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HERESR G T E R #HEREE (SG), ¥ (de-trending) il SG+ de-trending = Fft 7l 4b B J5 3%
B IE B ETE 5 B TBARS 22 {500 i3t &, SR A 2DCOS #F 58 63 15 2 my sh A 48 fk . 4007 — 4 1 34 o i
KILYVEDERE . B 5P R AR IR AR i s A A G R AT (VCPA) | 58 Gt 338 W AL 3 % (CARS)
FE S2 8 R 5835 (SPA) T a0t ik A8 1 Al 2DCOS R il A8 5 1 BRI Ak s ) 26 o 4% 7 it PLSR 57 R
FAEFFEAS 2 F TBARS & & 09 i 60 E & A B A Al . 45 @R, de-trending T 4b HL 5 37, 1) 700000 85 754 3 fekt
M, B RE=0.874, RMSEC=0.106 mg * kg ', Rp =0.853, RMSEP=0. 139 mg « kg '; #:47 2DCOS
SRR B 579, 699, 756 Fl 867 nm ALAEAE S TBARS & &% UIAHIC 1Y H MG, 579~867 nm i Fil Y By FF-AE
s TBARS & #4600 A9 A1 & K 4 ; VCPA, CARS Fl SPA M4 5615 %508 #1 2DCOS J3 #7 i 20 MR BT 7,
16, 20, 8, 24 I 14 ASEA QRN R RRAE AL 55 R BT AR AR A5E T 149 o 5% 1 0 w] 58 % ml 00 R B CARS #£ 2DCOS
BT H A AR 3R M T R ST RS T ABE Y BT Do A G 4R M PR Al E A TBARS R, E R AT .
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KA B ASARAL . 8 I AT AR SO S R AR S 3R S
MEMBURERT . BT, &% AR% G 2DCOS 44 6
UK 22 7 v TBARS &5 2 09 W5 6 5 458

VLS A o TBARS & 8 9 ShF 48l 23 A7 B AP ERIE 3)
A HOGTE R AL S . i 5 TBARS i MIE AL AL 42

AR E I HO AR 45 & 2DCOS Jo it 4 T ¥ 3 1 TBARS &
A ATAT PR AT A R L O SE RS I TBARS & 4
REEZ%,
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1.1 #R5RH

FEFERAERKNMWETTERMEEZETH AR
A BREARTEE T 0~4 CREH RS R T, 2 h Wiz
RSz .l T R ) B R 2 R R 2 T 1Y B D R & 4 4
4, BRI, RF25H 40 mm X 40 mm X 10 mm({’tX}'EX
JE), HARIE R 180 4>, A FEAS Iy Hl s » bl

BLAYH 10 4 (n=18), 4 CIt" ik %%U&Wﬁﬁ%ﬁjﬂ 1, 3.5,

7,9, 11, 14, 16, 18 F1 20 d B FEAT K .
1.2 U8

] WL/ VT £ A 6T A% &R 4t (3€ [ Headwall Photonics
2\ A UV1902PC #8481 0L 43 606 BE 3T (L ilg b e R
AHRAFD . HHERX SRR R EEH 6 B4R 6k
JE[E 2 400~1 000 nm [ 2845 # B ARG 5 AL, g AT LU
G4-232 3 g A EMCCD ##L, VT-80 & mEMNE T &, i
BRI SR AR S R A A 125 A B, i g
PNy 2.8 nm, B dETE RN 25 pm, SR N G R AT LK
L
1.3 TBARS &2 E™

HEMFRER 5 g VIWE AR, ¥ 25 mL 20 % 10 =G 2 TR v 1k
20 mL WI¥e 25 B KBS B) RRE o B SR A . BT Y AR
¥, SR T #E 20 min, $REOKTE 8 000 g & F &L 10
min J5 U8, R LB 7KK LG {Mzﬁﬁﬁ 50 mL., f&
Jis BUS mL MBS 09 LW WS 0.02 mol « LTI 2-fR AR
L Z B K W (5 mIDIR G . WK ML 30 min, K 2R ¥ I
AR IIKE M ERERE, UEE F/KRIEH, 7 532 nm
RIS I R O BE AR . R AR B TBARS B

TBARS = As;, X 7.8

Horr s Asgy & SR IRAE 532 nm A8 AW HE (.

