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A Study on Estimating Daily Yield from Morning or Afternoon

Milking Records with Unequal Milking Intervals
Y. M. Cho, B. H. Park and B. S. Ahn

National Livestock Research Institute, R.D.A.

ABSTRACT

This study was conducted to evaluate the adequacy of an alternative a.m. - p.m. testing scheme for milk
yield in comparison with the official test method based on weighing two milkings within 24 h. A total of
8,309 p.m. milking weights and 6,767 a.m. milking weights from 72 Holstein cows raised at N.L.R.l. were
collected between October 2000 and November 2001. Seven statistical models were fitted to the data to de-
rive formulas for estimating daily milk yields from morning or evening yields. In general, use of evening
milkings less accurately estimated than did use morning milkings. Although the models do not differ much
in the correlations between estimated and true daily milk yields, systematic under- and overestimation of dai-
ly milk yields were observed in all models with the exception of model 7, which accounted for heteroge-
neous variances by parity class, milking interval class, and lactation stage by fitting separate regression for-

mulas within each combination of three factors.
(Key words : Daily milk yield, a.m. p.m. Milking interval)
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Table 1. Descriptions of first(in the first row) and later(in the second row) parity data from the

alternate milking testing schemes

<125 h? 125~13.0 h 13.0~135 h >135 h
Item” > 115 h? 11.0~115 h 10.5~11.0 h <105 h
n o n o n o n o
AM No. records 1,248 958 1,395 264
979 834 898 191
Milk (kg) 111 10.9 11.9 14.6 11.3 14.5 11.8 13.7
12.0 20.4 12.4 17.2 12.2 19.8 12,5 18.9
PM No. records 244 1,675 1,281 1,521
158 1,127 1,103 1,200
Milk (kg) 9.3 9.9 9.4 11.2 10.9 12.2 10.9 11.6
9.6 12.4 10.2 13.9 11.1 13.8 11.7 19.2
DMY  No. records 4,721
3,588
n o’
Milk (kg) 21.8 49.5
23.3 67.9

AM a.m. milking, PM =p.m. mllklng, DMY = daily mllklng
Length of preceding milking interval in hours for mornlng milking.
¥ Length of preceding milking interval in hours for evening milking.
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Table 2. Correlations among morning, eve-
ning and daily milking records by

parity
Parity  AM-PMY  AM-DMY PM-DMY
First 0.914 0.980 0.977
Later 0.936 0.985 0.982
Pooled 0.926 0.983 0.980
YAM=am. milking, PM=pm. milking, DMY =
daily milking.
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Table 3. Estimates of regression coefficients and their standard errors from Model 1 for esti-
mating daily milk yields with morning or evening milkingl)

Milking interval class (MIC)

ltem?  Estimates” )
<125 h 125~13.0 h 13.0~135 h >135 h
AM b} 1.9610+0.0020  1.9023+0.0023  1.8235+0.0017  1.7922 +0.0043
R? 0.9976 0.9974 0.9980 0.9974
MSE 1.1596 1.2407 0.9555 1.1583
>115 h” 11.0~115 h 105~11.0 h <105 h
PM bl 2.0275+0.0022  2.1090+0.0025  2.2004+0.0023  2.2549 +0.0058
R? 0.9967 0.9967 0.9969 0.9974
MSE 1.1592 1.2688 1.4056 1.3790

Y Direct daily milk yield was used as dependent variable.

2 AM = am. milking, PM = p.m. milking.

¥ Each regression coefficient and statistic was derived by fitting a separate regression line within each MIC.
)Length of preceding milking interval in hours for morning milking.

)Length of preceding milking interval in hours for evening milking.

Table 4. Means and their standard deviations Table 5. Estimates of regression coefficients

of differences between true and es- and their standard errors from single
timated daily milk yields from Model 2 regression model(3, 4) for estimating
1) - daily milk yields with morning or eve-
Item Mean SD Min Max ning milking
Dev(AM) -1.3142 15228 -10.1000 17.5000
1) . 2) 3)
Dev(PM) +1.3142 15228 - 17.500010.1000 Item~ Estimates™  Model 3 Model 4
Y Dev(AM) = True daily milk yields minus estimated AM 50 0.3947 £0.0480 19.9135+0.3613
daily milk yields from a.m. milking, .
Dev(PM) = True daily milk yields minus estimated b, 1.8561+0.0038 1.8611 +0.0034
daily milk yields from p.m. milking. R
b, - ~1.5271+0.0280
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Table 6. Estimates of regression coefficients and their standard errors from Model 5 for estimating
daily milk yields with morning or evening milking

Milking interval class (MIC)

Item”  Estimates?

