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Prediction on the Quality of Total Mixed Ration for Dairy Cows

by Near Infrared Reflectance Spectroscopy
Kwang Seok Ki, Sang Bum Kim, Hyun June Lee, Seung Hak Yang, Jae Sik Lee, Ze Lin Jin,

Hyeon Shup Kim, Joon Mo Jeo*, Jae Yeon Koo** and Jong Ku Cho***

ABSTRACT

The present study was conducted to develop a rapid and accurate method of evaluating chemical
composition of total mixed ration (TMR) for dairy cows using near infrared reflectance spectroscopy
(NIRS). A total of 253 TMR samples were collected from TMR manufacturers and dairy farms in Korea.
Prior to NIR analysis, TMR samples were dried at 65C for 48 hour and then ground to 2 mm size. The
samples were scanned at 2 nm interval over the wavelength range of 400-2500 nm on a FOSS-NIR
Systems Model 6500. The values obtained by NIR analysis and conventional chemical methods were
compared. Generally, the relationship between chemical analysis and NIR analysis was linear: R? and
standard error of calibration (SEC) were 0.701 (SEC 0.407), 0.965 (SEC 0.315), 0.796 (SEC 0.406), 0.889
(SEC 0.987), 0.894 (SEC 0.311), 0.933 (SEC 0.885) and 0.889 (SEC 1.490) for moisture, crude protein,
ether extract, crude fiber, crude ash, acid detergent fiber (ADF) and neutral detergent fiber (NDF),
respectively. In addition, the standard error of prediction (SEP) value was 0.371, 0.290, 0.321, 0.380, 0.960,
0.859 and 1.446 for moisture, crude protein, ether extract, crude fiber, crude ash, ADF and NDF,
respectively. The results of the present study showed that the NIR analysis for unknown TMR samples
would be relatively accurate. Use of the developed NIR calibration curve can obtain fast and reliable data
on chemical composition of TMR. Collection and analysis of more TMR samples will increase accuracy
and precision of NIR analysis to TMR.

(Key words : TMR, NIRS, Chemical composition)
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Table 1. Chemical composition of corrected TMR

Item Nlér:rz;rlCOf Minimum Maximum Mean S:Egg{i
........................... %

Moisture 160 6.0800 11.1200 8.0622 0.6876
C. Protein” 160 9.2100 19.0300 15.0444 1.3071
C. Fat” 160 0.3100 6.1900 3.4631 0.6959
C. Fiber” 160 103300 29.6300 18.2166 2.8588
C. Ash” 160 5.0000 10.8900 6.7283 0.7182
ADF” 160 15.6900 32.4800 22.1451 2.7181
NDF® 160 28.1900 54.0200 40.2863 3.6181
Y C. Protein : crude protein, 2 C. Fiber : crude fat, ® C. Fiber : crude fiber, ¥ C. Ash : crude ash,
%) NDF : neutral detergent fiber, ® ADF : acid detergent fiber.
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Fig. 1. Variation in the reflectance spectrum
of all 160 samples used in study.
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Table 2. NIRS calibration statistics for collected TMR

Ttem N‘g‘:r';;rle‘)f Mean SEC®  RSQRY)?  SECVY 1-VR?
Moisture 151 7.9920 0.4070 0.7014 0.6032 0.3436
C. Protein 157 15.01 03149 0.9645 0.5535 0.8910
C. Fat 155 3.4665 0.4063 0.7955 04712 0.7240
C. Fiber 148 17.5897 0.9874 0.8891 1.2035 0.8366
C. Ash 153 6.6985 03114 0.8940 0.5343 0.6910
ADF 156 22,0264 0.8847 0.9334 1.1867 0.8811
NDF 155 40,4872 1.4899 0.8890 1.9189 0.8174

% YSEC : Standard error of calibration, ” RSQ (r2, R) :

of cross validation, Y 1-VR : 1-Variation Ratio.

Coefficient of determination, » SECV : Standard error
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Table 3. Predicted value for chemical composition by NIRS

Item Slope RSQ (R%) SEP" SEP(C)” BIAS
Moisture 0.982 0.738 0.371 0.372 0.000
C. Protein 1.004 0.970 0.290 0.289 0.005
C. Ash 1.023 0.896 0.321 0.322 -0.007
C. Fat 1.000 0.828 0.380 0.381 -0.011
C. Fiber 1.000 0.894 0.960 0.964 0.000
ADF 1.000 0.937 0.859 0.862 0.000
NDF 1.000 0.895 1.446 1.451 0.000
% USEP : Standard Error of Prediction, > SEP(C) : Standard Error of Prediction Compensated.
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Table 4. Validation statistics for chemical composition by NIRS

Ttem Slope RSQ (R?) SEP SEP(C) BIAS

Moisture 1.393 0.644 0.472 0.474 0.068
C. Protein 0.929 0.861 0.467 0.466 —0.080
C. Fat 0.916 0.788 0.455 0.461 —0.005
C. Fiber 0.969 0.750 1.096 1.086 —0.229
C. Ash 0.880 0.675 0.517 0.514 0.095
ADF 0.934 0.719 1371 1.366 0.250
NDF 0.947 0.806 1.364 1.380 —0.077
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Table 5. Comparison between NIRS predicted values and Laboratory value

Item Minimum Maximum Mean 3;3?;?;?1 Max-min Nl;?mbze()f

NIRS 9.0208 19.0233 15.0774 1.2442 10.0025 157
C. Protein Laboratory 9.2100 19.0300 15.0444 1.3071 9.8200 160

NIR-Lab 0.0330  —0.0629 0.1825

NIRS 4.9577 10.6648 6.7131 0.6285 5.7071 155
C. Ash Laboratory 5.0000 10.8900 6.7283 0.7182 5.8900 160

NIR-Lab —0.0152 —0.0897 —0.1829

NIRS 0.4521 5.2206 3.4410 0.5845 4.7685 154
C. Fat Laboratory 0.3100 6.1900 3.4631 0.6959 5.8800 160

NIR-Lab —0.0221 —0.1114 —1.1115

NIRS 9.4276 252182 17.5878 2.1098 15.7906 149
C. Fiber = Laboratory 10.3300 29.6300 18.2166 2.8588 19.3000 160

NIR-Lab —0.6288 —0.7490 —3.5094

NIRS 6.2439 9.9247 7.9838 0.4972 3.6809 153
Moisture  Laboratory 6.0800 11.1200 8.0622 0.6876 5.0400 160

NIR-Lab -0.0784  —0.1904 —1.3591

NIRS 15.1163 33.2663 22.0371 2.5683 18.1500 156
ADF Laboratory 15.6900 32.4800 22.1451 2.7181 16.7900 160

NIR-Lab —0.1079 —0.1498 1.3600

NIRS 30.7703 53.3976 40.4958 3.3239 22.6273 153
NDF Laboratory 28.1900 54.0200 40.2863 3.6181 25.8300 160

NIR-Lab 0.2095 —0.2942 —3.2027
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