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Research Progress of Non-destructive Testing Technology
in Beef Quality

YANG Xiaoting', LIU Hao®>, LIU Nan®, SUN Lirong®, LI Yalan', QIE Mengjie',
ZHAO Shanshan', BAI Lu', ZHAO Yan""

(1.Institute of Quality Standard & Testing Technology for Agro-products, Key Laboratory of Agro-product Quality and
Safety, Chinese Academy of Agricultural Sciences, Beijing 100089, China;
2.TongLiao Agricultural and Livestock Product Quality and Safety Center, Tongliao 028000, China)

Abstract: Beef is rich in nutrients and is one of the favored meats among consumers. Market price, consumer willingness to
buy and satisfaction are affected by the quality of beef, so it is important to test the quality of beef. At present, traditional
beef quality testing methods have the problems of time-consuming, sample damage and complex operation. Recently, non-
destructive testing technology has been widely used in beef quality testing because of its advantages of rapidity, high
efficiency, non-destructive and environment-friendly. This paper summarises the progress of non-destructive testing
technology in beef quality analysis (sensory quality, nutritional quality and other quality), and systematically describes the
principles of non-destructive testing techniques such as near-infrared spectroscopy, Raman spectroscopy, hyperspectral
imaging, E-tongue and E-nose. The progress of non-destructive testing techniques in beef quality analysis within the last
five years is discussed in detail. The existing problems of non-destructive testing technology in beef quality analysis are put
forward, and the future application prospect is prospected. It hopes to provide a reference for the research and application of

non-destructive testing technology for beef quality.
Key words: beef; quality; non-destructive testing; near-infrared spectroscopy; Raman spectroscopy; hyperspectral imaging;

E-tongue; E-nose
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RE S ZRE SRR, iR . B JE4EAE
RERL BRI IR AEN . RS AR N K 0O AS W i
15, NS 20 S i R 2B 54 AR, TR S B BB R
ARB AR i kBT, X ol BT i A R AR SR H 353
p) P S A T TR o P A =T i = £ gD | B K
Y DTN A =Y DR I ) DAY v N SRS SN 7417 SN R N B
JAR AL FERE | IR L e . PEEA: . [ PR EY
V)14, EFRR SRR ST BRI BRE. .
FIEMR AR WL S5 o BT 7% X (total viable counts,
TVC) . ¥ k& M3k 3 5 (total volatile basic-nitrogen,
TVB-N)H . pH. FS PR 52 e 2 PR & 5T 1 5L 22,
PIAS SR TVC . TVB-N {H ., pH. ELSCPEIAZE S H
Al 0T o XL T BT AR S e A R T A AR RIS 2
WASEARER R LR 2, PRI 2R TR B AR AT e i T
AR LR AR R T,

AL 1 25 P JBAG I 3, 5 J b 5 v 434
RSORAR RS | AP - BT AE . X EE ST
VEATFERRAVE SR L K B RS A5 Ta) i, [R] Ik, peae |
AT PR ANF AR IAE T ) TCIAAR I 2 A 2 PR o
Ao AT 7 TR AR SZ 2B . HAETH T4 R
ToIIR 3 AR SIS R G arshaisg . Frgais .
FCHERGAE)  UiERR (B8 5 . AW
POBH. BB PSR G, LR AR A A R L BT
A5 3 7Yz N, AR JEAH SIS R HRIE B
A SCAHEER T VT LAF IO B AR 4 RUBCE b
JBT . EFRETT . A BSOS R R, A sh
T I UE R AR ERAE Y (R, I e ER AR Y & e ], LA
W ARFE R A P BT TCA A B AR 5 5 o FH AR 3L
=7,

1 EZISMeiERR

SURA > ov =% c= 1w | WA o 1 IS SEA 04\ ool TN £ 22N
e, YEI%IE B A 780~2526 nm. 4T LT AN RE B
Yy JB sy, A MLy T 2L TENL S TP Y C-H N-H.,

O-H S5 4&8-Fp & S IL AWk K A R, S &L H IR
BEMAE RSB RS S S AR, A GRER 8
PR T RE S WRE A MU 4 4 AN S B AR B
I B Z RS R SRR SR AE MG B
SEARTY, (RS S P AL A RN B B T DA ST A
e e k. FIHITLI /MG (near-infrared spec-
troscopy, NIRS) £ R AT LIS 45 PR A8 S8 B o Jo (25
€0, JRRANGE ) | TR OK S MHABNT . AR .
MR5y . RENBR AN #) J5T) . HoAth 54 5T (pH . TVB-N 1H
FELIME), 2 1 B4E T T FU4RK NIRS 7E4- R 5T
e v A N FH o
1.1 BEmEEN PR