<125 h? 125~130 h 13.0~135 h >135 h
AM bl 0.3594 +0.0760  0.5124+0.0934  0.2057 +0.0625  0.0606 + 0.1734
b 1.9329+0.0063  1.8642+0.0073  1.8078+0.0051  1.7877 +0.0136
R2 0.9772 0.9733 0.9824 0.9743
MSE 11541 1.2307 0.9934 1.1594
=115 h? 11.0~115 h 105~11.0 h <105 h
PM bl 0.9034 +0.0788  0.9054+0.0909  0.9123+0.0679  0.8092 + 0.1707
b 1.9556 +0.0066 ~ 2.0346+0.0079  2.1174+0.0066  2.1784+0.0171
R2 0.9696 0.9657 0.9737 0.9760
MSE 1.3471 1.3775 1.2299 1.1293

Y AM = am. milking, PM = p.m. milking.

2 Each regression coefficient and statistic was derived by fitting a separate regression line within each MIC.
9 Length of preceding milking interval in hours for morning milking.
9 Length of preceding milking interval in hours for evening milking.
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Table 7. Estimates of regression coefficients and their standard errors from Model 6(modified
Delorenzo and Wiggan's model) for estimating daily milk yields with morning or evening

milking
Milking interval class (MIC)
Item”  Estimates” ;
<125 h? 125~13.0 h 13.0~135 h =135 h
AM bl 0.7353+£0.1117  1.1533+0.1323  0.45940.0777 - 0.0258 +0.2196
b 19115+0.0078  1.8236+0.0094 17957 +0.0055  1.7915 +0.0149
bl! ~0.0006 +0.0001 - 0.0010 +0.0001 - 0.0005+0.0001  0.0002 + 0.0003
R2 0.9774 0.9740 0.9826 0.9744
MSE 1.1490 1.2156 0.9873 1.1602
>115 h? 11.0~115 h 105~11.0 h <105 h
PM bl 14738+0.1151  1.4477+0.1286 0.9013+0.0862  1.0715%0.2123
b!! 1.9221+0.0082  1.9960+0.0102 2.1180+0.0073  2.1644+0.0183
bl! ~0.0009 +0.0001 - 0.0008 +0.0001 0.0000 +0.0001 - 0.0006 + 0.0003
R2 0.9701 0.9662 0.9737 0.9762
MSE 1.3362 1.3678 1.2301 1.1248

Y AM =am. milking, PM = p.m. milking.

% Each regression coefficient and statistic was derived by fitting a separate regression line within each MIC.
9 Length of preceding milking interval in hours for morning milking.
K Length of preceding milking interval in hours for evening milking.
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Table 8. Estimates of regression coefficients and their standard errors from Model 7 for estimating
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daily milk yields with morning milking(AM)

Estimates”

Lactation . Milking interval

Stage” Parity class (MIC)? i ffik] R? MSE
First First <12.5h 1.1177 £0.6324 1.8930 +£0.0487  0.9680 1.0979
125~13.0 h 22489 +1.2663 1.7769+0.0916  0.8685 2.0855
13.0~135 h 11432 £1.6346 19492 +£0.1173  0.9583 0.9235

=135 h N/AY
Later <125 h 0.0063 +1.8728 19401 +0.1415  0.9691 0.9021
125~13.0 h 23670+ 1.1449 1.7293+0.0824  0.9263 1.3193
13.0~135 h 14911 +1.5685 1.7502 +£0.0873  0.9549 1.2990

=135 h N/A
Second First <125 h 0.9496 +0.7821 1.9184+0.0559  0.8858 1.6679
125~13.0 h 2.1644 +0.4424 17796 +£0.0291  0.9380 1.3732
13.0~135 h 1.1652 +0.6083 1.1539 +£0.4629  0.9621 1.2281
> 135 h 42960 +3.9497 15114+0.2172  0.8897 1.8773
Later <125 h 0.0088 £0.9405 1.9558 £0.0528  0.9561 1.1011
125~13.0 h 4.0063 +0.8497 1.6681 +0.0497  0.8951 1.3646
13.0~135 h 9.1259 +1.3452  1.3389+0.0763  0.8462 1.6285

