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W E OBWAMEEACTVEN) &M 5 R 6 F & f 52 8 ds 45, R W] /58 214 (VIS/NIR) S 3 X
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R, B IEAR G RBCR) AR IE 77 M ¢ 22 (RMSEC) 43 5112 0. 96 il 1. 47 mg/100 g, T AH ¢ & L (Re) FITH
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A 4 M 0 AR B, NIR 4 i Al 2k 1 00 00 A5 700 o o 2k o
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BT TVB-N & i i, RE &R KM% —ERE
T T BRI MR AR H B IR M AR 5 4 1k HE 2R 1 10 A A
BPNN AH LLAT A 2285 . SR T, 4% £ 1 T U 45 & BPNN 1y
LREET A RELRGE LS, HEEWET G, &
AL I R 8 ) O8I B 32 47 SR 6 R AT 200000 5 4 T 2 B SO R
P AT L R BPNN il #280 7E VIS/NIR it 3% o ) 45 Ik, e
AW . B, Dombi-' S 7E 1995 4F 2 - 1 5 i { (mean
impact value, MIV) Jr ik X BRI A8 i 45 B E L&, H 2
X EEAT ST B IR A R, 0L
BG4 A 45U g R

T R R T P % A TVB-N & i (1) BPNN 7
WRLAEL, & A0 PCA X8 A6 3k B il o 47 MR 4,
TVB-N & i ) PCA-BPNN i U #¢ & 5 {3 — 25 5] A MIV
Tk VIS/NIR 2% 5 4 A8 1 47 3 AR G RRAE L 38 . AR A%
o R 0 AR 8 MIV-PCA-BPNN,, $ Ji o A o i 4 1 e fele 4
PIAJ7 Tl PF Al MIV-PCA-BPNN il # 81 ,

1 Smay

1.1 BERAERNHE

WA T R R R, WA RE SR K
OUEBAL o 225 SCHRES TR A8 » AR AR DD E1 A 30 mm X 30 mm
X20 mm RSP, #4795 HEF . 2645 51 AFEAS, B REAR
TR BRI T 4 CCIBE, W, AFRIRE 24 h He 5 K
MR 5~7 Al i E T 25 CERABEZ 20 min,
BRI B H AT OGS R R AR T TVB-N &l E .
1.2 FRIEHENRE

SR AR R G ARG VORI LR QE65pro, b 8t
I8 HL-2000, #Wp & A AL S80GSR A
200~1 000 nm, JE3 5B Ay 0. 14~7.7 nm, H IR P K
il 360~2 400 nm; 3@ i 31 55 B 6 1% BT 28 R 4 4K 1
SpectraSuit, DA 5 S . ek oRERF A 1 FT
o FERTIAT R, RIESEIR R L E B F IR AE S 1.5
cm, 63 B 25 AR IR b T 0 ZRROE X,
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Fig. 1 Diagram of spectral acquisition system
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Fig. 2 Raw reflectance spectra of 51 pork samples
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Fig. 3 The TVB-N content of pork varies with days (4 C in a

refrigerated environment)
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Table 1 Statistics of pork TVB-N value (mg/100 g)

in calibration and prediction sets

FEALE FEAANE FHME IEPN: ] I /IME PR 22
R4 41 20. 14 34. 10 11. 45 5. 68
I iF 4 10 18. 50 28. 42 13.56 4.29
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Fig. 4 Flow chart of PCA-BPNN

BRI OGS B & A IR 600 DK AR I,
WE ARy BPNN B 5 A s, 0B 28 K e st [l 24
W, Se T PCA X HEAL G A RE A G 1 B0 AT R AL AL 3, 3
A AR YETE (S B R 99.99% 1% 11 4~ E A 43 E F BPNN (¥
AT L B IR IEAM S R (R . TINAE G R4k, &L IE
Y175 MR 1% 2% (root mean square error of calibration, RMSEC)
FTT K J7 AR R 22 S PR AR AR R U GRS A . B BPNN £
Bk 2 .

* 2 BPNNE&HiZE
Table 2 BPNN parameters setting

e Cq SRR E

e 2 £ 1B R AR Sigmoid

i 2 AL 3 R B Purelin
UENEEA Levenberg-Marquardt
e 28 2

B =1 R [11, 5]

25 o) R 0.1
EAUEL 1000
Hbrie 2 0. 001
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MIV 7 i 45 9 45 7 FH o 2 2 o 48 a0 45 SR g i 8 o A
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5 TVB-N S tH R iR & . MIV K R 5
AR 5 R, BAEL RN
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Fig. 5 Flow chart of wavelength selection in MIV
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Fig. 6 Flow chart of MIV-PCA-BPNN
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Fafart . W%, Re BUE M 1, RMSEC M8 (il q% . #im
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SRS RANE 7 R . BT LLE W AR AT i B R W
BRARR MIVEEA B K ER, T T XAF B
Wi B MIV S0 /N T 4948 0. 034 H5 TVB-N & 7 6 H:
BTN 373 AR A S 2SI . TS BIEHE R 221 AN