NIRS FARLE A RUBCE F8bn 00 i E B —E
PN ST o Arianna 280 FI|H NIRS $ A7 7
A= P B AU B9 PLSR BN, AR (1 e iE 2R 80
(coefficient of determination, R?*) HPTE 0.66 LA |, 4%
SRLFRHH, NIRS FARBRAZHE A b TR0 A= PRI (04 B3 AT i
B . Revilla 252 Fi| ] NIRS 45 AR THE 4 A B9 24>
R FEARIHAT AT, BT R GIEEIE S S ANN
HeitJridext 24 NEE RN BTkl BRIESE) 4
ST T FRINAS Y, SRER S0 AH SC R BRI T 0.89 (K
SREEERAE) , I I IR 2ZEHRTE 0.013~0.293 JE A,
2559, NIRS $R AT LAVER TN 23 NEE S5
1.2 EFmBEENFRIEA

NIRS FART] TR A P35 52 A B g 7K 43
HAB WG . ¥ M. K53 BB R e Yoo R 5S4,
Jf H NIRS £ ARFT LS ZFE hR [FIRTA . 5 IF%
SO R NIRS B AR B A LR 6~7 Bhla] g
PIREHEAT /K 43 MBI  AHLER IR S S B 2, SR
JH PLS Jy i 57 AR Y, 45 SR8, TSR] 4%
SHHIRE IE B D 8 2 B (validation coefficient deter-
minationS,chv)ﬁ:}’%Uﬂﬂ 0.866. 0.883. 0.668 71 0.812,
FHIR &N FH 7K. Maduro 2507 i f1| F NIRS $K

F 1 NIRS HARTEA P b OGN 9 Rz

Table 1

Application of near-infrared spectroscopy technology in beef quality detection

B RlLE iR K (nm) SIS AL F B E =B U

e P | T A 1100~2000 MSC. SNV, DT ANN [2]
B /it

B, 740~1070 SNV, DT PLS (3]

i 700~1050 SG -1 PLS [4]

e R 905~1830 SNV, MC, DT PLSR (5]

ARGy ARG M E L K> 950~1650 MSC, SNV PLS [6]

KGr KRR M H 780~2500 Ist Der, 2nd Der, SNV, MSC PLS [7]

pH 1000~1800 MSC, Ist Der, 2nd Der, MC, PLS (8]

TVB-N 1338~2231 Ist Der . Norris - PLS [9]

oAt 5 1100~2300 MC. MSC . SNV . DT PLS-DA [10]

B 900~2200 MSC SVM [11]

800~1851 SNV, MSC, SGF-i#% DA, PCR [12]

F:: MSC(mutiple scattering correction, ZJCHUS K IE ) ; SNV (standard normal variate, #r7E1E 5254 ); DT(detrend, Z5i#4%Y); 1st Der(first derivative, —Fi>RK

2); 2nd Der(second derivative, -Fi>K 5 ); SGFi (Savitzky-Golay, SGF- ); Norris*F#f (Norris smoothing, Norris*F# ) ; MC (mean-centering, F4J{E H.»
ALAE ) ; ANN (artificial neural network, A T #1Z: /4% ); PLS(partial least squares, fifie/]N 7€) ; PLSR(partial least squares regression, ffic/)> —3f¢ ]
I); PLS-DA (partial least squares discriminant analysis, fific/) —-3f& 32 215143471 ) ; SVM (support vector machines, 3 #F[7]i#L) ; DA (discriminant analysis,
F 55047 ) ; PCR (principle component regression, == 4115 ); 2, #3[H.
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b= Savats S P B N B Y VA G == L N ) N L i
SE)WIRR T . HLAR 1. /K4 & R PLS TR AR 7Y,
R AES3512 093, 0.89, 0.72, KL, FIFH NIRS £
ARXFAK Sy KRR D R (1 s A T PR 4T
PETIE R iR S Sea A3 O & S pve G LTy LN S N
AN 26 UEAT I A 1 PR, LA A2 SR H o P 75
>R NIRS 7] LI 4= A g T BR UEA 743 BT, Piao 451
IT & T —Fh P4 NIRS X Sl 7 vy 85 48 py v
PRI TR . WHER AR AR T ER I 2E k., %
AL ES TR AERA BE T 0.6, NIRS I8 7] LIS HT2E A
WYoCE i, Patel 555 FIFH =FPANFEREHEE NIRS
AT A= R 20 A IOGE IS, SR MCL SNV,
DT %57 1 X Saig B s 47 A B, 357 PLSR A%
Y, 2515, Fe . P 76 —FIAS R GEH A AR S v
i 3 fe e, A HEDE RACERIAE) T 0.8 LU . HAT,
NIRS $ARE %52 FH T {GB/T 41366-2022 & & &
ARSI K43 AR ST BRI S S i LTS N YA
EFhrEF, F, NIRS #ARTEE 7= 50T
AT T R 7 .

