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Fig. 1. The NIR6500 spectroscopy with transport module.
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The near-infrared spectra with different pathlength for raw milk.
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Fig. 3. The near-infrared spectra with 1 mm pathlength for raw milk and water.
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Fig. 4. The near-infrared spectra Wlth I mm pathlength for all quarter milk samples.
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Fig. 5. The near-infrared first derivate spectra with 1 mm pathlength for all quarter milk
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Fig. 7. The histogram of the fat content distribution in raw milk.
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Table. 1. The statistics data of the fat content in raw milk for the calibration set and prediction set

Constituent Fat ( % )

Calibration Set Prediction Set
Range 0.29-5.68 0.54-3.21
No. 119 36
Mean 2.003 1.634
S.D. 1.244 0.595

%2 SEREEEE (MLR) B3 757 £ B SHDT 80K Bt i
Table. 2. The statistic data of the fat content (%) in raw milk to NIR spectra under multiple linear

regression
Spectral correction Mathematical SEC R’ Terms
processing
0.4.4.1 0.0706 0.9966 8
0.7.7.1 0.0604 0.9970 8
0.10.10.1 0.0599 0.9978 9
0.12.12.1 0.0617 0.9974 7
1.4.4.1 0.0613 0.9976 9
None 1.7.7.1 0.0611 0.9977 8
1.10.10.1 0.0741 0.9966 7
1.12.12. 1 0.0599 0.9977 8
2.4.4.1 0.0782 0.9962 9
2.7.7.1 0.0665 0.9972 7
2.10.10. 1 0.0832 0.9956 8
2.12.12. 1 0.0697 0.9966 7
0.4.4.1 0.0684 0.9970 7
0.7.7.1 0.0667 0.9971 6
0.10.10.1 0.0672 0.9972 6
0.12.12.1 0.0646 0.9974 9
SNV 1.4.4. 1% 0.0529 0.9982 6
+ 1.7.7.1 0.0628 0.9975 5
Detrend 1.10.10.1 0.0548 0.9981 8
1.12.12. 1 0.0540 0.9981 7
2.4.4.1 0.0711 0.9968 7
2.7.7.1 0.0632 0.9975 9
2.10.10. 1 0.0639 0.9974 7
2.12.12. 1 0.0541 0.9982 9

¢ Best condition.
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Table 3. The statistic data of the fat content (% ) in raw milk to NIR spectra under modified partial least

square
Spectral correction Mathematical SEC R’ Terms
processing
0.4.4.1 0.0774 0.9961 9
0.7.7.1 0.0847 0.9954 9
0.10.10.1 0.0850 0.9953 9
0.12.12.1 0.0782 0.9960 9
1.4.4.1 0.0507 0.9983 9
None 1.7.7.1 0.0514 0.9983 9
1.10.10.1 0.0528 0.9982 9
1.12.12.1 0.0538 0.9981 9
2.4.4.1 0.0572 0.9979 9
2.7.7.1 0.0591 0.9978 9
2.10.10.1 0.0541 0.9982 9
2.12.12. 1 0.0565 0.9979 9
0.4.4.1 0.0651 0.9973 9
0.7.7.1 0.0701 0.9968 9
0.10.10.1 0.0618 0.9971 9
0.12.12.1 0.0644 0.9968 9
SNV 1.4.4.1 0.0627 0.9974 9
+ 1.7.7. 1% 0.0496 0.9984 9
Detrend 1.10.10.1 0.0537 0.9978 9
1.12.12.1 0.0566 0.9975 9
2.4.4. 1 0.0608 0.9977 9
2.7.7.1 0.0632 0.9974 9
2.10.10.1 0.0577 0.9973 9
2.12.12.1 0.0547 0.9977 9

¥ Best condition.

Fo A PN B RIS S AT 2
Table. 4. The statistic of the fat content in raw milk at the best calibration equation for calibration sets

under multiple linear regression and modified partial least square

Constituent Calibration Sets
Regression method MLR MPLS
Spectral correction SNV-+Detrend SNV-+Detrend

Mathematical processing 1.4.4.1 1.7.7.1
Range 0.29-5.68 0.29-5.68
N 112 113
Mean 2.0000 1.9990
SD 1.2491 1.2421
SEC 0.0529 0.0496
R’ 0.9982 0.9984
Term 6 9

RPD 21.84 17.77
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Table 5. The statistic of the fat content in raw milk at the best calibration equation for prediction sets under
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multiple linear regression and modified partial least square

y?%

Prediction Sets

Regression method MLR MPLS
Spectral correction SNV+Detrend SNV+Detrend
Mathematical processing 1.4.4.1 1.7.7.1
Range 0.54-3.21 0.54-3.21
N 36 36
Mean 1.634 1.634
SD 0.595 0.595
SEP 0.049 0.060
RSQ 0.993 0.991
Bias 0.001 0.021
RPD 12.14 9.92
Residual (Concentration)
0.163
0.089
2 ) :
< .
a . " *
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Fig. 8. The residual distribution of the fat content in raw milk for prediction set under multiple

linear regression.
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Fig 9. The prediction results of the best calibration for prediction set under multiple linear
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Fig. 10. The residual distribution of the fat content in raw milk for prediction set under
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modified partial least square.
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Fig. 11. The prediction results of the best calibration for prediction set under modified partial

least square.
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Abstract

A near-infrared spectral calibration equation developed from various spectral corrections,
mathematical processing, and statistical regression has been proposed as a guidline for rapidly and
accurately detecting the content of fat in raw milk. Near infrared of a wavelength ranging from 400 to 2500
nm was used to measure the content of fat in quarter foremilk collected from dairy cows. A calibration
equation derived with multiple-linear regression resulted in a standard error calibration of 0.0529 (SEC), a
decision coefficient of 0.9982 (R?) and a standard error prediction of 0.049 (SEP). A calibration equation
derived with modified partial least squares regression resulted in a standard error calibration of 0.0496
(SEC) , a decision coefficient of 0.09984 (R?) and a standard error prediction of 0.060 (SEP). Application
of appropriate spectral corrections and mathematical methods can reduce standard error calibration SEC
and promote the decision coefficient R? significantly. Thus, a promising calibration equation was developed

and its performance was validated using expertise inspection results.

Key words: Near infrared, Raw milk, Fat content.
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