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tion, NW) Fll £ 0 # §F & 1F 325 (multiplicative scatter correc-
tion. MSCOA EL 4 i 1 Bk FIAUR
1.4 SELIMEETERETE

B AR GEPRH T LLAM G5 A 1 501 A B w, HoAD S Tk
WAEMER. BEEFETEELEREA A LELEBRITREL
SRR, SRR TIRG . DR T IRAMRE, AR

PSR 2 (5 B A8 & 1 K B (Monte carlo based unin-
formative variable elimination, MCUVE) . 7Z¢ 5 24 & £ # 7>
it (variables combination population analysis, VCPA)
X ) A5 5 3% AR 23 18] 0k 45 7220 (interval variable iterative
space shrinkage approach, iVISSA) ¥ 7 748 & % ¥ I bb #8545
Ao N € SR O Y A8 R B R T
1.5 RERIEH

G 284 A P AL e Ve BE ST L AR AE AR A S AR
BEHLAR U7 VKL 2T 2 5 s AR, 7 ) 0 00 8 A o oF o A5 L 3
ATIRUE . 2 B T B8 75 3K B RE G 07 RORE £ 4 19 % i o B
Ko RABIEEME AL R, BIMEMERER, . 3 LIWIE
¥I7 fik 22 RMSECV, il 48 ¥ 07 ik 22 RMSEP 545 45 %
DA 58 D (3 900 G R R g T

2 HERSHE

2.1 REWMABFENERSHT

TRDRE HHORL G 07 ATARLET 2 19 52 B RS HR Bk 1 R .

R1 GARGEBHNESESESITR(BME: %)
Table 1 Statistical table of crude fat and corasefiber content in

feed (unit of content: %)

el LN /ME HE P ot 2
HLRE i 4.18 2.62 3.46 0. 42
HLET 4 4.66 1.91 3.19 0. 68

K NW 4 MSC X6l dEA7T BiAb # . Hoh NW &
BORLFE P38 15 (NWOD) L — B S 803k (NWSO L B 5 50
(NW# ) =5 ik, [ B 38 A1 ) NW-MSC Jy 125 3k #E 17 Bi4b
B, AN 2 B O [ AR B 5 i 60 4R REAE i I A0 R 2T 4
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Table 2 The results of crude fat and corase fiber contents in feed with different pretreatment methods

b By HLIG Wi : HLLTF 4 :
RMSEP R, RMSECV R. RMSEP R, RMSECV R.

Original 0.50 0. 90 0.74 0. 83 0. 20 0. 88 0.21 0. 87
Nwoth 0.61 0. 89 0. 80 0. 80 0.21 0. 87 0.22 0. 86
NWist 0.59 0. 90 0. 80 0. 81 0.21 0. 87 0.22 0. 87
NW?2nd 0.71 0. 86 0. 89 0.76 0.23 0. 84 0.23 0. 85
MSC 0.51 0.92 0. 64 0. 87 0.19 0. 87 0.21 0. 87
NW!st-MSC 0. 54 0.91 0.71 0. 85 0. 20 0. 88 0.21 0. 87

WM 2 AT LLAE B, M SR RS B PLS B8, £
NW™ , NW!'ORT NW> = By 2 db 335 A A5 784 38 e 3 B
RO . T MSC 5 NW'-MSC J7 2 %] 47 A6 i 75 2 [ oA 1] fat
BRSSP R A I B BORG B A B % 4 A E R B AR B h
AT NWH-MSC 3k, Sl fii | MSC 1 ik 3 7 ik g o
IR LB TE (5 B AR I, R IEA R RMSECV | 0. 74 T B
F] 0.64, R. 1 0.84 32 &% 0. 87, FEHM L gEkim e, MSC

RMSEP itk FAR G A B AH F 0.01 B & T, i RMSECV
5 R FEARME ; NW'-MSC &b 38 5 1) 850CR 5 bRk % 3 5 A
—F, B, AR AR I R 2T 2 S 3 BT 1Y 06 1% T
Ab BRI MSC Jrik o B Stk (9 TR 46 30 41 40 S 3% A2 it
MSC 4 # 5 B 63 . MSC B IE T 63 (8] i #8 XF £ 48 58
RS . 635 oy B
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Fig. 2 Calibration and test correlation diagrams of PLS model for quantitative

analysis of feed fat content with different variable selection methods
(a) : MSC-PLS; (b): MSC-MCUVE-PLS; (¢): MSC-VCPA-PLS; (d): MSC-iVISSA-PLS



218 i 2% 5 61 43 Hr

5540 &

B, fEH BRI Ry 0.86, RMSECV Jy 0. 21 5 4 3% Y &2
IEEBBUAEIE , (6 i 04 R R, 24 0.87, RMSEP 2 0. 20
H5 2SR, V, 20 5 VCPA 1Y 42 #HUk
.