1.3 EHfthmBan ey s A

TVB-N {HJZ RSPt & i E 22—, TVB-
N 1 23 bl 2 PR A8 7228 JoT T 85 ™ . 5w 450 A1)
NIRS F AN 2E g 4= A S i TVB-N B 745047, 2R
JH 1st Der 1 Norris ¥ J7 3 X GG Ec s pisb B i,
FTFa ALY PLS AR TTN A2 AH ¢ 2244 (predicted corre-
lation coefficient, Rp) A 0.9587, FTHHIZAL KL B R
G- PO S22, (EUR FHAZ AR B X SIEBR P RE EA 153 HT
B, 250 S A TIN5 AR 2 (B A AE R B v A 22
(relative standard deviation, RSD){H X T 10%, 5.7
T EEXZAST S K 3 M AH S — 5.

B 5 T 2 2 XA ™ i ELICPHE R AT B W Y H 25
HAR, A TR RSB S A it O RS 0 S0l A
MZ—o NIRS HARTEA P BT ST 12,
X LAY T2 FEAE H T R RIS NS R B PR BAE B K
RIS, Loépez-Maestresalas 281 iff 5% & ¥l NIRS
A LASE A P BE P B AR F LA (1% . 2% 5%, 10%)
B XS PR RN IS AT, HEA SR TE 78.95%~100% Z 8] . Itk
&b, NIRS W] LSS 51 A= P J& 75 K, g 860 F)

NIRS *J 1EH P55 13K RS 758, SR/ N AR HFn
IS HT I IR SRR AEAE S TER I, 455 & E
1818~1842 nm I B M GHEAAR IR T 1E & P FIiEK A
255, Fe I BOa T ARG 35 1 B U3 Gk
F] 90.48%. Kb, NIRS $7 AR AE R 2F R B8 7 1a
HAT RN ST .
2 RSMIERA

ASC R RS S = A RSPk Rib i, B
ST A AR, A A E B iR R b, SO
Y 551 R A REE A, RIEr oA A hRE R
254k, BT RS R A A B AR, TR RS GG s
$7 2 51:1% (Raman spectroscopy, RS) ., RS AR A] LA
b A A HR BB T | BRSO ZK 5345 B BE AR ShE A 4G
W, 25 G2 ET g ik, REREXT AR IR IR B il JoiT (0
4, ik ) . E SR (R AT AR . At T
(TVC. BEIE)HEAT/HT, 38 2 B48s T UL 1 AFK RS
FARAEA PSR TSI A N o
2.1 REmBREN PR A

A= PRI, 2 S T 3 A SIS KR 1) e B A
2, 5 MetMb. MRA 1B FIAILLLE I (Myoglobin, Mb)
M AEALFRBE A X2, Zhang 2505 F| ) RS $ A 00
it 4= Py 7 MetMb FIl MRA {8, 5% PLSR J7 k4
SEIREAY R? 7E 0.80~0.85 JL P . RS FARIE AT LU
WSRO IZ K | Mb 8544 1728 £k, gk [ RITEER Fil
RS FEARMFFTI AR Mb L5448 F52 0, 25 5 F21H,
Bt 25 T B ) 1] O E G, Mb e 5548 e A A, F234
B aRRETE TR R A LA, RilRFsE R,
RS FARRE AT LA 8 BT & i, AT ARG 3R 1A
JRINLEFAE . RS BRI AT LIXT A= A A BT 54 745
#7, Chen 5 K ] RS AR A= i 4= PR 19 BT A FE AR
AT T HFST, WP B R0 | NEE: | ISR |
FERASAY R PR T 0.80, NI, i# it RS $ARS)
Bra-Rh R BB BB PR SN, T LA 25 IR A8
SR THAT o
2.2 EFGABRANA AR

FEHEA ST E A RS 5 M r s As,
BEARER BT I TE AL, R I PSRBT, RS

2 RUEOGIELE A SO b A
Table 2  Application of Raman spectroscopy in beef quality detection

TG NG A LU H AR (em™) AR F S5 30k
T it T 66 2 Y MetMbHIMR AE 400~1700 PLSR [15]
JRe) (R | B SE 45 TN B S R AR BT 142 AL A 100~3300 PCA. PLS-DA [16]
oy BRI o) BF9E R 2 Vi AR v AR L 25 R ARk 500~3300 - [17]
B WFFTRE B KA A FE AR 5 74 SN F R 7] 1 2 2 500~3000 PLSR [18]
TVC T AS RIS 2 2 v iy 2 PR AR o 500~1800 PLSR [19]
T fl A4 L AR A 313~1895 PCA, PLS-DA, SVM [20]
HAE XA RIS PR 22 5 600~1900 PCA [21]
X BIAS TR G 5 2R 2R P i 25 5 400~2300 PLS-DA [22]

