ot

b

¥ 5 ot

Spectroscopy and Spectral Analysis

i

a4 Vol 40,No. 4,ppl1263-1269

April, 2020

1l

ETEAEAAMEFAPSHRINLEBSENEERY
WA, ;. rRE, FER. L B, ERE . TWHR . HEE, R
LOFEARERER AR, TH @I 750021

2. TER¥FYMEWTFHATEER, TE B 750021

W E  RBRMLE A (metmyoglobin, MetMb) ££ A o BT (5 1y HG 1] 1 42 5 WA 1A 19 638 . R T AT D03 20040 O
B (VIS-NIR) SR AL B AR A B 5 k2t i 27 O B M A5 5 R 3 W 0635 AR DL TT 04 I B =5 A - Met-
Mb & 3 0 W AT P LT & B A MetMb % 3 19 6 1 06 B, 2R T 43 06 06 B8 TH 0 A B SF FE AR 19 MetMb &
i, ] ENVI4. 8 8-S T (8] 200 A4 A S 1 AR 9 RO R DX, 4 3 R O 3% H 8 5 1k 2= AR 25
G E R RREPTE A s FIADE RS B E I AR R R 1, H R 3 s T G LR A R AR X A AR AL AT
SECHNER) B IF 5 % FH 3¢ 3 #U5T £ IE (multiple scattering correction, MSC) . — ¥ S %% (first derivative, 1 de-
rivative) il 2 % (De-trending) 45 3 Fl AN [F] ) 75 15 %) J5L U6 06 1% BOdfe SEAT FAL 20, L IH B 8 35 %o it 4 D6 1 19 T
Pos =4 E @& N I E 2 (competitive adaptive reweighted sampling, CARS) | [X [) 4% & 12 X a3 6] i 45 77 1=
(interval variable iterative space shrinkage approach, iVISSA) . [a] [ fifi #11 i Bk 25 3% (interval random frog,
IRF) . Z8 4 4 £ B /0 H7 B (variables combination population analysis, VCPA) . % 42 #% 5% 5 & (successie
projection algorithm, SPA) L & IRF+ SPA . iVISSA-+ SPA 44 77 88 Fl T 63 i A8 & v B f 4k s o A s
T £8Pk AR )5 1 - A Fe /> 3 9] T (partial least square regression, PLSR) # vy 4 I B A4 E ik B A 7 0 455
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Asis 2. 246 32560 5. 066 1A550 — 2. 320 1Asgs T 1. 214 A0 — 1. 348 8Ag1s » ¢ HH ViIS-NIR St X e 22 U Hf Met-
Mb & & ) PR TC 4R I 2 AT AT Y R 9 & R RO PRE0 E BESE A MetMb [ % B4R IS5

KW ML SPNOEA; T/ EA A RN TR EE s KRR KRR
hESES. TS255 HERFRIRED: A DOI: 10. 3964/j. issn. 1000-0593(2020)04-1263-07

U SIS 137N N TR

IR % € RVA TR N D 7/ IR S R I E 7SR RAS I

e G T AR B A SR Y R A R
RE T > T L[ I 3R A5 R 0 0 s ) D63 £ 2R — 2 =S (] 45

ML TEMAFOEM. HAR—-ERUIRHA, 6
2 TN B B Y JB Pk 2 — . MetMb 7E A BT o5 B 4]
B, MetMb 5 4 (9 38 0K S B0 @ AZ 5. H AT,
WAL 3R A A Ge e i J5 ik e 48 il v . (il ok . bk A X
SRLRAFY L Xy T i e A I R A A B AT AE FE I

. RGN RZEBT R R E AL RS R R
AR AB AR 46 Jr TS o fFR i R A SR T o B R A
MetMb By 5T .

