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Research progress on the application of near-infrared spectroscopy
combined with chemometrics to quality analysis of livestock
and poultry meat products
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ABSTRACT: Meat is the main source of human intake of protein, with the improvement of people’s living standard
and the pursuit of nutrition and health, its demand is increasing. Meanwhile, there are many problems in the field of
meat products quality such as freshness and adulteration of meat products. In order to improve the time-consuming
and laborious properties of traditional meat detection methods, the detection methods of meat quality are gradually
becoming more diversified. Near-infrared spectroscopy has been widely applied in many fields including biology,
medicine, and food industry. The combination of near-infrared spectroscopy and chemometrics can be used for
qualitative and quantitative analysis of samples, which presented the advantages of fast, non-destructive and
high-efficiency, and was suitable for on-site real-time monitoring of meat and meat products. On the basis of previous
research, this paper summarized the research progress of near-infrared spectroscopy in recent years in freshness,
variety identification and adulteration analysis, origin traceability of livestock and poultry meat products, in order to

provide theoretical guidance for meat product quality analysis and quality control.
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(algorithm random frog partial least squares, PF-PLS)X ¥4 4k
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Fig.1 Experimental procedures for the detection of pork freshness’"!
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Table 1 Detection of meat freshness by near-infrared spectroscopy

A Eiztan J 1% ¥ il /nm i yipiN TG 27 30k
TVB-N R%p=0.8618, RMSEP=3.910
in 1000~2500 PLS [25]
pH R?p=0.9379, RMSEP=0.1046
TVB-N 833~2500 RBF 100%
WA [27-28]
pH 833~2500 MLP 100%
£ TVB-N 935~2539 PLSR 100% (6]
4 A
TVB-N 1852~2500 PLS R2c=0.9366, RMSEP=3.15 [29]
K
A TVB-N 899~1725 PF-PLS R%c=0.9669 [32]

T AR L PR BN T 2 M %% (radial basis function algorithms, RBF); 2 28148 A T4 £ 4% (multilayer perceptrons algorithms, MLP);
TR 4K 2 52 R % (correlation coefficients of prediction, Rp); % 1E % #k 7€ 2 ¥l (correlation coefficients of calibration, Re); 38 XIS IETE R EL
(correlation coefficient of cross-validation, Rev); Tiill 34 75 #1322 (root mean square error of prediction, RMSEP),
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2T AR B AR P & B 107 ) Ak AR s T T
S0 B PRI B M (R 2) . T AR POk B [ i R e )
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WS TBA MG KA, 2 FI [ H &R H0% (regression
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Io TRIESE, S AN R S Rl IR AT BN BT A4 g i 2100
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Aib B R I R S B TR 5 SR A R R &
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2.1 BRBEFR

EAESR, FIFELLAMGTEH AR & W BB A
ST 2 . T BREPYIXT 235 ASASTA] S 0 2 P RE
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T UG BRI 2R R TP AR B4 B R 0 A, A

1R EA A P (invasive weed optimization, IWO)ZE & 1/
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PIER 2355 93.6%%), ORTIZ SR T 12 IR A H
b 0 BB JURE il DG 8, SRJH PCA Il PLSR 2
SERIERETRY, X ECRRG S VAT T e I, e I E R
BOM 0.89, fARMSNIEI Tt IR2EH 0.62.
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PCA FFHbE T ANIR] St A PR S RIS R S I e PR S 0], Kt i
GBI AER RN 78.87%~87.32%. PARASTAR Z:*
FF % T BEHLF 23 18] 34 51 45 A (random  subspace discriminant
ensemble, RSDE)/2E 578, FFAIFIUTLL AN GIEAS RS A Ay 2L
S, MERRRATIA 95%LA bo AR, FEHIASY T AL
AMETER ARG A A B R X AR B S AT XS e P S, X
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Table 2 Detection of freshness of poultry meat by near-infrared spectroscopy

A EiEgan FeHEE El/nm AT TR B EZPUN
5 Py TVB-N 450~950 PLSR R*p=0.859, RMSEP=1.060 [33]
R%c=0.727, R*p=0.976,
TVB-N RMSECV=3.666
1BA 950~1650 PLS [34]
- R%c=0.991, R?p=0.705,
p RMSECV=0.028
X A TBA 900~1700 PLSR R%c=0.945, RMSEP=0.053 [36]