=R CFE AR K MetMb(metmyoglobin, R4k MLLE H ) ; MRA (metmyoglobin-reducing activity, 1= &k L1 8 B EE G ) ; PCA (principal

component analysis, £ HT) o
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FART H TP ASEI R T GERFT . iz, KT
fE i) iR 2R SRS 1028 fb, BRI RS 2R AT LA
FF R A T S AL SE R AFSE . Chen 2817 I RS
FARM G E IRl EAE T 4 R E S e 5%
ARAY, G5, B R F R BN, S5 BT
TIREE AR, SR BT PR B e LS S A T i
P T R A UAE, NESE T R B R AR R A T
FA R S

FIH RS #HARSFHTAZEIEN S 2 2453 1T
VZ AR PO B iz AR FH T80 A PR BRI A e A
PEEHTTE] Y% 2 . Cama-Moncunill 257 jf 34 RS £ 4K
384 IR B LN I 7 (intramuscular fat, IMF) 75 &2,
FLTF SNV, HZR K IE (baseline correction, BL) J77%
o G TS B HE AL BR S, T A 2 ) B L PLSR A 7Y
R, N 0.64, BAA—EMNHWE 1. Bai %' it RS
FEARTF R AG BT fAAT T, I RS ORISR 4
i = Fh B R FE b (TRME . o S A EFNERACE Lh 22
12 2 1 42 J53 ) 55 gk s (A (9 5% 2R, B A PLSR 77
Dyl 7 WA AL, SZ AR R® FE 0.87~0.95 Y [HIN -
Rl i, 5 BE S5 J T 7™ i B AE LA U, {58 e A DA 5
PR ) TRk . Bt s S L L e T
2.3 HfttmmRienaI~ A

TVC 585 AR A G, RS I LEr gk
AN B I5 YL AR S, M) FH RS AR AT A4 1A H A
TVC, Yang 5" 3@t RS 37 AR AT LA FIN A 5] 42,25
R TVC, B4 E T B2 AR, JE7er”
AN E] KA (0, 3. 7. 14, 21 DB REE RS Hds,
FH PLSR J7 i3 s7 TRMAR Y, 45 SRR AH, Bas Gl
JBE 21 d B AR R A2 5 GG UE D GE RIS 0.99, T
YRR 21 d (BN RE B IGTIFOLE R EGR
F| 0.90, SR ALE 19 TS B R e P Lh L as e 2%
FA TR AL T BB s G 208 A 2 TRLBS RS R B I, Al B ™
A AEMIEXT RS BUSZI G, KK, RS 2 ARFEF
M APy TVC J7 B A W1, 82 F k0] LIXS g Bk
(i) SRS | SRS A TS -

RS HARBEAT FH TSI R FP LA, i 7T LA
XA FIEFE =0T 4. Robert 280 FI|FH RS
FARTT LIRS R LA (R BEIRFIEE A,
SR FH 22 Fh T b 2R 5 15 X R AR BAE AT AL PR, I o
PLS-DA . SVM JyiEiHAT453 255507, YIIZRE Al iiAe
O ARG S R ABIAE] T 80%. Logan %522 il id RS
FARXSHIA YR SE | RIS | B RIS )
IREMEFE | BRI 4 A FEVRIFE T AR A, )
JH PLS-DA J7iEXT I FRBLA AT R B 53 M7, G5 R F%
BH, 3X 4 FPAS AR FRAR 2R B E B A 0 SR A 83%~
96%. [Nk, RS $ARTES AT A4 A B SZVE T LA
Z R TS
3 ENIERGREA

=G 5 (hyperspectral imaging, HSD 7 AR J2
O GERURFARLE G, TEAN R G B e B N A il

— RN EURAE B, 16— RGP R ARE— 4R
B iy as aE B, MR T =455 dE ST
TP, HSI RGURAE BA REELSH I ENS, i
WAL TE0a A ENR, X S e R g h i a1
AR FEAEIE B ARG N ERAA AH R 61, HST £
RAEA AR ST CREER MR L 142 M | g0 . i) |
BRI KRS BB BA R H AL S B (TVC, TVB-
N {H. pH. FLEHE)WFFE R ) 2, ik 3 B,
3.1 RRERRENA AR A

HST F AR AT AR A PRUBCE L 0T BT S5 CRl 5
PR A RO BEA TR I . 7 BRAEPY BLF HSI
FEA IR o A PR ST ARl 5T ORGSR PE L 152 M) i be
AT, It 4 PRI TG R WU, SR
SPA J7ik e e b IS, #E57 PLSR AU, FEAG TR P
B¢ 9T 900 455 78U b SNV-SPA-PLSR A% U 14 GE 5% 11,
Ry iK5E| 0.8798; 7 01 &2 14 11 T 45 78U vp1 | 2nd Der-
SPA-PLSR 7RIV f ), Rp i5%1 0.8806., Nubiato
SEBA R HST RS T BS54 0. 7. 14 fi1 21 d
A P S5 X 43, i IR T 2 FhEcdis kb 2
JTEsF 2 A FE L, SR LDA Jrikilb 1714328, 45
SR, R I S S 1 — B S B A RS X A
TRl B U S A 743 25, AR HERfSRIAE T 89.8%

