R HE2Y d BAG =i (U 8 3, Pl
TRIME 5 B S EAH PR, [Kitk, W] LURIA] 900~
1 700 nm Y% B AR L o 1S HOAR SEHL 2R P S P8 N
PRI -

5 BT 2 HIERA SW-C 5 PLS-DA BIEHIFIZER (9001700 nm)
Table S 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

FIAEA MRE S & £ B ARH A PN AR % S A B2 F /%
A A F N 7 i =3 z - ‘g:“l 1 238
. T OREE mle  REgE g ’
EENOE ] 24 18/18 6/6 100 100
SVM-C None . 100
Bh¥Fra 120 90/90 30/30 100 100
s F A 24 18/18 6/6 100 100
PLS-DA None U 100
L ENLE 120 90/90 30/30 100 100

6 FRIZGIETIEFRIENI ) 6 772 EERFFZR SVM-R #0 PLS-R E=AREUEEE (900~1 700 nm)
Table 6 The performance of SVM-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

RIEE M E R E
FARE SR R’c RMSEC  tb#7] R’ RMSEP  tbAs) R’cy  RMSECV
None 93.23% 0.45 101/108 90.38% 0.54 33/36 83.72% 0.69
IstD 78.35% 0.82 85/108 78.13% 0.82 28/36 73.94% 0.89
SNV 86.68% 0.64 94/108 84.22% 0.68 30/36 71.98% 0.82
SVM-R MSC 96.10% 0.34 104/108 93.96% 0.43 34/36 88.02% 0.59
SG 90.40% 0.53 98/108 86.90% 0.63 31/36 81.64% 0.73
SNV-1stD  45.62% 1.48 49/108 55.58% 1.48 20/36 39.64% 1.51
SG-SNV 83.34% 0.71 90/108 81.35% 0.74 29/36 78.08% 0.81
None 97.29% 0.28 105/108 92.91% 0.54 33/36 90.47% 0.54
IstD 91.69% 0.49 99/108 88.75% 0.69 32/36 85.10% 0.67
SNV 96.53% 0.32 104/108 93.46% 0.50 34/36 90.11% 0.54
PLS-R MSC 98.24% 0.23 106/108 94.69% 0.44 34/36 94.03% 0.42
SG 94.42% 0.41 102/108 85.63% 0.76 31/36 80.69% 0.78
SNV-1stD  92.26% 0.48 100/108 89.11% 0.68 32/36 85.95% 0.65
SG-SNV 93.82% 0.43 101/108 81.02% 0.96 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
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