3 LB IEY) J5 # % 2 (root mean square error of cross-validation, RMSECV),
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Table 3 Meat adulteration analysis using near-infrared spectroscopy
B bR JERE Fl/nm TR T A B S 3k
. FIRAHA 400~430 LDA 100% [38]
. PLS-DA R%*c=0.99, RMSEP=0.08
. ER — R [39]
SVM Rc=0.97, RMSEP=0.24
PLS-DA 93%
B.F L FRILER 350~2500 [40]
DCV 93%
IR A T 496~1000 LS-SVM Rc=0.97 [41]
Sl diade R’p=0.95, RMSEC=4.74%, RMSEP=5.67%
R?p=0.9774, RMSECV=1.08%
H 5 - P , ,
HAb A 25 1000~2500 PLSR RMSEP=1 84% [42]
. FRBIRYINEA 400~1000, PLSR 60%~100%, R*p=0.78~0.86, [43]
i 37 900~1700 RPD=1.19~1.98
_ PLSR Al 83.33%
Al oy o ~
4B R G 7 1000~2500 LOOCY R2ev>0.98 [44]
ANTFVSE R (R 5 % ) 1000~2500 PLSR R%cv=0.89, RMSECV=0.62 [45]

W — SCHRARIR I W IE Y5 1% 2% (root mean square error of calibration, RMSEC),

23 EEAEEEmENANS
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BN M A L RIE . ITLTAMERES AR AT A 550 B A [ Fh
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2 i ) 22 T - H (R RN TN 4 AH X5 235 ) 4 A 2R SOk Bk
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AT RRFENTE TR GG IR/ RIRER; HE
A/ I = JCIR S (2 NS A5 D) B2 0~100%K1)
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PR R 28 M 31 R B 2% e S A T AR, AT DAAEAG I
KB IBARAE R 1 EEAEA
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FEBED T4 FREE R BRI AL |
B PG 2= RN P ZEAR A A R BFFE R 4, A PCA FI
%mu%ﬂ%‘]ﬁ*ﬁ(canonical discriminant analysis, CDA)}%W}E
P24 PR 7 b B 050 ) R S AR, S TE A 38 45 5 100%
K BEHECTIZE 1000~1799 nm P4 K X 3 [ P 5% oty 7 et
A 3 0 A PR DR A TN A BE R T4 4, DN LR I
HEAB, Koy, BT ROEIERIMR, 454G PLS-DA H3E
PRSI AR AY, 45 5L R T ERS 21 100%. 41
TAEDDRAE 120 NETF 3 AT L AR TE
900~1700 nm S A O 1 Hdl, s dee R I R,
FURHER RN 85%

s 780~2500 nm BTN, XTS5 AR
[ # 649 100 3G AR A SEA TR AR AT 2L AN G Bdle, I
EFT PCA FIERZE43Hr(cluster analysis, CAYFIENG P = Hi Y
SEPERIRISRL, FIBIAETIR N 100%., AHUE, PSR
ARoK F N TR] 7 b 1 28R ) Ak 3 20 7 3 PR RE AR Y T 21 50
FeiEE T PCA R CAWFSE, XX AP~ S AL EA TIIE, 131
IEFRATIR 90%~95%. I 4 MHFREHUES:, LMt
TR AT TR PR ) il £ 7 b 89 D5 03P AT T A T

F 4 EASNSEERARR T AR~ RS

Table 4 Near-infrared spectroscopy for traceability analysis of meat products

A i Tl /nm B Ik THINHE BE /% 2% 30wk
AR P2 A A BRI AIE. | 37 78 % £33-2500 PCA 100 [16]
AN C A8 Hr 4 1) CDA
AN TR 7= b A TR G 388 0 PR 52 1143
1000~1799 PLS-DA 100 [52]

A PRI KB4 7))
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=4
A Sl /nm TR TIOIAE BE /% S 3CHk
KNN
NGNS eS| 900~1700 85 [53]
PLS-DA
ANTR] = A A G 7 K% | Tk PCA 100
1b. W F . WY EE . HEYr 780~2500 [54]
) CA 100
ANTR P HURG Y (B BT 22 P PCA 90~95
17, MBS WoAhE) 1429~2500 CA 90~95 3]

K Filr 443 2858 1 (K-nearest neighbor, KNN),
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