HSI £ AR W] FHF 4= P iR . 3R SCAR AR
SRAE 400~1000 nm Bz IR B SRS AT A= A 1Y R
o (FEHE LU | BB, X AR G A A T 1A HE
J&, il CARS. SPA . UVE J7 iU GRS, dr
PLSR #57, =23 i@ i Deresolve (A4 HE3) -SPA-
PLSR J7iEM AR AIPERR BN, R, ik 0.9705; £1
JE FO A RE i 17 SG-CARS-PLSR #4) 2 (445 51 1): i F%
1, R?p 4333k 5] 0.9221., 0.9532., S5 AR PUIAAEL,
HST AR ESEE RE A% T PR s A& U 3R 454
RIS MEASFIE . AR AT EL3E— 2048 & HST HoAR R
IS R AP RN ER 43 HE3R, AT TN AU SOF 4= T 1)
EMGAR B, XTSRS B TR A SRR A A T 32 E, I HL
JE S BARA 3 L) R ATy % A N 5 i &nalk
HE LRy, W B N BNy BR A S X G B
ATF5HT, SEIRAELRAGI
3.2 EFGmBERNA AR A

HST £ AR 7] FH TR0 28 A 7K 539 8 = F 53 A o
AR SCAREEPO dE ik HST RS T 4 AIZK 433 1 M oy
A7 B PG AG I, A HST R SER4E 400~1000 nm 7
KA GHEFTER S B, RS R 2 o5 B AR I bR
EANBEICEAS T, R 7 RO BB e wisb B, 4%
4 SPA. CARS. UVE BT RMENE 1K, gy T 3t
F PLSR Jripy i, 455830, SG-SPA-PLSR
TTIREEST 194 RIZK A3 TSR R SCR B3y, R S )
0.883, RMSEP >4 0.389, [F]A+ I SG-SPA-PLSR #%
HIT LARAS AR R B IMEER S 07K s & i, 2 T 4R A
IKGF Sy A B R

HSI £ ARRE A LU 2 IR LN AR G & i, ST A
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K3 DGR EORTEA A SR I H A R
Table 3  Application of hyperspectral imaging technology in beef quality detection

N WKE N S v S T PRIURRAE s BRRL B AERORE B o
o, BRAEE Ot s e p / Sy
S BRI AR (nm) (nm) B WK I FHIEH A (nm) Jik e 2k
s Ry=0.8798,
R 983, 1269, 1429, 1660 RMSEP=0 3966
1000~2500 - SNV, 2nd Der SPA PLSR R—0.8806 [31]
ye 7 U, ’
%5 1061, 1355, 1697 RMSEP=0.2303
B 928~2524 10 1st Der - - LDA 89.8% [32]
B, PRUEALIEIAZR 502, 544, 564, 580, R=0.948,
(Frjg)  400~1000 - i 634. 699, 929 PLSR  pmsep=1975  [33]
HEMR i ; - 402, 485, 553, 586 R*=0.890
(e1)F)  400~1000 - SG¥- 1 PRI 623. 678. 785, 946 MLR  pyvdEp=0.7355  [34]
473 478, 483, 488, 49,
497, 502, 507, 583,
588, 593, 598, 603, 2 _
(%ﬁ% 400~1000 28 SG ¥t CARS 607.612.617.622.  PLSR  puE?i s )
s 627, 631, 636, 641, :
651, 655, 660, 665,
670. 675, 679, 982, 987
\ 410, 439, 473, 511, R.=0.883
400~1000 23 SGF# SPA 588, 603, 636, 684, PLSR  pvidEP=0.389 [36]
K4y 799, 915, 996 :
(e R2.=0.95
_ — p_Te
957~1664 7.0 2nd Der PLS RMSEP=021 [37]
Reli 400~1000 - 2nd Der - PLS-DA 86.5% [38]
468, 487, 511, 521,
559,569, 579, 708. RL=0.7406
pH 400~1000 2.8 NL CARS 713,761, 771, 775, PLSR  pvidEP—0.0727 [39]
804, 814, 833, 847, :
905, 939, 943
431, 506, 594, 700, R%,=0.9579,
TVB-N  320~1100 2.8 - UVE.SPA 250 783, 794, 824, 967 LS-SVM  puvSpp=1s5435  [40]
R*,=0.934
Hofh - - - - - 4 3
HAb&R TV 400~1000 WT N-PLS  pm&EP=0755 [41]
423, 543, 572, 678, R,=0.9933,
400~1000 5.0 SNV PCA 761. 980 PLSR RMSEP=1.01 [42]
411,425, 435, 445,
B 459, 488,497, 526,
400~1000 2.8 SNV IRF, SPA 541, 545, 555, 589,593, PLS-DA 97.12% [43]