VL B PO B0 4. F 50 o 6 1 B0 AR PR 3 T 46 A
DHEE A MetMb 5 & 5 R A7 LR T & B N T MetMb

Wi BEH: 2019-03-16, f&iTHHE: 2019-07-29
BEEWMA : W — %9 H (ZKZD2017007) , [# 5 [ KBk 3415 H (31760435) ¥ Bl

EEREN:
* JE IR R A

e-mail: liugs@nxu. edu. cn

FEWIUH » 20, 1995 4R, TRORZAR £ BB i R 0L WP AR

e-mail; 1349854712@ qq. com



1264 i 2% 5 61 43 Hr %40 %
SR B R B 9 bR T E MR N R MetMb Ry R AL
5% 2 #ZR5vhe

1 SEHsy

1.1 #R5H

FE ALK BT B AR S R, O S SR R LA S DU
WAL, B FEEREELE 24 h Higii|LmsE, K80
%, 4 Clgi. 53 d i — ik QE i 1, 4, 7, 10, 13, 16,
19, 22, 25 1 28 d £ — W, 3t 10 YO . EHE R E Z 0,
FH AR iy #8240 I A AR 2R T A K 4
1.2 {¢s8

VIS/NIR &G R & gt i CCD 518 HL (BE 7% BB 55 4
i 2T 385 mm MBI . G IEAL . KR EAB TG .
L. VR RSB AR S 0 SCk[13],

IR A5 B e A A i A PR S b (A R R = )
B RAFHIXT LG BE . IR 0 AR AR AR LI S T — 2 R
B H, ERREBRZ RS ARE, RIEAR M=) BT
TN
R,—D
W —D
KD, RZBKUETG B =635 B& . Re & ¥ I g & ot 1k
1%, DIEILFEA SIS %5 EIR O R4 0%, W
L& R A 52 B U 3R 2 100%0)

FEE A 0 B S H0E i WS I A E . CCD A HLBE G A
rETJ: 20 ms; %%ﬁ%g 385 mm; éiéﬁﬁ*ﬁt%)% 70 mm; Eﬁ,ﬁz
B EHE: 200 pm s ',

1.3 HERXEITNE MetMb &2

B, A WEREh 2 wh i (0. 04 mol « L', pH 6.8) Al
R PAAEGS @ s FESIMAE] 25 mL o, IRE¥S); K
W TEZE N F B2 (10 000 r » min~ DI JF 25 s {51
WIWAEVKFE P AE7FE 1 h, K5 B0 15 min(4 °C, 6 000 @), i
UE LWEW; fJe s 7E 525, 545, 565 F1 572 nm b S HUIE WY
WG, BERREE 2% vh R 25 (1. MetMb BT 5 19 B 61 38 1 2
(235

[MetMb](%) = (— 2. 514R, + 0. 777R, +
0. 800R; + 1. 098) X 100 (2)
H(DF: Ry Ry FIRs 232 Asryam /Aszs am s Ases um / Aszs om
F Asis am / Aszs o IOE R LE
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2.1 MetMb {LF1E

P PREAFE IR 3 1 EL BRI 43, R A T MetMb 4
MERCOMSHEHEME 1 FioR, MetMb B A 5 1u H
(12.325~56. 087) , AJ LA 37 A X e e £ 35T 00 A5 7Y

*1 BHILE0SENLESZE

Table 1 Reference values of MetMb content
FEARLE i R/ % BAME/ % FHE/ % PR 2
W4 50 53.642 15. 008 36.214 21. 881
WIEHE 150 56. 087 12. 325 37.473 19. 316

2.2 SREHZERREN

T TR A e 2 PR AR A O 1 RS AE ORI B, B 1)
R HE R AT R, BB A &, 430, 560, 595, 780 il 970
nm K FEEIRULHF . 430 nm Bff I FR A Soret Wiy . KA 17
FE T W% €, 25 1M 21 26 117 5 540 1 595 nm Ab 1 WR A 32 B
AL B s R A LD (T 980 F1 780 nm A A
TN R o 43 5 6F BT K AR B O—H B9 58 — RIS —
zE",
2.3 SEEHETAE

