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variables for the main quality indices in feedstuff, so as to develop the non-destructive rapid quantitative calibration
models of quality indices of feedstuff, and thereby to improve the efficiency of non-destructive and rapid detection.
Methods The near-infrared spectra data of feedstuff samples were collected and the specified values of moisture,
crude protein, crude fat, and crude fiber were obtained. After outlier elimination, sample set partitioning based on
joint X-Y distance (SPXY) algorithm was used to divide the data set into the calibration set and external validation
set. Based on the calibration set data, Monte-Carlo-uninformative variable elimination-successive projection
algorithm was used to select 25, 20, 15, 10, and 5 key variables for the 4 quality indices, respectively. Based on the
key-variables data, the calibration models were developed and the external validation sets were predicted. Results
The number of key variables selected for feed moisture, crude protein, crude fat, and crude fiber were 15, 25, 15, and
15 respectively, the number of the model factors were 9, 11, 10, and 9 respectively, the determination coefficients
were 0.8288, 0.8605, 0.9338, and 0.8327 respectively, the root mean square errors of calibration were 0.17, 0.81, 0.31
and 0.22 respectively, the root mean square errors of cross-validation were 0.19, 0.93, 0.34 and 0.23 respectively, and
the ratio performance deviations were 2.79, 2.38, 4.01 and 2.89 respectively. Conclusion It is demonstrated by the
results of key variables selection combined with the prediction of external validation set that the numbers of the key
variables selected are less than that of the full spectra obviously for the 4 quality indices when the accuracy of the
models are ensured, which can provide a certain reference for improving the efficiency of non-destructive and rapid
quantitative detection of the quality of feedstuff.

KEY WORDS: formula feedstuff for swine; near-infrared spectroscopy; Monte-Carlo-uninformative variable
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Table 1 The statistics of the quality indices in feedstuff samples

giiti Ky HER HLBE V7 HLLF 4
n 300 300 300 300
min 10.24 12.7 1.93 2.13
max 12.61 22.49 7.98 4.94
ave 11.99 17.3 3.9 3.61
std 0.42 2.11 1.18 0.49
Rx 2.37 9.79 6.05 2.81

cv 3.50% 12.20% 30.40% 13.60%
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Fig.l1 NIR spectra of the feedstuft samples
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Table 2 The statistics of the quality indices in feedstuff samples
after the outliers eliminated

Hiiti K5y HLEE HLIE HLEF 2
n 297 293 295 291
min 10.52 12.7 1.93 2.13
max 12.61 22.49 7.12 4.94
ave 12 17.25 3.85 3.62
std 0.41 2.11 1.12 0.48
Rx 2.09 9.79 5.19 2.81

Ccv 3.40% 12.20% 29.20% 13.10%

W TR S (5 W BT B e N SR, 4 St AR B
SIAHT . 5 8T AL IE AR 1 450 (NY), Re . Reey. RMSEC,
RMSECV 43l i 3 f3k 4 B, 45635 3 M3 4 4]
W, SR SRS AR R il Ry A AR TR 142
. 1M RMSEC. RMSECV B AN[RIFREE 1 T B, L%
(B S BR A ) T4 oo Fir el A 70 ot 1, DA T Ay 45 5 Joi
FE AR SRR AR T (1 i HE B A T SE M e A, T AT DL UE X
JIT 1 S A G I 5 R ) AT
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Table 3 The statistics of the quality indices in feedstuff samples
before the outliers eliminated

St Koy HEN HLAE Wi HLT 2
N; 13 11 9 15
R 0.8506 0.8834 0.9256 0.8158

Ry 0.16 0.72 0.32 0.21
RMSEC 0.8012 0.8558 0.9123 0.7304
RMSECV 0.19 0.8 0.35 0.26

F4 ANERIBRFEERRREREITER

Table 4 The statistics of the quality indices in feedstuff samples
after the outliers eliminated

Seitht K4y AN HLIE Wi iR
N; 13 11 9 15
Rc 0.8701 0.8979 0.9360 0.8529
Ry 0.15 0.67 0.28 0.18
RMSEC  0.8317 0.8757 0.9257 0.7981
RMSECV  0.17 0.74 0.31 0.21
32 HENE
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33 XBTENFIESIIE
SR MC-UVE-SPA £ X 1R RHE 4598 05 A% 1F 46 5K
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I S 50 UE AR HEA T T
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Ak, RPD i, RPc i 0.8288, [l i 5 4 2 % b 42 i o
R AE RO/ 4 A, B HERG A Tk 25,20,
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FHL R F 4 5 B TR R R T T 3 S i AR AT A AR R 4
Rank 7 s, Hrh i o 125 1~ R 6 L
ﬂ?ﬁ%ﬁ,i?%ﬁ%zsAk%xéﬁﬁﬁﬂ%
RMSEP ik, R’c. RPD 43 %14 0.8605., 2.38, HAI %L
R4 A ) 2 5ORH [, AT R of 0 R AR s LT T ik
20, 15, 10, 5 /NOCERAR 3 Jir dop B A 78 i v 1 A
T AR