608, 617, 637, 641,
646, 651

e — NI X FERAE K NL(normalization, J9—14k); WT(wavelet transform, /N ZE ) ; SPA (successive projections algorithm, #2521k );
CARS(competitive adapative reweighted sampling, &4+ F i i FFL% ) ; UVE (uninformation variable elimination, Jofi 828 5 1BE1% ) ; IRF (interval
random frog, [H] A FEHLIESE ) ; LDA (linear discriminant analysis, 2643514347 ) ; MLR (multiple linear regression, 2704 [1JH); LS-SVM (least square
support vector machine, /)y — I X[ L) ; N-PLS (multiway partial least squares, £ ¥ flif5/N ") ; R*,(determination coefficient of prediction set, Fiilll
£EPLE 250 ; RMSEP(root mean square error of prediction, M 5 iR )

¥R R LY B 5 50 A0 00 P4 B i SE AT 9T . Dixit
A1 3 T HST 3R T0 £10 1R LY B s & &2, LA
HSI AR HTEA RN E S5 R A B AS R AT
PICA P SRR FIRERD , SR FH Z RG24
Joi, ST I TR S R A 4 N 45 45 780 (deep convo-
lution neural network, DCNN) Jy 72 F) TR A% 754 54 SR
B, W HAZ YR SREEERAL. B2 =5 . a5k
1A= B i), T SR ST AR AR (14 3 R B0 A, R (H AR F)
0.89, RMSEP & 0.78, TESLZBR AL 1) h H A —
ENIN FH# F1. Ahmed 2P 5l i HST 3R SCEL T
X = e AR A I X 45, SR 2nd Der Y6 Tiisk
HE J7 325 T 57 14 PLS-DA A5 AU R4 o i B2 I v
(86.5%), SEHL T 4= PIILN AR 4341 B AT A4k
33 HsmmBR@m+HrIMA

HSI £ AR T H T3 84 P i iy TVB-N {H.. pH.,
TVC 4%, Song 5101 35 3 HSI $ R SCHL T 4 By b
TVB-N {8 (149 T, % 52 75 ik #2 v 4= R 7R 320~

1100 nm K38 BBl N 19 Y63 T EMR (5 2., R A UVE
I SPA J7 AR BOGTEFNE, F1FH B H/ N AR e (dis-
crete wavelet transform, DCT) #2 B AR, B oths
FRIE S SC AR Al A, #2577 PLSR Al LS-SVM /)
FHIMARL IR, R2, 4351535 5] 0.9401., 0.9579, F7 % 250
FIAH HST H2 AR X4 A pH #E47 110, >R Kennard-
Stone BV XIAEAS (Y ARG 1E 5 B TREASAE R 53
B ACHEFALEE, I 3 APy IR X RRIE P A TR,
454 PLSR. MLR Fll PCR J5 7E %4 B B AR I B
BEAT B3 HT, CARS-PLSR 45 25U 114 T8I 205 5 s et
R, 27 0.7406, Yang EU F|FH HSIH R 456G WT
i1 N-PLS 333 0 .7 24 R IE 5 ER TR 9 TVC,
ff. N-PLS £ R*, x5 0.934, i) r. T TVC
TR,

HST $ AR AE A R LS5 53 1l 14 v e sl
T RAKE R A R R Ak REBIR, AFEARRIF P AR
[FlA AP A L AR A BB AT . AR AR AE SR
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HST $AREGE A2 M T 552 7T LIRS R 2R A R it
ATPREE T, BT SPA SEL4E A& MLR #4877 T
MR e, RPp (HIX B 097, EREEM R H
HSI F ARG G RRE AL 71X 3 A Fh (ZeAs 8
A JIARBEA | PRI TG IR AR) A R AT S8 T 9E,
K HITE 400~1000 nm Pz BN, 2T SNV-IRF-SPA-
PLS-DA J7 2 It £l N7 AR Y () A 1 A 15 T A2 A o5
#BEIA 97% LA 1. Zhao 251 i@ it HSI I ARFFJE T
AR A S RITSR, T A T —Fh s W AR =ik
(invasive weed optimization, IWO) 1857 /5 15 2 BUS:
EP A, LT SVM. LS-SVM., # BR 2% >J HL (ex-
treme learning machine, ELM) Tl Y, g B0,
IWO-LS-SVM A5 Y (1) F1 I 455 780 24 2R e 47, RPp M
0.95, A EE AR T 4 RIS RS BE W AL 5310 E el
WEEAR JTT A P B AT 50T o