3 Fir I 4k PR3 K SR G O3 i) PLSR @ B4 SR ank 2 fF
s JRIROETEAY RE=0.852, Rty =0.791, ¥R FHWALHOE
T A 8 4 0 {E s RMSEC=4. 604, RMSECV=5. 486,
b AL GRS A B N . T HL, B 1 AT LR S, R R R E
oty 2 TN O . 150 D DA O T R R A R i, A HL IR R R B
.
2.4 HFMEEKKIEE
2.4.1 iVISSA H kit B4F 42k K

IVISSA FIH A & 1) 4 Jm MR F 48 R B Y, DMER i X
IRV MR AR AL B TR R G . ] IVISSA Bk ik
BURFAE P K, 38 5 P12 BB IR, SRAER B 1 000, ik
BT 45 MARENK, LB KN 36%.
2.4.2 SPA kit B4Rk K

SPA HHEEBUCRHE P A B AR YO B 10~35, 4
K2 s, Rty 14 ASFRAE AR 5, FRAEAZ 5 85 B8 KA
M 11.2%,
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(a): JRURs (b): MSC Fiisb#; (¢): De-trending FiALFH; (d): 1% derivative i 4b 3
Fig. 1 Reflectance spectra
(a): Original; (b): MSC treatment; (c): De-trending treatment; (d): 1°' derivative treatment
x2 AEATKEAZTERINLEASER PLSR RE
Table 2 PLSR mothod of MetMb content based on different pretreatment
—— Ve &IE%@,:]so) ‘ 22 H. B IE ’ i 4 (n=150)
R¢ RMSEC Rév RMSECV Rp RMSEP
JE UG % 11 0. 852 4. 604 0.791 5. 486 0. 788 5.729
MSC 9 0. 824 5.022 0.763 5. 837 0.776 5.834
De-trending 10 0. 832 4.908 0. 749 6. 044 0.798 5.568
1%t derivative 6 0. 849 4. 645 0.573 8. 781 0. 482 10. 665
114 0.40 1
107 035
94 0.30 1
o
% 8 £ 0.251
sl S
s 7] 2 020
& =2
61 0.151
51 0.10
(a) (b)
4 T T T T T T d 0.05 T T T T T T .
0 5 10 15 20 25 30 35 0 20 40 60 80 100 120 140
Number of variables Number of variables
2 SPA EiREHRMBERK
(a): RMSECV fAs AL 15005 (b) : BEHR A9 FHE B K
Fig. 2 Feature wavelengths extracted by SPA
(a); RMSECV; (b): Selected characteristic wavelengths
7.0
2.4.3 IRF st Buad 4 ok ¥k
6.5 1 & 4T IRF F2J% . HiF 10 A~ D] 9 )% o 0 fi2 17 ~42,
> 82~100, #RTMI4 & 4] e £ ) RMSECV {8 (& 3) Feflk i, 41
O I . N N . -
& 6.0 Gl FRECy 11, Hik, HE2 AT 11 18] A Y 3 4 B3 1F o R 1E
2 Poke . B K AR VR 14~ 42, 82100 B, B Ik 48 A B
5.5 Ko B 38.4%.
2.4.4 VCPA ik s B4 420k K
5.0O " p P R TR VCPA #] LhA S B o 05 8 A8 1, I W) i AR 48 514~ 5
TN — e JE M . A VCPA B3k 3 BURRE 3% K i, Jhak %

Wavelength interval
3 A& EFREA RMSECY & T I3 AMERAEE A (H BN 10.4%,
Fig. 3 The RMSECYV value of the combined interval for MetMb 2.4.5 CARS ki RAF IR K
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T CARS 53 i 6 5 AL 728 - B py i 2R A 4 Bron . A
4Ca) ] 28t BB R AR RO A2 A i R, SRR A S 9 2E 1R 23
PIFR Y+ RIS — B B DRl o /b OFL 326 ) 10 % — B B IR 6 22 18
O E) 5 1 4(b) 2y 5 P 58 B4 ik A RMSECV (B Fifi R R UKL
WA, BT, RAEECE T B, BLWITEAE B L
Fr. #8)5 . RMSECV S, Bz H N F 8k 7 —se e