W& 2 W LR SR R R T b . 4 MCUVE 7
PAEEEREE, AN SEASHEE T 2R, & VC-
PA FI iVISSA J5 i3 5 5 AR LA 20 14 4% St 432 7 K D0 A5 A0 .
HAEBERILTMIE . 508 B 2R E i, W] Lk S VCPA
I IVISSA J7 AT A8t e %, 7 0T AT U AR B A B4R
FHHEBE . MCUVE N2 57 i 38 85
2.3 AREFHEERSH

TN 3 Sy AN [a) 72 d 06 45 5k 1) AL 2T 4 2 ik 43 A B B AR
KB, Bl 3(a) % MSC WiAb )5 H 4% 1501 A48 17 gt 57 11
PLS AL, H A IEHE M RE Ry 0.91, RMSECV
0.28, TEMHRLE T R, 7 0. 95, RMSEP ¥ 0. 25, & 3(b) H%
it MCUVE A8 % 825 MR, R85 R4 740 DA H AT
BRI A3 A R FI R, 4351y 0.95 F1 0. 94, A4 i 45 80 11y
B IF4E R 427 T 0. 04, [ HF RMSECV 2 0. 23, %5 4> R 51 #
(a)

R=0.91 RMSECV=0.28
44 R~0.95 RMSEP=023

5
S
2
<
>
3
2 31
5
(5]
[
— RO TS
T
21 — R
T T T
2 3 4

R=0.91 RMSECV=0.27
4 R,=0.91 RMSEP=0.30

& V=l
L
b=
<
>
3
3 31
2 o
° G
I o k4
— RIS AL
21 o ks
d L — WRSA L
2 3 4

Measured value/%

FEfE T 0.05, RMSEP [ T 0.02, V, 4 740, kLA %0
MCUVE 7% & ¥ £ 0 SO 8 74 FHAS &, #2085 T ALY
i)

Kl 3(c) &t VCPA AF i ik #% 5 @ iy PLS BEAL, i
BIeJ A, Zad VCPA SRR T 11 AAFd ke gl BOA, MLk S
4l MCUVE J7i:, VCPA Ft > 48 i SE 80 T JL-FAH R
253, A IESE R 0.91, RMSECV 0. 27 B84 F 4
PR E AR, T4 R, #1 RMSEP #2% F 4%, B 3(d R
IVISSA 7848 1 3 5 i 4] 1eh R 27 20 6 00 A0 0, A8 750 g st <7
F 20 A5, H R, 7 0.90, RMSECV 4 0. 29, R, 7 0. 93,
RMSEP 3} 0. 27 #H [t 5 4% #1 MCUVE iR % 2, (A5 T
VCPA HLRI G 4T,

X H = A AR R B T, T RAE H MCUVE 45/t ik 5 07
A E AR S B T SRR, WA 0 S 40 4k
WAESBIL-F — 8, B H A 8> T 25, 08 y fH
. FIH VCPA F1 iVISSA AT AR S 3R 88 )5 AR 42 4 /0 A%
HE A G B AR B A B, PR T AR B S B 4 i A A
25—, AR SRR fE

(b) J
R=0.95 RMSECV=0.23 X
4 R0.94 RMSEP=023
R
X
Q
=
<
>
B
5 3 o
3
i . nene
ARG R
o e ot
21 ¥ 83 — WAL M
o
2 3 4
Measured value/%
@ . 8
R=0.90 RMSECV=0.29 o8
44 R=0.93 RMSEP=0.27 o8 °
X ZC .
E o
E
B
S 31
2
[
Ay
— RIS L
21 ° ® JiiRAE
— VRS L
T T T
9 3 4

Measured value/%

B3 AEZEERFFEMEABELTSESE 5 PLS HEKIEMNKHEXE
(a): ZICHUMBI; (b) . ZICHUH SRR PR,
(o) : ZICHUN ARG HEREBAL; (D 2 I0HUR X 1] 48 & 2% 4R 4 A] i 45 45 7Y
Fig. 3 Calibration and test correlation diagrams of PLS model for quantitative

analysis of corase fiber content with different variable selection methods
(a) : MSC-PLS; (b): MSC-MCUVE-PLS; (¢): MSC-VCPA-PLS; (d): MSC-iVISSA-PLS
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The Research on Quantitative Analysis of Feed Crude Fat and Corase Fi-
ber Based on Near Infrared Spectroscopy and Variables Selection Methods

HAO Yong, WU Wen-hui, SHANG Qing-yuan
School of Mechatronics & Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China