HSI AR A DL 54 P vy AR R 2SS MR it
(REHEAR/NEZRTTAT) . Jiang 554 F] ] HSI 4%
ARXATHAB AN A & 5 R AR U A4 R TSRS,
FIF SNV, MSC. Ist Der. 2nd Der. DT X5
PR BEAT WAL B, ) PCA . 4 AH K061 (two-
dimensional correlation spectroscopy, 2D-COS) i1 [1]
3 2% (regression coefficient, RC) J5 i H#E B GG 45
AIE, >R FH K B He A= JE PR PR BB AR AR, Z257 T PLSR
AR TS AL, 255581, SNV-DT-PCA-PLSR #5
T FRIIS B Fe s, Rp M 0.9933, hiVER R (a5 (8] 43
1 E BefgvE 25 H S 2 R B AR B ROK S . Rady
ZEU R HST BEARGEE LA ik X o Fian i
I H /N2 ER BT, SR SVML J7 160 28 LRI R INAZ 2 Bt
X 53 B4 TEAf ) 3 R =5 15 98%, Al PLSR Jy ik 2t ~r.
TN 2= PR H AR I N2 T o R AR () TR R B s,
R*p 3551 0.93,

HSI FARGEM PG | =3B A RUBCE S T
BRI L B CHA A BT . HST # AR BREE R A 44, N
[F1AE & 22 T P B ST RN —BORIRE i 5 oA Rk
SR R S A G SE T Al sRAR B R . R X
HSI BAEHATHHTRY, 752X EUS SR Foais EdE it
ATANTH, 38 AN R A TIA B v BRI s e A R A
AR LR | AT 5 L MRS RN AR 9 TG [RIR RS
TETF TN TAT BE ) SRR AR AN S BRI R ERUT
125, W IUAYE R, FEARE R AL BME R, #:3h HST #%
ARAE T A7 A o
4 FESHEAR
41 HBFEFK

H, 7 & (electronic nose, E-nose) : AR J2 45475 4=
PN LR, 3 A SR T S MR AL BRE Ak,
BN RGN R Ge A A, X IR BT T
EPESEER, E-nose EEW HH T4 RE MR
15387
4.1.1 BE RN E-nose FEARRUERVE
ST TN Tz, EEE A RN T a2 (B

i AR ELAS T I AR ) i XU g T
FEo LEAFESEM FIH E-nose X ALl & 1R 5 19
AR A g 2 PSS (AINE AN EE NS S T XUk 4 ot
K, >R FH PCA. LDA . 35 B F 5B Fn 85 ik E 45
B, G5 R0, LDA il PCA J7 BB REAS TR 4 s [X 53
ARV E T AR FFRAL A4 P . Utama 850 )
FH E-nose W& A [FIIRMAS ST 1 55 9% ) AR 85 A PRI B SRR
iE, L5 SRR, IR o e S b s, 2P RURERR 44 1k
TG, IR A P i SARE AT LUX 53N
AR T 2R A P o

E-nose ST KUY BT 19 77 1 BB P
GC-MS)#H b hnfai Sl (R R 255 52 2 HMEK
RS T3, S O i %) TR P SRR AR, 1T L
L5 3o R R TR B LBRA A — 2 ) L, e o R AR YY)
JREIRTI G R A — 2 RIMER 2 Rk, 322 FoRFE2
P2 R RN AL ERES, It G A =L U]
SRR IR EE R 2R 0 TR, [RIA 7R 2R AT
YEIE Ed AR T r AL
4.1.2 HAohS SRR P R E-nose TEA R HL 5L
T 5 Dy T B N A BRI, R ZEEEXT E-nose G
S FEE A I DL AR R ZH U R e ) e B kAT T
T, DI EEST 28 R LSS PESE SR /775 . Sarno 455
il E-nose SrHTBIRAAE A4, FIFH PCA ki
1k E-nose THMLEESIES, H-H LLES T ANN. LDA.
K-f 1485325, SVM iX 4 FiR IR BB R AURE
73, Forr SVM 595 A R B =5 (98.10%) - Avian
PO AE Sarno MBFFE LA _E, 2 H 38 o F2 SRR (A
PRBOGX — LI, AL IR AR R 2 I LTk S
PCA J7iAR4s G, X R IR R AR i 75328,
AR UER 4L 55 55 99.97%, 43Tt ] 5 Sarno AH L
T 15 544

E-nose H AT Mo R HBEPRE . HAERT BRI A, 424
PSR T R R A r e . B A
P EA L L MLAS 4 S R R R, B B S G IS
MR RRESREO L ARG LA . BECTRUNEA
¥ KM A AL A5 7 i Ty 22— 2005, FH okl
A% E-nose fEALEA I ERR G T . RG] . AR
AL EE Ty THAAE R SR BRAH:
42 HBFERKR
4.2.1 BEMBEREM PN B (electronic
tongue, E-tongue) 1 E-nose JE1D), JEART R bE oL 72,
AT R BEY) TS RS AL SRk, TR SR
B RGEHA T, ST Bt T S et