KAz,

0.25 T T T

Abosolute MIV
=
)
S

0
450 500 550 600 650

832

740 745 757 762 828 \ 847 863 89489

700 750 800 850 900

Wavelength/nm
7 MIV & HE DR K5
Fig. 7 Distribution of characteristic wavelength selected by MIV

B 7 7T 0L MIV SUE BRI I BUAR A A e 7 A i
BT . 72 VIS 3% BE (450 ~780 nm) . 45— A 0% B 7 471
nm, BIPAPEK 471 nm A0, AL WM 20 nm NG 452,
455, 461, 480 Fl 491 nm FRAE K. 388 K O I AL B R ik
LA 3R 9 A W i X 55 AN D0 HE BAE 544 nm, B RLJE K
544 nm RH L, AL 20 nm A 527, 530, 533, 540
M1 541~555 nm FRAFE K, XEE BN AR AL E B
B W S 0 X, BF = FIES DU AN gk i B BRAE 588 A1 613 nm., X
A W TN 45 5 578~ 600 1 613 ~625 nm FEAE ¥ B, 4
N R LAT 2 R GE ILAT 2R RO IX . 5 A B 0 S A
740 nm, LLPEK 740 nm H L, A4 20 nm NF 745, 757
762 nm FRAEP K . X B K O A O—H 85 = £ 40
) I e W DX 1S 7E NIR 3 B (780~950 nm) , &5 A AN i 16 1y
A 832 nm. LA 832 nm AL, A4 20 nm N 828
Fl 847nm FHAEW K, X AL FFIE R KA A T N—H #5 =
555 A W S0 o B i — > U 04 BLAE 894 nm s M ) R AE
WA 863, 895 HI 896 nm N P & C—H 55 = % 4 W Uk
m%[lﬂo

TVB-N 25 R At i 72 by F 28 1 5 43 fife i ™ A= LA
Fe R 26 gtk & /U RO X S A B R R A A
HA(C—H, O—H, S—H, N—H 24k 228 iy F: 1 1% i 1%

5 MIV Jy i B i o ok 1 5 AE i 4 2 B0 R B — 3k i
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72 K AR v B s A b o AT DL I AR O 2 BR AR T e v A R )
A RN ACR . A A R f e T R AR T

MIV-PCA-BPNN &5 [y 25 i 5 b 1 B R £ .
FEHREH , MIV i K i 8 0 Bk T 8 2l 48 M A #2521
Wt A R, ARAR L MM G AR B T 458, PCA M4k
R, FTRBUN BB E T KRN S TVBN & %
(s s PRIk 2 B B0 s &5 SR A5 Sk [9 1458 — 5K

N T k2 A AR 2 T A A 5 2 T A R Y
g, 2% 0181 Bk, 416 22 Rl O B4 5303k X B AR ol 3
FERATHAL B, Hop 4G drE ESE RSN, £
TEEY 7 IE (MSC) | Savitzky-Golay (S-G) Fi, # H S 5N
3~21CH RN 2>, EWE N 1~5, KFHECH— s =
(D, 2D, ¥fEd.ofb ., WRUEMSE, it I B R F Rk
SRS E S8 BT 46y PLSR fil PCR #
A, SERME 9 i,
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x3 WEABRHMNEEY TVB-N RENHER
Table 3 Analysis results of TVB-N content for different prediction models

B i 4k 207 3 ‘fg Z\g Re (ig/[/‘?gg; Ry (nliglvj‘?gg); ), RMSEP/RMSEC
PCR MSCH+S-G(11, 2)+2D 594 10 0.76 3.67 0. 85 2.35 0. 64
PLSR SNV+S-G(9, 2)+1D 594 5 0.93 2.05 0. 82 2. 60 1.27

PCA-BPNN bRl 594 11 0.96 1.47 0.93 1. 74 1.18
MIV-PCA-BPNN brifEfk 221 13 0.98 1.12 0.96 1.21 1.08

= 3 Pron. PCR BUMAE R R T 10 A ER. 53
FR Al 5 7 AR L RMSEP/RMSEC i s fiK . B8 AU A2
e PE g . (H R IE 9 GO AT LU . HARE A T00 0 0 00 € 11 %
Wi s A L . B BT IR . PCR S R TR 9 1 g 4
#r Re =0.76, RMSEC=3. 67 mg/100 g, RMSEP—RMSEC
<O, XAIEEA IR ZERON, B A AU R I
PERM A 22, WA BT R X TVB-N {9 5€ 1 43 . 7 S 4