2 #ZRHHE

2.1 HEREYSH

WAL SE N I E ) TBARS &G4 Rk 1
i . TBARS fH H A % K 1942 46 38 Bl (0. 16 ~ 1. 47 mg -
kg™ '), A M F I A A R A R E AR, SR A Kennard-
Stone(KS)ﬁ%*ﬂ?S 1 A BB B 135 AN FREARAE A% IE 48 4
SEREHRY LAY AS SRR AR Sy TR A R I R B P R 1) 5
KQ%{%M%#ZK%HTEHE ok 5 5L AT o 4 CER B B 1 T AN R
AR, TE4 TR E R R, BRI A & R /h

RN O R = o N7 NG |7 LN O e 1 | T e i SN
ﬁ =Ls]
F 1 ¥R TBARS 2841t
Table 1 Statistics of measured TBARS contents in Tan mutton
TBARS contents/(mg * kg™ 1)
Data se Samples ande
ata set imples - Min Mean Stdl{ldc.ﬂ‘d
deviation
Calibration set 135 1. 47 0. 16 0.67 0. 30
Prediction set 45 1. 37 0.17 0.61 0. 35
2.2 TAREFHEME
T VEAR i S A X RE S A o TBARS #5509 55 Br Fil

Mmiae S, Al AR B /N — 9 1] 19 (partial least squares regres-
sion, PLSR)BI RIS 84 5 TBARS fH #1768k, Wk 2
Fw s JE G 63 BOE (Raw) 337 il RS IE LT )™ A 7 R4 1Y 11
MR, B RE=0.821, RMSEP=0. 157 mg « kg ', NiF—
A 2 TR T M BB . OR B L (savitzky-golay, SG),
F#a#F (de-trending) F1 SG+ de-trending = Fft 7 &b 3 58 ¥ K
EJR R GE . TH R A BB AN . &% 43 #T s de-trending
AL G 57 i PLSR BE T AH Lb I 46 O 335 858 B 1 & 8 M 38
47, H R2=0.874, RMSEC=0. 106 mg - kg '+ R3=0. 853,
RMSEP=0. 139 mg » kg '. TBARS % it 52 (& 5 Hi 0l (& (19
LA B E 1 TR, LLEDE A 3R B0 & R 1E AR R Y 13
MPERE, B R K 25 45° S H LA, KW TBARS & &1
D {E 5 T AE 2 LA R A C R

x2 AEWHAEFET TBARS & 2/ PLSR & E!
Table 2 PLSR modeling results of TBARS content with different pretreatment methods

Pretreatment No. Calibration set Cross-validation Prediction set
method LV R? RMSEC/(mg+ kg ')  Rév  RMSECV/(mg-+kg ') Rp RMSEP/(mg « kg™ ")

Raw 17 0. 830 0.123 0.722 0. 159 0. 821 0. 157

SG 20 0. 829 0.123 0. 706 0. 164 0. 805 0. 189

de-trending 20 0. 874 0.106 0. 770 0. 144 0. 853 0.139

SG+de-trending 20 0. 850 0.115 0. 749 0. 150 0. 827 0.243
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(a): Raw-PLSR; (b): SG-PLSR; (¢): De-trending-PLSR; (d): SG+ De-trending-PLSR

Fig. 1 Linear fitting diagrams of measured and predicted values of TBARS contents
(a): Raw-PLSR; (b): SG-PLSR; (¢): De-trending-PLSR; (d): SG+ De-trending-PLSR
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& A A L A T8 (O—H, C—H Al N—HD7E3
S JE IR AT, 2 Ry T AR 3h AR M B AR . 5 A3 A AT OB A
A% 5 RE 45 B R DA S B RE SR A o TBARS 9 2 19 5 5 Al
2 S LU TBARS & SO &, ol WS A9 AT LI 21040
T PEAT 2DCOS 23Hr 77 2 B — 4 M 56 6 1% K 4 #0563 . 4n
B 2(b) fTs s FEIR 2 ZE A S e i Xt R A B B T 4 A4
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Fig. 2 Two-dimensional correlation spectra and its slice spectra

(a): Synchronous contour map; (b): Slice spectra
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Table 2  Signs of cross-peaks generated from

two-dimensional correlation analysis

Wavelength/nm 579 699 756 867
Synchronous

579 + — — +

699 + + —

756 + -

867 +

2.4 HERKMRE
K 2% 5 4H A 4 B 49 M1 (variable combination population
analysis, VCPA)Y! | 25 4 M [ 38 W N A & 3% (competitive
adaptive reweighted sampling, CARS) il % £ # 5% & 3
0.1651 @
0.160
> 0.155 1
Q
9 0.150
B
0,143 | ‘ (36, 0.1365)
0.140 1 sl l '