> 135 h N/A
Third First <125 h 1.1096 £0.3448 1.8751+£0.0252  0.9563 0.8973
125~13.0 h 15976 £0.4540 1.7742+£0.0341  0.9135 1.3190
13.0~135 h 1.1960 £ 0.3404 1.7291+0.0261 0.9178 1.1186
> 135 h 27746 +1.2204 15836 +0.0909 0.8169 1.2890
Later <125 h 15191 +0.3848 1.8655+0.0251  0.9262 1.7235
125~13.0 h 1.3944 £ 0.4022 1.8081+£0.0265 0.9484 1.2680
13.0~135 h 0.6174+0.2014 1.7802+0.0128  0.9817 0.9250
=135 h 0.4987 +0.4315 1.8185+0.0266  0.9845 0.8759
Fourth First <125 h 17299 +0.4836  1.8090 £0.0397  0.9466 0.7470
125~13.0 h 0.7309 +£0.6851 1.8456 +0.0570  0.9713 0.7576
13.0~135 h 0.6735+0.3184 1.7565%0.0314  0.9556 0.6555
=135 h 1.0598 +£0.7908 1.7020 £0.0688  0.9593 0.9424
Later <125 h 24094 +0.8476 1.7222+0.0715 0.9634 1.0543
125~13.0 h 1.1363+0.3664 1.7609 £0.0310 0.9711 1.0071
13.0~135 h 0.0602 +0.3182 1.8108 +0.0330  0.9738 0.5021
> 135 h 3.3214 +2.6661 14521 +0.2669  0.6352 1.5016
Later First <125 h 0.2693+0.0991 1.9324+0.0102 0.9818 0.7609
125~13.0 h 0.3211+0.1615 1.8813+0.0174  0.9705 1.0044
13.0~135 h 0.1515+0.0871 1.8054 +0.0078  0.9860 0.9227
> 135 h 0.3112+0.2914 1.8367 +£0.0252  0.9718 1.2613
Later <125 h 0.8635+0.1574 1.8588 £0.0187  0.9576 0.8370
125~13.0 h 0.6368 +£0.1903  1.8226 +0.0214  0.9591 0.7303
13.0~135 h 0.9653+0.1885 1.7116 +0.0210 0.9472 0.7268
> 135 h 1.6718 +0.4186 1.5958 + 0.0430  0.9412 0.7760

Y Days in milk were divided into first(0~23d), second(~77d), third(~315d), fourth(~365d) and later(365d<) lacta-

tion stage.

2 parity was divided into first (1) and later (1<) stage.

9 Length of preceding milking interval in hours for morning milking.

% Each regression coefficient and statistic was derived by fitting a separate regression line within each combina-
tion of parity, MIC and lactations stage.
% As few records were available in this class, the estimates were not acceptable.
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Table 9. Estimates of regression coefficients and their standard errors from Model 7 for estimating
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daily milk yields with evening milking(PM)

