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Precision and Accuracy of Calibration Models to Assess Milk Quality during Milking

Masataka KAWASAKI* , Shuso KAWAMURA* , Hiroki NAKATSUJI* , Motoyasu NATSUGA*

We previously showed in part that a near-infrared spectroscopic sensing system constructed on

an experimental basis can be used to assess milk quality in the laboratory. In this study, we

developed calibration models for predicting three major milk constituents (fat, protein and lactose)

during milking by the sensing system and validated the precision and accuracy of the models.

Coe cient of determination (r ) and standard error of prediction (SEP) of the validation set for fat

were . and . , respectively. The values of r and SEP for protein were . and . ,

respectively, and the values of r and SEP for lactose were . and . , respectively. These

results indicate that the sensing system can be used to assess milk quality in real-time during

milking. From the data of milk constituents measured by the sensing system and milk flow rate

during milking, we calculated milk constituents of whole one milking. The calculated values of

milk constituents well agreed with the reference values.

* * * *

Near-Infrared Spectroscopy for Online Real-Time Monitoring of

Milk Quality during Milking (Part )
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Fig. Online near-infrared spectroscopic sensing system

Fig. Flow chart of the experiment
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Original near-infrared spectra of raw milk duringFig. The near-infrared spectrum sensor during milking
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Fig.
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n : SD : Standard deviation NF : PLS Number of factors

r : Coe cient of determination SEP : Standard error of prediction

SD SEP Bias
n NF n r RPD

Fat y x

Protein y x

Lactose y x

Bias :

RPD : SD SEP Ratio of SEP to SD, SD/SEP

Table Validation statistics of the near-infrared instrument for determination of three

major milk constituents during milking

Fig. Correlation between reference fat and NIR- Fig. Correlation between reference lactose and

predicted fat during milking NIR-predicted lactose during milking

Fig. Correlation between reference protein and

NIR-predicted protein during milking
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Fig. Changes in fat during milking Fig. Changes in protein during milking

Fig. Changes in lactose during milking
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���W�¶·����G¸/v:12hJ.
Qv2 ¹º»�¼½Z?@��oaF �5���

�
�

� �

� �

�

� �

�
�

� �� �������	
��

�
�
�

� � �

68

SEP Bias
n r

Fat y x

Protein y x

Lactose y x

Table Validation statistics of the near-infrared instrument for

determination of three major milk constituents at each

milking

Fig. Correlation between reference fat and NIR- Fig. Correlation between reference protein and

predicted fat at each milking NIR-predicted protein at each milking

Tsenkova

Tsenkova L

r SEP

Bias

.

kg min

.

Bias

. kg min

. +

,

,

,4.3 14++ ,2 *430 *4,2 *4,0 +4*- *4++
,41/ -423 ,2 *420 *4+, *4** +4*1 *4,-
.403 /4,/ ,2 *42/ *4*1 *4*/ +4** *4*-

1+ - ,**3

, +

,

++ + +, +

++ +,

+/ .

+ +

-

, ++ +-

+/ + * /

+/

* .

+/

. * -

+ +

+

�

�



� ����� � 	 
 ��� � 	 


� �

� �� ����������

�� �� �� � !"#�$%&'(��)���*+�� , -

.
.

/
.
/

. .
. .
0 /

. .

/
.

/ .
. .

/
/ .

.

/

1234����56789: ��)&;<(�=
�7>9��?��?@ �=��AB7CDEFD?
GHIJDKL(MNO?@4 PQ&����567
89: �� ����=�7R9��?STL(MN
O?@4

U8V >9����7WX&YZ[�\]O^_? `a�?bcd:9eLO 1234����56Y
f(NgheLO ���i&jkQl�\]7mn: ��o&p�7qrstPu CvwvxyvzF{7
9(�?3|}l 89:��o�p�~7q�&WX��N3:9eL

���� �@jZ[Yp���Vo&�@ �)&�
~OAB3:b�y�DED{N$x�Fwv�$�N
p���N���7q�&WXMNO?@e34 M�
'}j��&'� �@jZ[���Y��?@4N�
9eL 4�3 ����p������Y��?@e
ukO p�Y��o�?�&�B3:;� �PjZ
[���Y�<:9(N���eL 3l3�PjZ[
���Y�P9N���eL ����N3: 123
4����56789: ��)&;<(�=�7 6
¡¢N£¤�¥j��?��L(MNO¦§Njn4N
���eL

� � � �

� � � �

�	
����� ��������
���

� �

�

�

�

�

�

�

�

�
�

� � � 69

the rd CIGR Section VI International Symposium, Naples,

Ontsouka, C.E., Bruckmaier, R.M., Blum, J.W., . Fraction-

Furumura, K., . Fundamentals and application for dairy

cow management (in Japanese). Kashiwamura, F. Ed.,

(Revised edition in ). Daily Japan Co., Tokyo,

.

Itoh, K., , An instrument for continuous determination of

milk constituent contents. Japan Patent O ce, Patent

No. P A.

Kawasaki, M., Kawamura, S., Nakatsuji, H., Natsuga, M., .

Near-infrared spectroscopy for online real-time monitor-

ing of milk quality during milking (Part ). Journal of

JSAM, ( ), .

Kondo, S., . Behavior and herd management of dairy

cattle (in Japanese). Dairyman, Sapporo, .

Natsuga, M., Kawamura, S., Ito, K., . E ects of wave-

length range and light path-length on the accuracy of

the constituent analysis of unhomogenized milk using

near-infrared spectroscopy. Journal of JSAM, ( ),

.

ized milk composition during removal of colostrum and

mature milk, J. Dairy Sci., , .

Schmilovitch, Z., Katz, G., Pinski, N., Ho man, A., Egozi, H.,

Maltz, E., . Real time milk analyzer. Proceedings of

Italy, .

Tsenkova, R., Atanassova, S., Itoh, K., Ozaki, Y., Toyoda, K.,

. Near infrared spectroscopy for biomonitoring : cow

milk composition measurement in a spectral region from

, to , nanometers. J. Anim. Sci., , .

: :

Correlation between reference lactose and NIR-

:

Fig.

predicted lactose at each milking

References

V

-

,**-

,**0

,**0 +,2

+..

,**+

$

,**+ 3+./2

,**3

+

1+ , -3 ./

+332

+ 3*

,**, #

0. / 2-

22

20 ,**/ ,*++

#

,**1

+ 0

,***

+ +** , .** 12 /+/ ,,,

,**2 + ,. ,**3 1 -+

,

+- +

+-

+