0.1354

T T T

0 10 20 30 40 50
The runs of VCPA

(successive projections algorithm, SPA)M M 4 56 3 % 4
(FS) Al 2DCOS 43 #7 v 42 B A e 2 M1 OC {5 B 1 R AE
ST R LA B S HEAT He A I 3 () T AT, SRR IR 36
Bt ., RMSECV F[&3| 0.136 5, VCPA )\ FS & T 7 414
EP K, HBEIBRPKM 5. 6% . CARS & ¥ AR 15 /R it 1k
WP G A R D 0 v KA 7R A0 B SR A S AR AR
TPV, i CARSE N FS #8716 MHFAEAL &,
BB Y 12. 800, SPAE Y RMSECV {H P4 i K 11 15
HEF5E . ARG BR AR Y B XA Y K . 24 RMSECV
H/MEY 0. 141 B, SPA N FS i 7 20 MFAEAE 7, &
MUK Ry 16%. R VCPA, CARS #1 SPA 5 i %t
2DCOS 43 A7 Fr B 78 (14 BIF 5 DX 38k A7 — W O . 49 0l 4G 328
T 8. 24 A 14 MRRAEWAS . EARFRAE PR AR HLEE R L3 3,
0‘281iin(al131)1umber of selected variables: 20 (RMSECV=0.140 5)

0.261
0.24+
0.224
0.204
0.184

RMSECV

0.161

0.14

0.12
0

5 10 15 20 25 30
Number of variables

B3 TERFHFRINSFLERK
(a): VCPA 5i¥k; (b): SPAH
Fig .3 Characteristic wavelength extracted by variable selection algorithm
(a): VCPA algorithm; (b). SPA algorithm

®3 BUEEKRERNER

Table 3 The results of extracting characteristic wavelengths

Wavelength extraction method Variable number

Characteristic wavelength/nm

FS+ VCPA 7 636, 641,
FS-+CARS 16 415, 713,
401, 449,

FS+SPA 20 $52. 943,
2DCOS+ VCPA 8 631, 641,
e A b / 588, 593,
2DCOS+ CARS 24 207 74,
2DCOS+SPA 14 593, 598,

646, 660, 675, 694, 915

732, 751, 756, 785, 862, 895, 915, 924, 939, 958, 972, 977, 982

468, 492, 516, 559, 593, 603, 631, 675, 723, 795, 819, 843,
972, 987

651, 660, 675, 689, 761

603, 612, 622, 631, 636, 646, 655, 675, 684, 689, 703, 713,
775, 780, 790, 799, 809, 819

612, 622, 631, 641, 651, 660, 675, 689, 785, 809, 823

2.5 4R KT AE S AT

MERIPERE ST 45 R An & 4 FroR, 5 &6 6 T AH L,
VCPA il SPA 83 366 5 1 15 A 9% 1 8 57 A0 158 18 B 2 2 S 4
2., VCPA-PLSR, SPA-PLSR fI 2DCOS+ VCPA-PLSR #
AU Re ¥/hF 0.8, XTFTRESZH iy VCPA Fl SPA H ik 7E 1t
BRARAE P Bt R P £k T — 28 5 TBARS E M & 00AH BfE
B . 2DCOS+ CARS-PLSR #2  PE R fe L . AR T A 45 i 1Y

RS B BB AR 1 1 07 B AR 2% (RE = 0. 857, RMSEC=0. 113
mg* kg 'y RE=0.862, RMSEP=0.132 mg * kg '), X
B 2DCOS+CARS J7 743 £ (1 FR1E I BL 5 TBARS {H 3 S 4
X, I H 2DCOS+CARS J5 % af A s A% e P I K IR TH BR
TUAE B o T BT AR A AR R A ofe B 1 0wl S b, E— 2B R
FIHI CARS £E 2DCOS 4317 H1 38 55 (19 A5 280 4 1 7. 9 48 ) A5
RU A A A A T 85 P48 WESE A o TBARS & &
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Table 4 Comparison of PLSR models based on different wavelength extraction methods

Extraction No. Calibration set Cross-validation Prediction set
method LV R?: RMSEC/(mg * kg™ 1) Rty RMSECV/(mg -+ kg D) Rp RMSEP/(mg « kg™ 1)
FS 20 0. 874 0.106 0.770 0. 144 0. 853 0.139
FS+VCPA 7 0. 794 0. 135 0.770 0.143 0. 858 0. 139
FS+CARS 15 0.821 0.126 0.771 0.143 0. 806 0.148
FS+SPA 19 0.792 0.136 0.717 0. 159 0. 842 0. 140
2DCOS 20 0. 850 0.115 0.751 0. 150 0. 854 0.139
2DCOS+ VCPA 8 0. 795 0. 135 0. 769 0.143 0. 839 0. 146
2DCOS+CARS 19 0. 857 0.113 0. 790 0.137 0. 862 0.132
2DCOS+SPA 14 0. 815 0.128 0.771 0. 143 0. 845 0.143