. B 4 PR BN R, Bl RN T A
/N RMSECV i, HAE R EE A S LRid. B GRidh
Ly Lyy Ly, Lyy L) FRIRAY RMSECV B | F-45 5 & A, A8
ORISR Pry Py Py Py POBHBRNE, N — 20
WK R RR . F 7 iR LB T 16 M IEAS &, (5 B KA
12.8%,

B 200 i
f=9
£, :
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5 5 100
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2 | r
0 Iy T — T T T — ) T —
0 20: 40 60 80 100 120 o140 o 160 180 © 200
: © Number of sampling runs : :
=
g &
5
o0 .2
2
=}
o
T T T

- T
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Fig. 4 Running process of selecting wavelength variables by CARS algorithm

2.5 EIER

30y 8 Fh PLSR B84, ffi[f] SPA Bk, RE ek, HR2
RE<C0.8; iVISSA B kA, Rt e K. H 2 Rp <<0.8;
CARS 19 RE B4, (HR Rp<C0. 8; IRF 5 3k i B 1 1 g
BT, HR R BN RHE B K BB £ 5 VCPA S35 1 BB SR
B %5 IVISSA+SPA BBk BRI RE #0511 IRF+ SPA
VL BT AR R PR R O . RE I RE 43512k 0. 808 Fll 0. 826,
MetMb & & /9 SEIE 5 F00 A et e R 5 pros, M
T MetMb & &t () IRF+ SPA-PLSR £ 8 2 H % 1Y ,
Sy SEAE 5 BOAE P B SR B AL T 4575 F K .
2.6 TEERBMFE

T 10 A SCHME R B B T OGRS MetMb &

601 ) .
R,=0.788
kY RMSEP=5.729 ..

501
454
40
354
304
254
204
154
10

Predicted value/%

(@

T T T T T T T T T 1
10 15 20 25 30 35 40 45 50 55 60
Measured value/%

£33 AEABEKERAFEEILHH PLSR IRB KGR
Table 3 The results of PLSR models based on different

wavelength extraction methods

KIESE (n=150)

J 4K (n="50)
BRERE B B

R¢ RMSEC Rp RMSEP
FS 125 0. 852 4. 604 0. 788 5.729
SPA 14 0. 790 5. 488 0. 834 5.026
CARS 18 0. 815 5. 146 0.714 6. 665
VCPA 13 0. 651 7.077 0.595 7. 849
IRF 48 0. 822 5.059 0. 824 5.182
iVISSA 45 0. 856 4.539 0.792 5.622
IRF-+SPA 10 0. 808 5.253 0. 826 5. 149
iVISSA-+SPA 11 0. 786 5.538 0.776 5. 940
60+ . .
R=0.834
557 RMSEP=5.026 -
501
& 454
2
= 404
>
= 354
2
g 304
& 254
204
154 (b)
10