E-tongue F] AT 43 M 4R PN Toad A2 v (%) 35 R,
2 RE & 1 E-nose., BYE 43T . SRR (A3 - 5T
FEIEFHEIA | A - BT RS FR — R WIS
M ARMIEE S B . XA R A E-tongue . E-nose.
SAHETE- BT AU E PR S TR T AR R T
KRS I IR, 5 53R, ¥ MR B R AR A T 19
FRAEPEE RS BT . E-tongue FEIIRE %5 MR 7 101 HAG TG
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i, PRERTER . SRR RSP HReAL
JRAR A Gy 2 BN NSRRI, S BRI FTRE R
U AR R B TR B R L 58 AL, AN [R] R
Z A AR R R S L RS 2 iR o0
422 HAbS A PR H  E-tongue 754514~
P BB LA R 2S5 TR ELAA R 7 o Lu &80 %
E-tongue FAREE & ELM J7 X4 AAE] LU BIRG A |
T3 2R A TR R B A ERIRE S R AT 4328, S5 AR R,
ELM XJ42 B4 P Y IE 3 53 2 3B 0E 90% L I, [A]
i ELM LR AT LIPG04 A AR XS P | T A 55 I 421
B, TN I ) T AR IR 2EE N T 0.4%, JT2E R
EARIT 0.9, XA LN EER GG TT
¥ (3R A i 4 =X 52 N F il B0% fe 948 1 B0 2 ) L E-
tongue FUAGSE i ek, H AR ARG, BAE R
fi%. E-tongue fEALEER RAPRE | B4 07
A E— E I RFR M, 7RIS 04L E-tongue 5445
PEREAP, i n] LK: E-tongue 5 HAWF RAHLZE -G M
PEEBRAISR  HER
5 HfttEoR

Bz iR Te e i B AR AN, 1 FH A R T Y TS
PRI L AT A= B e pRE . B8 S R . -1
6. BOCHE T SO GIEHOREE, K 4 B4 TIE 5 R4
AL it B 43T AR A TCAS A I R AR 04 R S . A
Py R T R AR BA P | $RVERT BRI, TR T &
BIRAST&E BARTERE Sy R R4 R
W 7710731, Afonso Z¢ 1M FI) A= 4 v, BH AT B2 AR T
AR L Bt LN . pH 45 5 BTFE bR, SR
k Y738 UG UEZ 5 M A3 7407, S5 SRR, A4

PrE BHBTI AR SE S A P S BT bR A S
S K, BETA AR BT R SR A e
L, PRk, A= 4 H BEATC B AR AR i A A it S5 T L
AT . S BUSEARE PR S | LA
FEHECA RIS AR T B, AE4- IR AR o DAl 7
TEELAT R U F11700 . PN AET R s g
AR AT etk 5 it R A= IR ¥ BT #4), B LDA 1 SVM
ST VR B 5 AR A TR A I AR Y R S T A R R A
90% LA_I-, F B AR T AT HF43Hr4-  i 5t
¥ o ST A BB R AN PGHR GO AT, ZES BT
TVB-N (B 5 i A N T . Li 258 R A 734
FEHEAR ST P TVB-N &, SRZh AR R 58
R HINASTE S B, #37.3F MLR, PCR 1 PLSR
IR TVB-N TR, 4553205, PLSR BRI A
MRS e i, R?p oA 0821, P0G et & —Fp
TCERITITHAR, iZFAR B PGH | BV A AF LA,
TE T SERAELR ST T T A W ). Velioglu 5549
RO GH S d 2GRS X A A L AN A 7 L
SRS, SR PCA W1 X 53 N EB B L P RE &,
seAh, FIH PLS 0T LATIM A PYAILPY H S BERI 2 i,
A BTN R? N 0.947, RHEOGH S &
Yeig ] 2R R B SR 25 . HEE AW R B
TR RBE . MLER 24 ST R . B RS S5 40 iy &
J'&, 24U T2 LS Rl A, 3 SR R AR TR TR
Wy T AT BEAT 2P R R

2% 5 BGE T HEA S BTG ARSI s FHE AR 1Y
et s B FH, 7T DAFE BV AP AR AT 25 A 1S
AR, HR TS B A AR ]

E S NPTV oalll s RS R (v 178 il B N DB DS G

Table 4 Principle and application of other non-destructive techniques in beef quality detection

ok i SRR SR
e R A RS A TR AT BB A AT WA, e,
DAy A P A pH., B [64]
. WA PR A I T P52 2, 7R L T, 3 P R 3 N
R T SRR R o B (67]
o FUTCHURTRER IR 7, BES HO AP (5 6B A 3 B L, AT R Ok
-0t o TERER AT, TR M Bl R TVB-Nff{ [68,70]
R PR BOUREAS AR R BT £ 508 T R P9 et o]

%5

A PR it OGBS DB AR AR DI K

Table 5 Advantages and disadvantages of beef quality non-destructive detection techniques and its application
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L5 ST B
AR R M
a7/ EN SR I . Biee pH. WU
LR |
SI-Hot TVB-N{ii
Wk Sl gk A
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BRAb AT 2% . A
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AR B Sy 32 AR PRI R A | T AT
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