FELAG U 4 T3 A4S 700 11 35 T FIF 296 S i A8 o T A A 7R 2%
Rk 8 pin, Hh g Heh 125 4>, h& 8 v Il
XF ARG, BT RF R 15 A 65 A8 B BT 2 45 A (1Y
RMSEP ik, RPD 1& it 5 LA Wi Al vh e 5, R M
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Table 5 The statistics of diversities of the data of feedstuff samples
Ky HEA HLAE FHLET 4t
it
Calib’ ExVal* Calib ExVal Calib ExVal Calib ExVal
n 200 97 200 93 200 95 200 91
min 10.52 10.84 12.70 13.06 1.93 2.13 2.13 2.72
max 12.61 12.57 22.49 20.50 7.08 7.12 4.94 4.72
ave 11.95 12.10 17.18 17.42 3.92 3.70 3.65 3.57
std 0.42 0.36 2.17 1.97 1.20 0.92 0.53 0.33
Rx 2.09 1.73 9.79 7.44 5.15 4.99 2.81 2.00
Ccv 3.5% 3.0% 12.6% 11.3% 30.6% 25.0% 14.5% 9.2%
TR ONBESE . # N IMRIR R
FR6 RS EERMMETREXRESMEERLE
Table 6 The full spectra model and the models based on the key variables selected of moisture in feedstuff
giitit 125 25 20 15 10 5
I\ 13 10 9 9 8 4
R 0.8830 0.8431 0.8187 0.8288 0.7583 0.5145
Ry 0.14 0.17 0.18 0.17 0.21 0.29
RMSEC 0.8277 0.8031 0.7758 0.7975 0.7373 0.4833
RMSECV 0.17 0.19 0.2 0.19 0.22 0.3
R’ 0.8106 0.8088 0.7989 0.8282 0.7574 0.7112
RMSEP 0.16 0.16 0.16 0.15 0.18 0.2
RPD 2.65 2.64 2.57 2.79 2.35 2.13
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Table 7 The full spectra model and the models based on the key variables selected of crude protein in feedstuff
Giit 125 25 20 15 10 5
N 11 11 10 10 7 4
Rc 0.8957 0.8605 0.8234 0.7459 0.6136 03115
Ry 0.7 0.81 0.91 1.09 1.34 1.79
RMSEC 0.863 0.8159 0.7837 0.7046 0.5683 0.2562
RMSECV 0.8 0.93 1.01 1.18 1.43 1.87
R’ 0.8771 0.7906 0.753 0.7239 0.6064 0.3037
RMSEP 0.67 0.91 0.98 1.04 1.24 1.64
RPD 3.21 2.38 2.21 2.09 1.75 1.32
*8 ARMEERSITEBEMETIEX BT SRAERIGR
Table 8 The full spectra model and the models based on the key variables selected of crude fat in feedstuff
Giit 125 25 20 15 10 5
N 9 9 9 10 2 2
Rc 0.9482 0.9465 0.9387 0.9338 0.2789 0.2789
Ry 0.27 0.28 0.3 0.31 1.02 1.02
RMSEC 0.9366 0.9336 0.9237 0.9196 0.2573 0.2573
RMSECV 0.3 0.31 0.33 0.34 1.04 1.04
R 0.8662 0.865 0.8852 0.8975 0.0888 0.0888
RMSEP 0.34 0.35 0.32 0.30 1.03 1.03
RPD 3.52 3.46 3.77 4.01 1.16 1.16

R EF 4 4 3 4SS 70 1 35 T 29 S i A8 o T A A 7R 2%
R 9 PR, Hb g Hoh 125 4. & 9 T i,
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Frik 20, 10, 5 A~ Q4 AR 7t T HH £F 4 455 50 19 HE 0
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PLEAAUNE 2 Bis . M 2 AF 0L, 7K AR Y O A AR
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EABBGCHE TR FEEPA 908~1040 nm .
1110~1210 nm. 1320~1676 nm Z[a]; HLAg JJj 155 %0 7y ¢

AR R EBEAE YR 1100~1660 nm 2 [8]; KT 445 7 (14
FAr R AT/ 908~970 nm. 1120~1270 nm.
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Fig.2 Distribution plot of the selected key variables for the quality
indices in feedstuff
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Table 9 The full spectra model and the models based on the key variables selected of crude fiber in feedstuff
Giitie 125 25 20 15 10 5
N¢ 13 11 8 9 9 4
Rc 0.8528 0.8036 0.7801 0.8327 0.7548 0.3304
Ry 0.2 0.23 0.25 0.22 0.26 0.43
RMSEC 0.7846 0.763 0.765 0.7128 0.7291 0.2935
RMSECV 0.25 0.26 0.26 0.23 0.29 0.45
R’ 0.6618 0.7075 0.6356 0.7187 0.7008 0.1583
RMSEP 0.21 0.18 0.22 0.18 0.19 0.31
RPD 2.25 2.89 2.44 2.89 2.79 1.68

it 5itie

ABH5E R LVE-NIR JGIECREE 300 AR 1Y
LA, MR HEAR T 5k 22 (8 FOGIE AL AT(E S BR =5,
fifi F§ SPXY B8 3k R 4 f IE 4 AN IR I8 UE AR, a1
MC-UVE-SPA £ %45 5t BT HE bR 7EAR IE AR T 43 Sl i 16 25
20, 15, 10, 5 oCHAR S, JLT Prik & 4 o s Ar 5ok A
PLS [MIAS5 A 4228 B 3G UES 43 il Sr Akl 4 R A
FLRR I AT A IERLAY, FEX) i g AR AL T AR I IE o
SEOLIEHA, AT ) RO o A T R O A e HLAT — S 1Y
KR, EPRUEBITIMEGR B RTEE T, k. M.
FHLRG I | RELZF 2 T 56 04 foe AR S S s MU Ao 15, 25,
15, 15, XA 5 TTHG bR gt S 4 AR T BB B AR F 2 A
SRR, PR AT DA R AP AR T o) R AR

AT R, xRS . ML IR . LR
Y e /i SRR AR BT, LTI SRR e A T A IE AR
TS ELA A v W T P AN B R T e, R R R LR 2
il T TC PR A R AR | TRl A AR 7 AN 4
Pe—E AR S, XA A A G 5 BT AR O R
SR CAERCR 4 S IR B —E S M E .
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