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Transfer and Validation of NIRS Calibration Models for

Evaluating Forage Quality in Italian Ryegrass Silages
Cho, Kyu Chae, Park, Hyung Soo*, Lee, Sang Hoon*, Choi, Jin Hyeok*,
Seo, Sung* and Choi, Gi Jun*

KC Tech, Korea Cutting edge Technology, Bundang 463-806, Korea

Summary

This study was evaluated high end research grade Near infrared spectrophotometer (NIRS) to
low end popular field grade multiple Near infrared spectrophotometer (NIRS) for rapid analysis at
forage quality at sight with 241 samples of Italian ryegrass silage during 3 years collected whole
country for evaluate accuracy and precision between instruments. Firstly collected and build
database high end research grade NIRS using with Unity Scientific Model 2500X (650 nm~2,500
nm) then trim and fit to low end popular field grade NIRS with Unity Scientific Model 1400
(1,400 nm~2,400 nm) then build and create calibration, transfer calibration with special transfer
algorithm. The result between instruments was 0.000%~0.343% differences, rapidly analysis for
chemical constituents, NDF, ADF, and crude protein, crude ash and fermentation parameter such
as moisture, pH and lactic acid, finally forage quality parameter, TDN, DMI, RFV within 5
minutes at sight and the result equivalent with laboratory data. Nevertheless during 3 years
collected samples for build calibration was organic samples that make differentiate by local or
yearly bases etc. This strongly suggest population evaluation technique needed and constantly
update calibration and maintenance calibration to proper handling database accumulation and spread
out by knowledgable control laboratory analysis and reflect calibration update such as powerful
control center needed for long lasting usage of forage analysis with NIRS at sight. Especially the
agriculture products such as forage will continuously changes that made easily find out the
changes and update routinely, if not near future NIRS was worthless due to those changes. Many
research related NIRS was shortly study not long term study that made not well using NIRS, so
the system needed check simple and instantly using with local language supported signal methods
Global Distance (GD) and Neighbour Distance (ND) algorithm. Finally the multiple popular field
grades instruments should be the same results not only between research grade instruments but
also between multiple popular field grade instruments that needed easily transfer calibration and
maintenance between instruments via internet networking techniques.

(Key words : Near infrared spectroscopy, Forage quality, Calibration, Validation)
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Sample irg4

70D 7SO 800 850 90O 940 1,000 1,050 1,00 1,150 1,200 1,250 1,300 1,350 1400 1480 1,500 1,550 1,600 1650 1,700 1,750 1,800 1850 1,900 1,350 2,000 2,050 2,100 2,150 2,200 2,250 2,300 2,350 2400 2450
Wavelength, nm

1. 4 samples of lItalian ryegrass silage spectrum at 650~2,500 nm with Unity Model 2500X.

sample IRG4

1400 1430 1500 1,550 1500

1§50 1700 1750 1800 1850 1800 1850 2000 2050 2100 2150 2200 2250 2300 2350 2400
Wavelength, nm

Fig. 2. 4 samples of Italian ryegrass silage spectrum at 1,400~2,400 nm with Unity Model 1400.

Sample IRGST-2

Log(

1450 1500 1550 1500

1650 1700 1750 1800 1850 1800 180 2000 2050 2000

2150 2,200 2250 2300 2,350
‘Wavelength, nm

Fig. 3. Converted from 2500X to 1400 Spectrum Database 1,400~2,400 nm
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Fig. 4. SNV & Detrend, 1st dv. Math treatment Converted Spectrum Database 1,400~2,400 nm.
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Table 1. Statistical value on moisture, pH, Lactic acid and ADF, NDF, crude protein for
Italian ryegrass silages

N Minimum Maximum Szirilgggi Average
Moisture (%) 240 27.62 79.59 9.77 57.19
Ash (%) 240 4.39 14.57 1.87 8.15
NDF (%) 240 50.91 74.24 491 61.07
ADF (%) 240 33.18 48.17 3.20 39.54
Crude protein (%) 240 4.60 19.46 3.85 10.92
pH 241 3.80 8.66 1.24 5.00
Lactic acid (%) 231 0.08 2.43 0.66 1.20
TDN (%) 241 51.38 88.90 3.19 58.23
RFV 240 64.37 115.21 10.68 89.35
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Table 2. Comparison of equation statistics for the prediction of moisture, ash, NDF, ADF,
crude protein, pH and lactic acid, TDN, RFV for Italian ryegrass silages

n Mean SEC R’ SECV R’
Moisture (%) 230 57.193 1.223 0.984 1.612 0.973
Ash (%) 211 7.941 0.698 0.767 1.163 0.424
NDF (%) 233 60.990 1.987 0.835 2.453 0.732
ADF (%) 234 39.472 1.157 0.866 1.699 0.724
Crude protein (%) 230 10.785 1.144 0.907 1.506 0.840
pH 230 4.895 0.499 0.808 0.634 0.699
Lactic acid (%) 225 1.184 0.209 0.896 0.287 0.803
TDN (%) 234 58.151 0.901 0.866 1.323 0.724
RFV 235 89.337 4291 0.834 5.641 0.708

* SEC : Standard error of calibration,
#x R? . Coefficient of determination of calibration
*** SECV : Standard error of cross validation.
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Fig. 6. Calibration Plot for moisture, ADF, crude protein and TDN for Italian ryegrass
silages.

Table 3. Validation result between Master NIR calibration and cross validation vs Host NIR
statistics for moisture, crude protein, NDF, ADF, ash, pH, lactic acid, TDN, RFV
and error between two instruments of Italian rye grass silages

Master NIRs (650~2,500 nm) Host NIRs (1,400~2,400 nm)

! SEC R’ SECV SEC R’ SECV
Moisture (%) 224 0,778 0.993 1.316 1.223 0.984 1.612
Crude Protein (%) 219 0.834 0.950 1.163 1.144 0.907 1.506
NDF (%) 234 1.416 0.916 2.453 1.987 0.835 2.453
ADF (%) 230 0.987 0.905 1.531 1.157 0.866 1.699
Ash (%) 223 0.669 0.822 1.120 0.698 0.767 1.163
pH 224 0.444 0.850 0.601 0.499 0.808 0.634
Lactic acid (%) 226 0.187 0.918 0.278 0.209 0.896 0.287
TDN (%) 221 0.757 0.898 1.222 0.901 0.866 1.323
RFV 235 3.730 0.878 5.332 4.291 0.834 5.641

* SEC : Standard error of calibration, #* R? . Coefficient of determination of calibration

**% SECV

Standard error of cross validation.
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