PETN AR AL ) PLSR 452 A ¥ GEAH & T PCR H & KiET+. &
SR PLSR T 45 4 ) 4 2> 5 40 B AIG T 4SS 8 0 00 A iR 2%
PLE R A3 F PCR AR T H R B2 T, (H H 190 0 KG
X FRi#%, H RMSEP/RMSEC=1. 27, m§kF3RK My 1. 20,
B U TR R f M AN A

M 3B LU 1, R # %) PLSR, PCR fll BPNN =
B3 F 493 1 B A4S AL o, PCA-BPNN fi§ RMSEC #1 RM-
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Faf@t:, RIEFEN, B EE SRHEWA S TVBN & & Z [
AR LR, MHAATEIERME R, A TAEH AWM
TVB-N IF U 3 Bl H 300 1 B 28 PR30 .

FH 3 AL, MIV KR8 R 221 4S9 K A8 5
T 57 MIV-PCA-BPNN HUl A5, fif Fj T 13 A~ F 850
53 F 4% 5 PCA-BPNN U B B AT b . Re M 0. 96 45y
0.98, Rp M 0.93 7% 0.96, 3 H H RMSEC f1 RMSEP
/s 4318 1,012 mg/100 g Al 1. 21 mg/100 g, 7ERT A H4
R TN AR R o, o B T RO (M A

345 ®
PLFE R e K WL ST % 5 K 45 326 72 /9 450~ 900 nm
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Improvements of VIS-NIR Spectroscopy Model in the Prediction of
TVB-N Using MIV Wavelength Selection

CHEN Yi-fan, LI Yun-jing, PENG Miao-miao, YANG Chun-yong” , HOU Jin, CHEN Shao-ping
Hubei Key Laboratory of Intelligent Wireless Communications, College of Electronics and Information Engineering, South-

Central University for Nationalities, Wuhan 430074, China

Abstract  Volatile Basic Nitrogen (TVB-N) is an important physicochemical property for the detection of meat freshness. Using
visible/near-infrared (VIS/NIR) spectroscopy to analyze TVB-N content is of great importance quantitatively-. The prediction
model is the key factor for detection TVB-N content in visible or near infrared spectroscopy. Thus, an accurate and robust
prediction model can improve the quantitative analysis results of TVB-N. Firstly, we collected 51 representative pork samples
with different freshness, and determine the effective band from 450 to 900 nm after removing low signal-to-noise ratio band from
200 to 450 nm and from 900 to 1 000 nm. Then we use principal component analysis (PCA) to reduce spectral data in order to
construct a back propagation neural network (BPNN) model. On this basis, we use the mean impact value (MIV) method to se-
lect characteristic wavelengths which strongly related to the content of Total Volatile Basic Nitrogen (TVB-N) in edible meat.,
and finally construct a MIV-PCA-BPNN prediction model based on 221 selected wavelengths. Experimental results show that the
related coefficient of calibration (R¢) ., the related coefficient of prediction (Rp) . the root means square error of calibration (RM-
SEC), the root mean square error of prediction (RMSEP) and the robustness index of the PCA-BPNN model are 0. 96, 0. 93,
1.47 mg/100 g, 1. 74 mg/100 g and 1. 18, respectively. The PCA-BPNN nonlinear prediction model is better than the classical
linear prediction model principal component regression and partial least squares regression prediction model, which proves that
TVB-N has strong nonlinear effects. The Rc, Rp, RMSEC, RMSEP and the robustness index of the MIV-PCA-BPNN model
are 0. 98, 0.96, 1. 12 mg/100 g, 1. 21 mg/100 g and 1. 08, respectively, it is RMSEC and RMSEP are the smallest, while R¢,
Rp are the largest. Therefore, MIV-PCA-BPNN is the most accurate and robust model in all constructed prediction model. In
addition, the characteristic wavelengths selected by the MIV method are concentrated near 7 peaks, which are distributed in the
absorption regions of chemical composition in meat. The characteristic wavelengths are consistent with the absorption peaks of H
Contained Groups in TVB-N, which provides a theoretical basis for selecting wavelengths by the MIV method. It is found that
the MIV wavelength selection is effective to improve the performance of the prediction model, which offers new thought for using
the neural network to eliminate irrelevant wavelength variables. The MIV-PCA-BPNN prediction model could be used for the

quantitative analysis of TVB-N in meat.

Keywords Visible/near-infrared spectroscopy; Back propagation neural network (BPNN); Wavelength selection; Total volatile
basic nitrogen (TVB-N)
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