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On-line Measurement of Nutrient Content of Corn Stover Using NIRS

Xue Junjie Han Lujia Yang Zengling Shen Guanghui Liu Yuchen
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Corn stover contains abundant nutrients for animals and it is the main source of roughage for
large domestic animals. To guarantee the quality of feed, the on-line measurement of the nutrient content
of corn stover is essential when it is being used as a roughage feed or a raw material for silage. In the
present study, the on-line determination of moisture, crude protein (CP), acid detergent fiber ( ADF)
and water-soluble carbohydrate ( WSC) of corn stover was investigated using near infrared spectroscopy
(NIRS) operating over a conveyor belt moving at 20 cm/s. The distance between the sample surface and
the scanning window was 100 mm. The 217 corn stover samples, collected from three provinces of China,
were crushed to not more than 5 cm for spectral analysis. The relative standard deviation (RSD) and ratio
of standard error of performance to standard deviation ( RPD) of the models developed for moisture, CP,
ADF and WSC were 9.03% and 1.97, 11.36% and 2.31, 3.75% and 2.02 and 16. 18% and 3. 61,
respectively. The results showed that it was feasible to determine the moisture, CP, ADF and WSC
contents of corn stover using on-line NIRS, which would help raise the efficiency of nutrient measurement
and thus guarantee the quality of feed. The sensitive bands of the models were investigated, which could
help to simplify the models and thus reduce the cost of the specific spectrometers for practical application.
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Fig.1 Corn stover samples prepared for spectral

and chemical analysis
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Fig.2 Experimental apparatus for collection of sample

spectra from corn stover
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Tab.2 Statistic of calibration and prediction sets of nutrient content in samples g/kg
ER : 1 IE & _ : EranE s _
L M P ol A 22 FlEREE| - 3 {E P 22
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Fig.3 Frequency histogram of chemical analysis in samples
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Fig.6 PCA scores of components and spectra of sample from different provinces

i, WA WA . Hgeal W, 3 AN 0 B AR L TG IE
VN Wi $UY Y oy S ol i N VA I A S
A RE SR PR EREE AL R B3 AR i, (H 2 X L
A0y [ s Tt DX, A A AR R R A AL T
X 5 R A Yo L PN 5 8 A R TR A Y
B WA T o R RO o I B, FEAR W5 PR i
3 A Oy B RE a1 D — A RRE A SR AT AL B

o DR IERE B B RS I, AR BIF 580 A = 20 (R T
P EGAEIN 3 AF bR A 22w N T B E D3 A B i
D 22 L e WA 5% 22 R T 3 Af A AR 3R 22 I Rl E AT
TR, 0 B S HBR S Ak oy 4 M HLEE L AT
PEHAE & o

i T3 4140 O 3% 15 B B Ok A S B
55, i SRR E AL A TE R 2 7 ik AT R Y [l 5, X

TR 0 O 3 B4 , 5 R AN 6] [l 03 5 o T el
TR OISR BB A& A A B A, 6 & H A
TG BRI s | IR b, 5 B A S A O ik i Ak
BE 5k R M B X 28 5 8 00 fF B JC R A B R I
o 283 I AN A ] UE T vk FAS ] AL B S
K TR AR5 IR . |y AT 1, PLS iy gl 485 45 2R %
i 4F T PCR @B Jy ik, R W] PLS Jy 12 g 80 4 #th 42
HA W I hoRE i 63 A RS B R, XK 43
f14) B 7R 0 % o ) PLS S A8E 7 9k o i X O [R) Ak
RS AIZE L 2 S AR I RS B O v, L R i Ak
B Ry HE 2R RS OE R OT U, 3R BT AS O 5 A R O (S
ST B W ok T B H BE AL M R [ e AT S AR
TER T PR IL LR MR 1% 25 o FF O T A 46 B 1 8L T 2
R 3 AT R B 6 AL BORT [ U5y v b A




%73

BERAN 25 TORFE AT DR 57 A2 NIRS 18 2645 221

00 0 BRI T AR bR, A SO 4
DU TRIAR C 2 BN 5 i
Zead T Y G WAL B R K HLE B

PR R A 21 4 T 38 o T ) e IO T ) 25
TSR 4 R, BN E A5 1624 23 4 (8 ) B
mE 7 fros.

®3 AEERAFAEMHLEFTEZTHKRSEESH ST

Tab.3 Results of NIRS on-line models for moisture prediction using different regression and preprocessing methods

T A B IE 4R H!}fﬁtﬂ?%
ETReS EVEpRS -y U AL IE PC RMSEC/ RMSEP/
% 1E . > RPD RSD/%
A% (g-kg™") (g-kg™")
1 PLS None None None 7 0.72 3.83 0.73 3.87 1.92 9.29
2 PLS (0,3)"  FELKIE None 6 0. 81 3.18 0.75 3.76 1.97 9.03
3 PLS None 1*(2,15)" None 5 0.71 3.91 0.72 3.98 1.86 9.55
4 PLS None FEL LR None 6 0.83 3.01 0.76 3.78 1.96 9.07
5 PLS None None SNV 10 0.73 3.73 0.71 4.00 1.85 9.59
6 PLS (0, 3) None None 7 0.72 3.83 0.73 3.87 1.91 9.29
7 PCR None None None 3 0. 64 4.35 0.71 4.03 1. 84 9.68
8 PCR (0,3) HLRIE None 7 0. 66 4.21 0.65 4.40 1.68 10. 57
9 PCR None  1%(2,15) None 8 0. 67 4. 14 0.70 4.13 1. 80 9.90
10 PCR None None SNV 9 0.70 3.96 0. 67 4.20 1.76 10. 09
11 PCR None AL IE None 4 0.63 4.36 0. 64 4.47 1. 66 10.72
12 PCR (0, 3) None None 6 0. 69 4.00 0. 69 4.24 1.75 10.17
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Tab.4 Results of calibration and validation of NIRS on-line models
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PR M U % £ SNV,1°(2, 15), AZh4EK 10 0.81 15.59 0.77 16. 25 2.02 3.75
EIRESi i (2, 5), A4k 7 0.91 11.23 0.93 10. 87 3.61 16. 18
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3 1 5 M/ C—H i 45 9% 2l /HOH 78 JE 1y 41 & 4t
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) C—H 453 1 f54, R—CH—CH " C—H fif
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for wave numbers in models
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