| T T T T T T | T 1
10 15 20 25 30 35 40 45 50 55 60
Measured value/%
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60 1 ) - " oty R,=0.595
R*=0.714 =0.. . e
=R I 551 RMSEP=7.849
504 " 504
S 45+ S 45+
E) o
= 401 = 40
> >
= 3541 = 351
2 2
% 304 % 304
£ 25 £ 251
204 20
154 ° (© 15 @
10 T T T T T T T T T 1 10 T T T T T T T T T 1
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Measured value/% Measured value/%
60 , 60+ >
odl R%,=0.824 - R%,=0.792 .
RMSEP=5.182 . 551 RMSEP=5.622 .
504 504
s 451 S 454
T::: 404 % 401
> 354 > 35
o = 354
239 3 304
g 251 -
& 204 £ 254
154 ., 201
10 (e) 154 6]
5 ] T T T T T T T T 1 10 T T ) T T T T T T 1
10 15 20 25 30 35 40 45 50 55 60 10 15 20 25 30 35 40 45 50 55 60
Measured value/% Measured value/%
60 - . 60
554 R,=0.826 . 55 R=0.776 -
= . RMSEP=5.940 .
504 RMSEP=5.149 504
%\z 454 § 45
% 401 % 40
> 35 >
2 30 3 ¥
Q 153 -
5 25 5 30
o (5]
& 20+ & 237
15 20+
101 ) 154 ° ()
T T T T T T T T T 1 10 T T T T T T T T T )
10 15 20 25 30 35 40 45 50 55 60 10 15 20 25 30 35 40 45 50 55 60
Measured value/% Measured value/%
El5 MER MetMb 2 EE5TINEEMXE
(a): FS-PLSR; (b): SPA-PLSR; (¢): CARS-PLSR; (d): VCPA-PLSR; (e): IRF-PLSR;
() : iVISSA-PLSR; (g): IRF+SPA-PLSR; (h): iVISSA+SPA-PLSR
Fig. 5 Relationship between the measured content vs. predicted content of MetMb
(a): FS-PLSR; (b): SPA-PLSR; (¢): CARS-PLSR; (d): VCPA-PLSR; (e): IRF-PLSR;

() : iVISSA-PLSR; (g): IRF+SPA-PLSR; (h): iVISSA+SPA-PLSR
Bz E g R, M5 PLSR &8 EE. Bl Yo BT A0 TP BB 0O 1% Ml £, B DG O RS A A, Ré = 0. 852,
=3.249 7+1. 900 22465 — 4. 791 2240 +5. 913 551, — 1. 856 2 R:=0.788, RMSEC=4. 604, RMSEP=5. 729;
Asz0 — 5. 879 3Asu5 T 2. 246 3As60 +5. 066 1A550 — 2. 320 1Ass5 + (2)%?Eﬁﬁﬁlﬁ‘]ﬁ‘ﬁ}ﬁj ’ 1@}% T CARS, VCPA, IRF,

1. 214 9A700 — 1. 348 8Ag14 (A ?%/T\?WH'{BZK> ’ Eﬂzﬁﬂ:ﬂﬁ«ﬂﬂﬁéﬁ
RGP REE N MetMb & i Y ARXS L.

3 & it

L3 B AR SR 4 RS R AR G 190,

G HE T REAR 9 MetMDb 75 B, 48 PLSR U8, )6

AR T LA S o MetMb B B . 2536 10T -
CURH U 38R 1 4y o 077 AL 30 3 39 A L

SPA, iVISSA, IRF+ SPA, iVISSA -+ SPA % [ 4 77 .
& IRF+ SPA-PLSR #4 7 #: g £ 4%, L R:=0.808, Rsp =
0.826, RMSEC=5. 253, RMSEP=5. 149, #f [ T 4 )k B,
P TRIR A G, AR R TR A

(3) T IRF+SPA FEE R 19 10 A4S SCHEPERRAE B 1<
AL TOLIGEIE S MetMb 28 Z R E AR R, HE
EREBHN: Yoramy = 3- 249 7+1. 900 2X455 — 4. 791 2245, +
5.913 525, — 1.856 2As50 — 5.879 355 + 2.246 3Ase0 +
5.066 1255 — 2. 320 12sgs 1. 214 9Azg — 1. 348 8As1s o
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Rapid and Non-Destructive Detection of Tan Sheep Meat MetMb Contents
Using Hyperspectral Imaging

CHENG Li-juan', LIU Gui-shan'* , HE Jian-guo', WAN Guo-ling' , MA Chao*, BAN Jing-jing' , MA Li-min',
YANG Guo-hua', YUAN Rui-rui'

