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Introduction: The graphical representation of milk production in a lactation period in the form of a
diagram is called a lactation curve. The lactation curve shows the biological efficiency of an animal
and can be a tool for management and selection. The shape of the lactation curve is characterized by
the initial incremental slope of the curve, the peak production value, the peak time, the slope of the
curve after the peak production (continuation of lactation) and the length of the lactation period. The
shape of the lactation curve provides valuable information that is essential for evaluating the
biological and economic performance of an individual or herd and is useful for genetic evaluation
and screening, health testing, nutritional management decisions, and planning purposes. Estimating
the genetic parameters of the lactation curve and knowing the values of the parameters can be useful
in designing breeding programs and predicting genetic improvements and herd management.
According to the very limited research related to the use of the MilkBot function in fitting the lactation
curves and the genetic investigation of curve parameters for Iranian Holstein cows, this research aims
to fit the lactation curve of the first, second and third abdominal cows and the genetic investigation
of the parameters of the lactation curve of cows was designed and executed.

Material and Methods: In this study, 1650669, 1198923 and 781859 test day records of 122455,
91064 and 60024 first, second and third calving cows belonging to 17 herds between 2012 and 2023
that were collected by Arin Delta Gen International Company were used. The data were edited based
on the following manner: lactation days between 5 and 325 days, the number of test day records for
each animal at least 5 records, calving age for cows in the first parity between 21 and 48 months, for
cows in the second lactation 33 to 60 and 45 to 72 were considered for cows in the third parity. Gaines,
Wood, Wilmink and MilkBot Model were used to fit lactation curves. The NLIN procedure of SAS9.4
software and Gauss-Newton algorithm were used to fit lactation curves. The AIC criterion was used
to select the best model. After the parameters of the curve for the animals were individually fitted
using the best model. The parameters estimated for the animals were used as traits to estimate the
(co)variance components and genetic parameters. A multi-trait animal model was used to estimate
(co)variance components. To estimate the (co)variance components, the restricted maximum
likelihood method and Al algorithm used. AiremlIf90 software was used to estimate variance
components.

Results and Discussion: The MilkBot model was chosen as the best model for all three lactations. It
can be seen that cows with the first Lactation reached the peak of production later and also have better
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milking Persistency and these results are consistent with the physiology of cows and the production
process of different lactation cows. Estimated heritability for the cows of the first lactation is equal
to 0.107 (0.040), 0.052 (0.020), 0.034 (0.010) and 0.019 (0.020) respectively. The second is equal to
0.110 (0.050), 0.014 (0.010), 0.029 (0.020) and 0.086 (0.011) and for the cows of the third Lactation
150.123, (0.010) 0.078, (0.051) 0.026 and (0.020) 0.0631. The genetic correlation between parameters
of lactation curve was obtained in the range of -0.085 between parameters a and d of the first Lactation
cows and 0.891 between parameters a and b. Phenotypic correlation was obtained in the range of
0.119 between b and ¢ parameters of the second Lactation cows and 0.697 between a and ¢ parameters
of the third Lactation cows. In general, the heritability’s obtained for the lactation curve are low and
only first parameter has a relatively moderate heritability. The small heritability of these traits
indicates that the lactation curve has been greatly influenced by environmental factors and as a result
of the genetic selection of these traits there has been little genetic progress and it takes many
generations to reach an optimal level. One of the possible ways to improve the lactation curve is to
examine the traits that have a high genetic correlation with the parameters of the lactation curve and
have suitable heritability, which can be used as a suitable criterion to improve the shape of the
lactation curve. The range of genetic correlations is between -0.085 to 0.891 and the range of
phenotypic correlations is between 0.119 and 0.697. The genetic correlation between parameter a and
parameters b, ¢ and d show that the highest genetic correlation is between parameter a and b and the
phenotypic correlation is between parameter a and parameter c. The positive correlation between
initial production and the increasing slope to peak production indicates that cows with higher initial
production reach peak production at a suitable fast.

Conclusion: Based on the findings of this research, the MilkBot model was chosen as a very efficient
model in fitting the lactation curve and also estimating important parameters in the management and
genetic improvement of herds. The heritability of the parameters of the lactation curve shows the low
effect of the additive genetic effect on the shape and structure of the curve, and it can be concluded
that genetic factors are less effective on the curve than other factors such as environmental factors,
and as a result, a large number of generations is needed for the genetic improvement of the herd. It is
necessary in terms of the lactation curve. Genetic correlation of lactation curve parameters with other
traits can be an important and appropriate way to improve the genetics of lactation curve by selecting
correlated traits.
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Table 1- Functions used to describe the lactation curve of dairy cows