2.6 EESWERMNFE

BT 2DCOSH CARS J5 35 O R e K @ o T 6
TERCHE 5 WS A o TBARS 225 {8 22 (8] (¥ 52 &t 43 BT A AL, AL
T RREL N : Y crmars = — 0. 15+ 2. 994555 — 7. 014505 + 7. 452505
— 6. 14Xe05 + 7. 06X612 — 8. 25X + 2. 64he51 — 4. 18X +
13. 915 — 11. 3Agss + 12. 64265 — 8. 512650 — 7. 81Asss +
1. 082705 — 2. 542715 + 5. 472707 + 6. 622745 + 5. 692751 + 2. 484575
—1. 934750 — 6. 954700 + 7. 09A709 — 3. 564500 + 1. 824510 . A FIR
RFAE A i X B 1 O 1 R R R A BEELE] Ol TBARS 5 4
SCH AE LR DU BIF S AR B 5 5%

3 45 i

H w5 063 AR B AR 85/ 2DCOS 23 Xt e = A
TBARS 5 it AT A I 70 M7, EZE5BUWT
3l AE 3 F A [R] T Ak #1530 0 % R AR B0 O 1% 15 B 47
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Rapid Determination of TBARS Contents in Tan Mutton Using
Hyperspectral Imaging

FAN Nai-yun, LIU Gui-shan” , ZHANG Jing-jing, YUAN Rui-rui, SUN You-rui, LI Yue
School of Food & Wine, Ningxia University, Yinchuan 750021, China

Abstract Thiobarbituric acid reactive substances (TBARS) is the main chemical information that can effectively characterize the
lipid oxidation degree in meat. A combination of hyperspectral technology with 2DCOS was investigated to develop the
quantitative analysis model for assessing TBARS contents. The hyperspectral images of Tan mutton were collected in the
spectral range of 400~1 000 nm. The regions of interest were manually set on the hyperspectral image of the, sample and the
raw spectra data were extracted by ENVI 4. 8 software. Partial least squares regression (PLSR) was established to correlate the
spectra data with measured TBARS values. The kennard-Stone (KS) method was used to divide the whole data set to validate
the calibration model. Savitzky-Golay (SG) . de-trending and SG+ de-trending were used to correct raw data for eliminating the
interference information. The TBARS contents were regarded as a perturbation. Two-dimensional correlation spectra and their
slice spectra were analyzed to determine the key variables associated with perturbation. Variable combination population analysis
(VCPA) , competitive adaptive reweighted sampling (CARS) and successive projections algorithm (SPA) was used to select
variables from full spectra and 2DCOS analysis. PLSR algorithm was used to establish the hyperspectral quantitative analysis
model of TBARS contents based on key variables. The result showed the PLSR model established by de-trending pretreatment
presented good performance (RE=0.874, RMSEC=0.106 mg * kg ', R =0.853, RMSEP=0.139 mg » kg '). The auto-
correlation peaks related to TBARS values were observed at 579, 699, 756 and 867 nm. The wavelengths in the spectra range of
579~867 nm were the research area for detecting of TBARS contents. VCPA, CARS and SPA extracted 7, 16, 20, 8, 24 and
14 key variables from full spectra and 2DCOS analysis, respectively. Based on the accuracy and reliability of the obtained model,
the model developed based on effective wavelengths selected by CARS from 2DCOS analysis could assess TBARS contents in an
accurate and non-destructive manner. The quantitative model was: Y rgarsy = — 0. 15+ 2. 9924585 — 7. 01505 + 7. 452505 — 6. 144405 +
7.06251, — 8. 25A622 2. 644651 — 4. 18Xs35 T 13. 91A64s — 11. 3Xg55 + 12. 642675 — 8. 514650 — 7. 814550 1+ 1. 08705 — 2. 542715 + 5. 472427
+6. 624705 +5. 69751 2. 482775 — 1. 934750 — 6. 954700 T 7. 094799 — 3. 564509 + 1. 824519 (RE =10. 857, RMSEC=0. 113 mg » kg ').
The research demonstrates that 2DCOS provide new insights into variable selection in spectra analysis. The combination of

hyperspectral technology and 2DCOS is feasible for non-destructive monitoring of TBARS contents in mutton.
Keywords Tan mutton; TBARS; Hyperspectral imaging; Two-dimensional correlation spectra; Partial least squares regression
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