Abstract Near infrared spectroscopy (NIRS) combined with partial least squares (PLS) method was used to achieve rapid quan-
titative analysis of crude fat and corase fiber in feed. The norris-williams derivation (NW) and multiplicative scatter correction
(MSC) methods were used to pretreat the spectrum, and the monte carlo based uninformative variable elimination (MCUVE) ,
variables combination population analysis (VCPA) and interval variable iterative space shrinkage approach (iVISSA) were used
to select and optimize the variables of the spectrum. PLS was used for the establishment of the spectral calibration model, and
the parameters of calibration set correlation coefficient (R.), root mean square error of cross validation (RMSECV), prediction
set correlation coefficient (R,) and root mean square error of prediction (RMSEP) were used to evaluate the models. Compared
with other pretreatment methods, the RMSECV and RMSEP values of the spectral model after MSC treatment decreased, while
the R. and R, values increased. In the crude fat quantitative analysis model, the RMSECV and R, of the original spectral model
were 0. 21 and 0. 87, RMSEP and R, were 0. 20 and 0. 88, and the number of variables (V,) was 1501. After selecting variables
by MCUVE method, RMSECV and R, were 0. 17 and 0. 92, RMSEP and R, were 0. 19 and 0. 89, and V, was 400. For VCPA-
PLS model. the RMSECV and R, were 0. 206 and 0. 87, RMSEP and R, were 0. 25 and 0. 81, and V, was 12. For iVISSA-PLS
model, the RMSECV and R. were 0. 21 and 0. 86, RMSEP and R, were 0. 20 and 0. 87, and V, was 20. In the corase fiber mod-
el, the RMSECV and R. of the original PLS model were 0. 28 and 0. 91, RMSEP and R, were 0. 23 and 0. 95, and V,, was 1 501.
After MCUVE selection, the RMSECV and R. of the model were 0. 23 and 0. 95, RMSEP and R, were 0. 25 and 0. 94, and V,
was 740. After VCPA selection, the RMSECV and R. of the model were 0. 27 and 0. 91, RMSEP and R, were 0. 30 and 0. 91,
and V, was 11. After iVISSA selection, the RMSECV and R, of the model were 0. 29 and 0. 90, RMSEP and R, were 0. 27 and
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0.93, and V, was 20. The results showed that the MSC method could effectively improve the spectral quality and eliminate the
spectral translation error; the MCUVE variable selection method could simplify the model to improve the model accuracy and
stability, and establish the optimal model. In the crude fat quantitative analysis model, after the MSC-processed spectrum was
selected by MCUVE, the remaining 400 were used to establish the PLS model, R. and R, were improved by 0. 05 and 0. 01 com-
pared to the full-spectrum model, and the RMSECV and RMSEP were reduced to 0. 17 and 0. 19; The model selected by VCPA
and iVISSA had almost the same result as the full-spectrum model, and its greatest feature was that only 12 and 20 variables
were selected. In the corase fiber model, 740 variables selected by MCUVE were used to establish the PLS model with R, and R,
of 0.95 and 0. 94, RMSECV and RMSEP of 0. 23 and 0. 23, respectively; VCPA and iVISSA used 11 and 12 variables to estab-
lish the regression model, but its model results were all worse than the MCUVE model. The establishment of MSC-MCUVE-

PLS quantitative analysis model using feed near-infrared spectroscopy could effectively quantify crude fat and corase fiber in feed.

Keywords Near infrared spectroscopy (NIRS); Feed; Monte carlo based uninformative variable elimination (MCUVE); Varia-
bles combination population analysis (VCPA) ; Interval variable iterative space shrinkage approach (iVISSA)

(Received Nov. 21, 2018; accepted Mar. 19, 2019)

X ¥ =

LI R, — SRk 4 TR E OB 50035 2 I DA Tt 48 3, DL R R0 i 55 08 =000 ) R AR L o 33K 2 i 1 )
A IRARE OBl 55615 24 )01 T 8 SCHEAT IBE B AR i I 9 IV 55 1 o e 1 AU R TED 9% o 22 90 001 38 B it 3 28 4 . BT R T)
Bt A AR o 3R PLRE I R AR ) R E B SUAH L AL, AR AR RIACR

AT E 7 W 2 E AR, MR

http://www. gpxygpfx. com/

TESCHS T R B, AR EES OB 50035 ) BRI — JF 3@ 17 00 8 J7 3 o AR T R A2 BUE ] B3z 54 A RUAE [ JE
X CEFEM M) ARA TIAER . o i S0l 55 .

A BT R HEE V) SE 43 i B B G AL . B k2 e R

(Rt % 5 Lk 2AT) T
2019 %3 A 15 B





