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Introduction: In dairy cows, milk yield changes over the lactation period. Lactation curve modelling could be
of importance from nutritional management and genetic selection point of view. The trajectory shape of the
lactation curve has inclining and declining slopes which determine total amount of milk yield during the lactation.
A great number of linear and nonlinear mathematical models have been so far utilized to describe the shape of the
lactation curve in dairy cows. Among the models, mechanistic functions are considered to be more accurate than
empirical models in terms of taking account of biological mechanisms undertaken in mammary gland to produce
milk. To our knowledge, no research has been carried out to use a complex mechanistic model for describing the
lactation curve of Iranian dairy cows. Based on this, the present research aimed to apply a five-parameter nonlinear
mechanistic model for mathematical description of the shape of the lactation curve in Iranian first-parity dairy
COWS.

Materials and methods: Animal Breeding Centre of Iran provided the data used in this research. Initial data in
separate files were merged and edited by the SPSS software. Final data comprised 5596039 milk test day records
from 821153 first-parity cows distributed in 579 herds of 26 provinces over the country. The cows were the
progeny of 7957 sires and 530394 dams and calved between 1996 and 2020. The cows were categorized into two
groups based on the age of first calving: <=25 or >25 months. Also, two groups of cows were created based on
the proportion of Holstein gene inheritance: <100% (grade cows) or 100% (pure Holstein cows). A five-parameter
nonlinear mechanistic model was applied to mathematically describe the shape of the lactation curve. The fitted
mechanistic model had five parameters including MSmax (maximum milk secretion potential of the lactation),
GR (relative proliferation rate of secretory cell number during early lactation), MSLmax (maximum secretion
loss), NOD (proportion of parenchyma cell dead at parturition), and DR (relative decline rate in cell number)
which their estimates were obtained for different seasons and ages of calving, as well as different genotypes (grade
and pure Holstein) using NLIN procedure of the SAS software. Based on the estimated parameters of the model
in each year of calving, phenotypic trends were calculated using the SPSS software.

Results and discussion: The results indicated that Iranian first-parity dairy cows reach to peak of milk production
during the third month of the lactation curve. Based on standard deviation as well as coefficient of variation (CV)
of milk test day milk records, maximum variation was observed in the last month of the lactation period. The
findings also indicated that cows calved in autumn had the greatest MSmax and GR while cows calved in spring
and summer had the lowest magnitude for these parameters (P<0.05). The minimum magnitude of MSLmax and
NOD were detected for the cows calved in summer (P<0.05). Regarding the DR parameter of the model, cows
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calved in spring were observed to have a minimum value. Maximum MSmax, Gr, and DR values were determined
for cows calving up to 25 months of age, while maximum MSLmax and NOD values were observed for cows of
later ages (P<0.05). Compared to pure Holstein cows, grade cows had higher MSLmax and NOD values, but other
parameters were found to be greater in the pure Holstein cows (P<0.05), suggesting that the maximum milk
secretion potential during lactation in pure Holstein cows is expected to be higher than that of grade cows. Annual
phenotypic change trends were found to be 0.376 kg/year (R?>=0.9), 0.00009869 (R*=071), -0.146 kg/year
(R?=0.59), -0.011 (R?=0.85), and 0.001 (R?=0.85) for MSmax, GR, MSLmax, NOD, and DR, respectively
(P<0.0001).

Conclusions: This study found that the parameters of the mechanistic model fitted to the milk test day records of
Iranian primiparous dairy cows are significantly influenced by the age and season of calving as well as the
genotype of the cow. Cows calving in summer are expected to have more persistency. Moreover, pure Holsteins
are more persistent than grade cows. Positive and negative annual trends have been detected for MSmax and
MSLmax parameters, respectively, during 1996-2020 indicating a favorable increase in maximum milk secretion
potential of the lactation and also a favorable decrease in maximum secretion loss over that period.
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Table 1. Some information associated with the data structure used in the present research