Lactation 5 Milking interval Estimates”
Stage” anty class (MIC)? B i R? MSE
First First <10.5h N/AY
105~11.0 h 1.9800 +2.2407 2.2807 +£0.1915  0.9044 1.6314
11.0~115 h 0.6146+0.8127 2.0237+0.0640  0.9215 1.4338
=115 h 5.5483 +£1.0050 1.5438+0.0739  0.8669 2.4148
Later <10.5h 14472 £2.7690 2.3437+£0.1795 0.9771 0.9745
105~11.0 h 1.7584 +1.2727 2.0632+£0.0863  0.9501 1.2842
11.0~115 h 1.6749+0.7460 1.9880 +0.0594  0.9573 1.0008
=115 h 3.0077 £2.2248 1.7675+0.1682  0.8666 1.9589
Second First <10.5h 43924 +6.4711 1.9832+0.4688  0.7489 2.6093
105~11.0 h 1.2149 £ 0.6147 2.0420 £ 0.0455  0.9428 1.5425
11.0~115 h 2.8693 £0.4523 1.8820+0.0322  0.9119 1.7432
=115 h 5.0508 +0.5832 1.6461+0.0410  0.8979 1.6181
Later <10.5h N/A
105~11.0 h 3.4575+1.4489 19121+0.0958  0.7977 2.0881
11.0~115h 3.3531+0.9510 1.8876+0.0626  0.8278 1.7761
> 115 h 3.5993+0.8124 1.8412+0.0475 0.9476 1.1681
Third First <10.5h 4.2333+0.8230 1.8487+0.0774  0.8992 1.1245
105~11.0 h 3.2752+£0.3257 1.9109+0.0304  0.8960 1.3376
11.0~115h 2.1241+0.3635 1.9473+0.0308  0.9134 1.3143
=115 h 1.3491 £ 0.2997  1.9440+0.0228  0.9568 0.9128
Later <10.5h 0.4341+0.9885 2.1914+0.1109  0.9467 0.8709
105~11.0 h 0.8810+0.2236  2.1508 +0.0175  0.9725 1.1245
11.0~115h 1.4004 +0.3884 2.0205+0.0288  0.9379 1.3988
=115 h 2.5933+0.3463 1.8578+0.0233  0.9224 1.7319
Fourth First <10.5h 1.0797 £0.6942 2.1858 £0.0556  0.9621 1.3310
105~11.0 h 0.9014+0.3885 2.1021+0.0467  0.9227 0.9115
11.0~115 h 1.4182+0.7056 1.9783+0.0662  0.9520 0.9015
=115 h 1.1935+0.5218 1.9436 +£0.0446  0.9368 0.8071
Later <10.5h 2.3515+0.7099 1.9596 +0.0980  0.9662 0.4522
105~11.0 h 2.0935+0.6829 1.9740+0.0867  0.8356 1.2318
11.0~115 h 0.0648+0.3875 2.1618+0.0383  0.9628 1.1805
=115 h 0.0426 +0.8928 2.0575+0.0812  0.9497 1.1543
Later First <10.5h 0.8905+0.2344 2.1607 £0.0254  0.9808 1.0590
105~11.0 h 0.5634 £0.0891 2.1544+0.0097  0.9821 1.0512
11.0~115 h 1.0702 £0.1647 1.9721+0.0195 0.9595 1.1272
=115 h 0.7191+0.1214 1.9565+0.0128  0.9665 1.0570
Later <10.5h 2.0880 £0.5520 1.9789+0.0766  0.9088 0.7499
105~11.0 h 1.1385+0.2131 2.0716£0.0285  0.9205 0.9696
11.0~115h 0.5919+0.1975 2.0578+0.0248  0.9444 0.9402
> 115 h 0.5100+0.1427 1.9805+0.0175  0.9611 0.8421

b Days in milk were divided into first(0~23d), second(~77d), third(~315d), fourth(~365d) and later(365d<) lacta-

tion stage.

2 Parity was divided into first(1) and later(1<) stage.

¥ Length of preceding milking interval in hours for evening milking.

“ Each regression coefficient and statistic was derived by fitting a separate regression line within each combina-
tion of parity, MIC and lactations stage.
% As few records were available in this class, the estimates were not acceptable.
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Fig. 2. Averaged error in estimated daily milk yield from evening milking(PM).
Table 10. Correlations between true and estimated daily milk yields, mean squared error and standard
deviations of daily yield estimates from morning or evening milking

Model AM PM

YasTas O MSE YasTas 99, MSE
1 98.687 7.6187% 1.2343 98.514 7.7796 1.3369
2 98.276 8.0631 1.5228 97.980 7.4548 1.5228
3 98.276 7.4828 1.4080 97.980 7.4603 1.5228
4 98.876 7.4824 1.1316 98.493 7.4994 1.3167
5 98.891 7.4836 1.1238 98.515 7.5011 1.3073
6 98.907 7.4848 1.1155 98.531 7.5023 1.3003
7 98.968 7.4894 1.0843 98.650 7.5114 1.2468

Y Correlations multiplied by 100.

2 Standard deviations of daily milk yield estimates that are greater than those of true daily milk yield are

underlined.
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Table 11. Accuracy of the alternate a.m - p.m. milk testing scheme for estimating daily milk yields

Item” AM PM

Model First parity = Later parity All parity First parity  Later parity All parity
1 0.96970 0.97857 0.97440 0.96486 0.97476 0.97009
2 0.95617 0.96623 0.96154 0.95617 0.96623 0.96154
3 0.96147 0.97167 0.96694 0.95615 0.96624 0.96154
4 0.97595 0.98037 0.97839 0.96639 0.97513 0.97096
5 0.96987 0.97880 0.97461 0.96707 0.97524 0.97136
6 0.97595 0.98097 0.97873 0.96739 0.97564 0.97166
7 0.97685 0.98238 0.97988 0.97039 0.97681 0.97389

Y AM =am. milking, PM = p.m. milking.
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