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Spectroscopy (NIRS) Calibrations for the Prediction of Chemical
Composition and Fermentation Parameters in Corn Silage
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ABSTRACT

This study was conducted to determine the effect of mathematical transformation on near infr

ared spectroscopy (NIRS)

calibrations for the prediction of chemical composition and fermentation parameters in corn silage. Corn silage samples (n=407)
were collected from cattle farms and feed companies in Korea between 2014 and 2015. Samples of silage were scanned at 1 nm
intervals over the wavelength range of 680~2,500 nm. The optical data were recorded as log 1/Reflectance (log 1/R) and scanned
in intact fresh condition. The spectral data were regressed against a range of chemical parameters using partial least squares
(PLS) multivariate analysis in conjunction with several spectral math treatments to reduce the effect of extraneous noise. The
optimum calibrations were selected based on the highest coefficients of determination in cross validation (R%,) and the lowest

standard error of cross validation (SECV). Results of this study revealed that the NIRS method could be
constituents accurately (correlation coefficient of cross validation, R%,, ranging from 0.77 to 0.91). The be

used to predict chemical
st mathematical treatment

for moisture and crude protein (CP) was first-order derivatives (1, 16, 16, and 1, 4, 4), whereas the best mathematical treatment

for neutral detergent fiber (NDF) and acid detergent fiber (ADF) was 2, 16, 16. The calibration models fo

r fermentation parameters

had lower predictive accuracy than chemical constituents. However, pH and lactic acids were predicted with considerable accuracy
(R%y 0.74 to 0.77). The best mathematical treatment for them was 1, 8, 8 and 2, 16, 16, respectively. Results of this experiment
demonstrate that it is possible to use NIRS method to predict the chemical composition and fermentation quality of fresh corn

silages as a routine analysis method for feeding value evaluation to give advice to farmers.
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Fig. 1. NIR original spectrum as log 1/R (a) and as a first derivative (b) for fresh corn silages.

Table 1. The range in chemical composition and fermentation parameters of the 407 corn silages

2500

Constituent n Mean Min. Max. S.D.
Chemical composition
Moisture (%) 407 70.07 34.42 88.62 7.51
Acid detergent fiber (%, DM) 403 30.44 13.60 59.53 5.79
Neutral detergent fiber (%, DM) 403 47.77 24.35 71.94 7.47
Crude protein (%, DM) 344 8.53 4.49 12.90 1.38
Fermentation parameters
pH (1:5) 363 3.98 3.39 8.24 0.62
Acetic acid (%, DM) 356 2.13 0.22 5.16 1.74
Butyric acid (%, DM) 111 1.02 0.06 3.17 0.98
Lactic acid (%, DM) 356 5.94 0.53 12.93 2.10
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Table 2. Mathematical treatments and statistical indicators of the calibrations developed for the chemical composition

parameters predicted

) Math Calibration Validation
Constituents treatment Factors SEC R SECV? RE.¢
1,44 9 297 1.59 0.92 1.87 0.90
1,88 9 295 1.65 091 1.88 0.90
Moisture (%) 1,16,16 8 291 1.56 0.92 1.68 091
2,44 5 296 1.94 0.86 2.20 0.83
2,88 8 301 1.88 0.88 2.14 0.86
2,16,16 8 305 1.76 0.90 1.96 0.88
1,44 9 309 2.57 0.83 2.98 0.78
1,8,8 10 302 2.41 0.86 2.77 0.83
Neutral detergent fiber (%, DM) 1,16,16 9 292 2.50 0.85 2.73 0.83
2,44 10 365 297 0.81 446 0.60
2,8,8 9 319 2.58 0.85 3.03 0.78
2,16,16 10 294 222 0.88 2.52 0.86
1,44 9 311 1.98 0.82 2.25 0.78
1,88 10 304 1.90 0.83 2.14 0.80
Acid detergent fiber (%, DM) 1,16,16 9 291 1.95 0.82 2.12 0.81
2,44 10 380 2.50 0.77 3.79 0.49
2,8,8 9 312 1.98 0.81 2.36 0.74
2,16,16 10 299 1.81 0.85 2.03 0.83
1,44 4 231 0.49 0.87 0.51 0.77
1,8,8 12 280 0.54 0.82 0.67 0.73
Crude protein (%, DM) 1,16,16 13 262 0.49 0.81 0.59 0.75
2,44 5 257 0.56 0.72 0.63 0.65
2,8,8 4 238 0.52 0.75 0.54 0.67
2,16,16 12 287 0.55 0.79 0.69 0.68

*SEC: standard error of calibration, ® SECV:

standard error of cross validation, ° R%,: coefficient of determination of cross validation.
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Fig. 2. Relationships between laboratory determined and NIRS predicted moisture, NDF, ADF and CP values of
corn silages.
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Table 3. Mathematical treatments and statistical indicators of the calibrations developed for the fermentation
parameters predicted

Constituents Math Factors Calibration ; V;;ilidation ;
treatment n SEC* R SECV RS
1,44 14 319 0.10 0.81 0.14 0.62
1,8,8 17 309 0.09 0.86 0.12 0.77
pH (1:5) 1,16,16 17 298 0.09 0.85 0.12 0.72
2,44 6 297 0.11 0.66 0.13 0.47
2,8,8 10 291 0.09 0.75 0.11 0.58
2,16,16 11 288 0.10 0.79 0.13 0.60
1,44 12 296 0.83 0.77 1.08 0.60
1,8,8 16 305 0.79 0.79 1.06 0.63
. e 1,16,16 18 298 0.79 0.81 1.03 0.66
Lactic acid (%, DM) 244 4 278 099 049 112 0.29
2,88 12 315 0.85 0.80 1.10 0.65
2,16,16 9 276 0.74 0.78 0.81 0.74
1,44 2 260 0.54 0.10 0.54 0.06
1,88 16 312 0.56 0.74 0.73 0.55
. e 1,16,16 17 298 0.56 0.73 0.67 0.59
Acetic acid (%, DM) 2,44 1 251 0.53 0.05 0.54 0.00
2,8,8 11 284 0.46 0.62 0.61 0.32
2,16,16 18 308 0.54 0.78 0.71 0.68
1,44 7 88 0.36 0.82 0.46 0.68
1,8,8 7 83 0.33 0.82 0.40 0.70
. 1o 1,16,16 7 84 0.36 0.79 0.40 0.71
Butyric acid (%, DM) 2,44 6 106 0.44 0.79 0.70 041
2,8,8 5 87 0.39 0.73 0.47 0.45
2,16,16 6 85 0.37 0.76 0.44 0.58
3SEC: standard error of calibration, ® SECV: standard error of cross validation, ¢ R%,: coefficient of determination of cross validation.
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Fig. 3. Relationships between laboratory determined and NIRS predicted pH, lactic, acetic and butyric acids of
corn silages.
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