Information Statistics
Total Number of Records 5596039
Total Number of Cows with Records 821153
Total Number of Sires 7957
Total Number of Dams 530394
Total Number of Herds 579
Total Number of Calving Years (1996-2020) 25
Total Number of Provinces 26
Average Number of Records for each Cow 6.81
Average Number of Records for each Herd 9665
Average Number of Records for each Province 215232
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Table 2. Some descriptive statistics for milk test day records (kg) over the course of lactation in Iranian first
parity dairy cows

i:‘cgtztifn No. Records ~ Mean (kg) SD (kg) CV (%) P25 (kg) P75 (kg)
1 497443 20.42 7.52 25.55 24.60 34.20
2 596168 34.46 7.70 22.36 30.00 39.40
3 577504 35.37 7.74 21.89 30.60 40.40
4 595926 35.26 7.77 22.05 30.40 40.40
5 574394 34.85 7.79 22.34 30.00 40.00
6 588679 34.25 7.85 2291 29.20 39.40
7 566926 33.52 7.88 23.51 28.40 39.00
8 573422 32.60 7.89 24.21 27.40 38.00
9 531260 31.40 7.90 25.15 26.00 36.80
10 494317 30.25 7.93 26.21 25.00 35.60
Overall 5596039 33.26 8.04 24.18 28.00 38.70

* Stage 1: up to 30 d after calving; Stage 2: 31-60 d; Stage 3: 61-90 d; Stage 4: 91-120 d; Stage 5: 121-150 d; Stage 6:151-180
d; Stage 7: 181-210 d; Stage 8: 211-240 d; Stage 9: 241-270 d; Stage 10: 271-305 d. ** 25" percentile ™ 75" percentile
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Table 1. Estimated parameters of nonlinear mechanistic model used to describe the lactation curve of first parity
Iranian dairy cows with respect to different calving seasons

Parameter* Season No. Records Estimate** SE LoweCrI95% UppeCrI95%
Spring 1308649 34.9717° 0.033800 34.9054 35.0380
MSmax (kg) Summer 1446792 34.6972¢ 0.010700 34.6763 34.7182
Autumn 1474656 35.62332 0.010900 35.6020 35.6446
Winter 1365942 35.3871° 0.017000 35.3537 35.4205
Spring 1308649 0.1059¢ 0.000042 0.1059 0.1060
GR Summer 1446792 0.1065°¢ 0.000035 0.1065 0.1066
Autumn 1474656 0.1071%2 0.000033 0.1071 0.1072
Winter 1365942 0.1069° 0.000037 0.1069 0.1070
Spring 1308649 6.35802 0.225800 5.9155 6.8005
MSLmax Summer 1446792 4.8232b 0.095900 4.6352 5.0113
(kg) Autumn 1474656 6.37292 0.061100 6.2530 6.4927
Winter 1365942 6.54422 0.061800 6.4232 6.6653
Spring 1308649 0.17732 0.004060 0.1694 0.1853
NOD Summer 1446792 0.02434 0.001480 0.0214 0.0272
Autumn 1474656 0.0335°¢ 0.001300 0.0310 0.0361
Winter 1365942 0.1548° 0.002800 0.1493 0.1603
Spring 1308649 0.0171¢ 0.000615 0.0159 0.0183
DR Summer 1446792 0.0363? 0.000932 0.0345 0.0381
Autumn 1474656 0.0383% 0.000614 0.0371 0.0395
Winter 1365942 0.0279° 0.000453 0.0270 0.0288

" MSmax: maximum milk secretion potential of the lactation, GR: relative proliferation rate of secretory cell number during
early lactation, MSLmax: maximum secretion loss, NOD: proportion of parenchyma cells dead at parturition, DR: relative

decline rate in cell number.