1. School of Agriculture Department of Food, Ningxia University, Yinchuan 750021, China

2. School of Physics and Electrical and Electronic Engineering, Ningxia University, Yinchuan 750021, China

Abstract The proportion of Metmyoglobin (MetMb) in meat directly affects the color of the meat. This paper combined the vis-
ible near-infrared spectroscopy (ViS-NIR) data of Tan sheep meat with the chemometric method to explore the feasibility of rapid
non-destructive detection of MetMb content in Tan sheep by hyperspectral imaging technology and develop a quantitative function
of MetMb content. The MetMb content of the sample was measured by a spectrophotometer, and the interest region of 200 sam-
ple spectral images during storage were extracted by ENVI4. 8 software. The relationships between MetMb content and spectral
date of samples were established to quantitatively analyze. In this study, according to the ratio of 3 : 1. the whole dataset (n=
200) was divided into a calibration set (n=50) for performing independent validation (external validation) of the developed cali-
bration models using the sample set partitioning based on joint a-y distance method. Several spectral preprocessing techniques
such as multiplicative scatter correction (MSC), first derivative (1st derivative) and De-trending were applied to eliminate noise.
Competitive Adaptive Reweighted Sampling (CARS), Interval variable iterative space shrinkage approach (iVISSA), Interval
Random Frog (IRF), Variables combination population analysis (VCPA) and Successie Projection Algorithm (SPA) were used
to select and optimize variables. Partial least squares regression (PLSR), which was one classical linear calibration method, were
used for developing prediction models based on full-band and feature bands. The results showed that the original spectral model
was best, and its RE =0. 852, R =0. 788, RMSEC=4. 604, RMSEP=5. 729. The CARS, IRF, SPA, iVISSA, VCPA, IRF+
SPA and iVISSA-+SPA methods were applied to select 16, 13, 48, 14, 45, 13, 10 and 11 feature wavelengths from the original
spectra, accounting for 38.4%, 10.4%, 11.2%, 36%, 10.4%, 8%, 8.8% and 12. 8% of the full wavelength, respectively.
The IRF+ SPA-PLSR model was the best among the models developed, and its R, R}, RMSEC and RMSEP values were
0.808, 0.826, 5.253 and 5. 149, respectively. The IRF-+ SPA algorithm greatly reduced calculating time and generated more
accurate and more robust prediction model compared with full band. Finally, the quantitative linear relationship between spectral
data and MetMb parameters was established based on the IRF+ SPA algorithm, and the quantitative function was: yovem =
3.249 7+1. 9002165 —4. 791 22452 +5. 913 5512 — 1. 856 2As550 — 5. 879 32545 1+ 2. 246 3560 5. 066 12550 — 2. 320 1d555 +1.214 9
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Azgo — 1. 348 8Xs1y. It is shows that Vis-NIR is feasible for the rapid non-destructive detection of MetMb content in Tan sheep.
Simultaneously, the quantitative function developed provides a reference for the rapid determination of MetMb content in Tan

sheep.

Keywords Tan sheep; MetMb content; Hyperspectral imaging; PLLSR; Wavelengths selection

* Corresponding author (Received Mar. 16, 2019; accepted Jul. 29, 2019)
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made the correlation-removed features can be represented by fewer hidden features. Finally, the dimensionality-reduced features
were fed to different classifiers to train model, including support vector machine (SVM), linear discriminant analysis (LDA) and
softmax regression. Among those models, the average recognition accuracy based on ZCA whitening, PLSDR and softmax re-
gression was 94. 06 % on the test set. The results demonstrated that the proposed method could effectively discriminate the ori-

gin of Lycium barbarum samples.

Keywords Near-infrared; Hyperspectral image; Lycium barbarum; Geographical origin identification; Zero-phase component

analysis whitening; Softmax regression
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