** For each parameter, calving seasons estimates with different letters are statistically different from each other (P<0.05).
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Table 4. Estimated parameters of nonlinear mechanistic model used to describe the lactation curve of first parity
Iranian dairy cows with respect to different calving ages
Lower 95% Upper 95%

Parameter* Age (mo) No. Records Estimate** SE I I
MSmax (kg) <=25 3694559 35.5473* 0.007440 35.5327 35.5618
>25 1901480 34.2649° 0.017400 34.2309 34.2990
GR <=25 3694559 0.1070 0.000021 0.1070 0.1071
>25 1901480 0.1058° 0.000036 0.1057 0.1058
MSLmax <=25 3694559 5.5043° 0.049600 5.4070 5.6016
(kg) >25 1901480 6.6098* 0.086400 6.4405 6.7791
NOD <=25 3694559 0.0506° 0.001190 0.0482 0.0529
>25 1901480 0.1512° 0.002450 0.1464 0.1560
DR <=25 3694559 0.0327° 0.000417 0.0318 0.0335
>25 1901480 0.0233° 0.000415 0.0225 0.0242

* MSmax: maximum milk secretion potential of the lactation, GR: relative proliferation rate of secretory cell number during early
lactation, MSLmax: maximum secretion loss, NOD: proportion of parenchyma cells dead at parturition, DR: relative decline rate in
cell number.

" For each parameter, calving age estimates with different letters are statistically different from each other (P<0.05).
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Table 5. Estimated parameters of nonlinear mechanistic model used to describe the lactation curve of first parity

Iranian dairy cows with respect to different genotypes
Lower 95% Upper 95%

Parameter* Genotype No. Records Estimate** SE I 1
MSmax Grade 1678202 33.1997° 0.016600 33.1672 33.2322
(kg) Pure Holstein 3917837 35.88942 0.007630 35.8744 35.9043
GR Grade 1678202 0.1060° 0.000038 0.1059 0.1061
Pure Holstein 3917837 0.1068* 0.000021 0.1068 0.1069
MSLmax Grade 1678202 6.5191* 0.096700 6.3295 6.7086
(kg) Pure Holstein 3917837 5.6494° 0.050200 5.5510 5.7478
NOD Grade 1678202 0.1275% 0.002340 0.1229 0.1320
Pure Holstein 3917837 0.0600° 0.001240 0.0576 0.0625
DR Grade 1678202 0.0237° 0.000447 0.0228 0.0246
Pure Holstein 3917837 0.0311? 0.000386 0.0304 0.0319

* MSmax: maximum milk secretion potential of the lactation, GR: relative proliferation rate of secretory cell number during
early lactation, MSLmax: maximum secretion loss, NOD: proportion of parenchyma cells dead at parturition, DR: relative
decline rate in cell number.

" For each parameter, genotype estimates with different letters are statistically different from each other (P<0.05).
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Fig. 1. Radar plot of annual change trend of estimated parameters of MSmax and GR for mechanistic
nonlinear model used for describing the lactation curve of first parity Iranian dairy cows (n of 1 to 25 in the
circle circumstance represent years of 1996 to 2020, respectively)
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Fig. 2. Radar plot of annual change trend of estimated parameters of MSLmax and NOD for mechanistic
nonlinear model used for describing the lactation curve of first parity Iranian dairy cows (numbers of 1 to 25 in
the circle circumstance represent years of 1996 to 2020, respectively)
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Fig. 3. Radar plot of annual change trend of estimated parameters of DR for mechanistic
nonlinear model used for describing the lactation curve of first parity Iranian dairy cows (numbers of 1 to 25 in
the circle circumstance represent years of 1996 to 2020, respectively)
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Table 6. Phenotypic trend for the estimated parameters of nonlinear mechanistic model used to describe the
lactation curve of first parity Iranian dairy cows

Parameter* Trend SE P-value R?

MSmax (kg) 0.37600000 0.026000 0.0001 0.900
GR 0.00009869 0.000013 0.0001 0.708
MSLmax (kg) -0.14600000 0.025000 0.0001 0.594
NOD -0.01100000 0.001000 0.0001 0.849
DR 0.00100000 0.000085 0.0001 0.846

* MSmax: maximum milk secretion potential of the lactation, GR: relative proliferation rate of secretory cell number during
early lactation, MSLmax: maximum secretion loss, NOD: proportion of parenchyma cells dead at parturition, DR: relative
decline rate in cell number.
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