Equation No. of parameters Functional form
Gaines 2 Y = ae™
Wood 3 Y = at%e™
Wilmink 3 Y = a+ be%%®+ct
MilkBot 4 Y =a (1 -—expC "™/2) exp™

Y is milk yield(kg/d), t is time of lactation (DIM), and a, b, ¢, d, g and h are parameters that define the scale and shape

of the curve.
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Table 2- Equations used to calculate the additional traits from MilkBot lactation function

Trait Functional
1
Peak Time aexp(—d(c - bLog[2])a.b.c.d]) x (1 = (c — (c —bLog[2])[a.b.c. d]))
2 exp 7
. (2bd)
Peak Yield —
¢ = blogli =34

Persistency 0-693/d

Milk 305

(a — aexp(—305d))/d) + (abexp(%) x (=1 + exp (—305 (% + d))))/(z +2bd)

il (K53 slsiebl 5 osllssS-oibls
sl € S sl oallssS oSl

WAl o 5 Soseds Jae Gl (2l

ol 8 (5 B el g il 4 b se @ Sl
5 s Ol Gy oalS il C bl sl 4wl
Aond a gl (5l aaliine 4o Glgie w0 Sl
sad uyly ob Sl gaie slajiel,l il o

shal wsln sle cle Hlaen WK Gl



VP Jlo /Y o)lasds YO als /ol pole (sla ying}

OhlSan 5 038 o3l 00 TY

S g b

s, S, e sl bl Jola ¥ Jus
il oo asen 5 pss oJl 1S3 sl 58 ¢ 5e3T5,
e oSd slaglS oS aas o LIS Y Jpua @l
5 ds) o< lagll @ a1 YL s oSk
sladss O ) eob so Lau, S, Sk )l eisé
JSE o8 a5 pos Jsl oSl laglS (sl aasal
S oo taalin \ K da o8 Ll sud suly LES Y
Sl 5 Had il 55 IS bt Sl oS sla K oS
2l 53 2ol 0 (I AY 550) sioes slad s, oo Gniae
LS & cand 50 S gl wd S lle 5 saa,
KNURIPY S (PR T PR (P WP TS
pen 5 pss oS slagl€ il YL oS sl @
5 ea,y a8 mol G s 80mb Aued sl Lo
RVRIKIRIIEE (T KUK

S ouliiaal U passnd (fade sadd ays0 s slasielsl
ol sudi sols LEs € Jgaas o Al sledus

Table 3- Descriptive statistics of milk test day records
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Lactation Minimum(kg) Maximum(kg) Mean(kg) Median(kg) SD (kg) CV%
1 5.00 86.20 35.67 37.00 10.02 28.09
2 5.00 89.60 39.82 41.30 13.25 33.27
3 5.00 90.00 41.17 42.70 14.50 35.22

60.0
= 50.0
<
o 40.0
2
>.
~ 30.0
= 200
10.0 . . . . . . . . . . —
15 45 75 105 135 165 195 225 255 285 325
DIM
—o—Lactl —{1Lact2 —©—Lact3

Figure 1- Average daily test day records for different lactation
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Table4. Lactation Curves Parameters of different Equations in three lactations (S.E)

Lactation  Equation a b c d AIC

Gaines 36.87 (0.014) 0.002 (0.0160) 3298614

1 Wood 12.14 (0.021) 0.311 (0.0050) 0.0024 (0.0035) 3067966
Wilmink ~ 41.95 (0.022) -31.87 (0.0530) -0.0134 (0.0001) 3062544
MilkBot  47.25 (0.036) 29.25 (0.1200) -0.5000 (0.0414) 0.001 (0.0002) 3058037

Gaines 48.16 (0.022) 0.001 (0.0002) 2592503

2 Wood 16.51 (0.034) 0.323 (0.0006) 0.0040 (0.0052) 2423435
Wilmink  59.53 (0.004) -45.17 (0.0080) -0.1072 (0.0003) 2419521
MilkBot ~ 62.93 (0.053) 28.78 (0.1030) -0.3700 (0.0362) 0.002 (0.0003) 2415856

Gaines 51.17 (0.029) 0.001 (0.0003) 1740005

3 Wood 16.84 (0.043) 0.339 (0.0007) 0.0043 (0.0059) 1626820
Wilmink  64.15 (0.050) -49.48 (0.1020) -0.1304 (0.0004) 1623542
MilkBot  69.11 (0.078) 29.45 (0.1330) -0.3400 (0.0473) 0.002 (0.0005) 1621662
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Table 5- Some result from MilkBot lactation curve parameters

Lactation tPeak (Day) yPeak (Kg) Persistence Milk305 (Kg)
1 83 42.23 693 11765
2 63 52.41 347 13525
3 60 56.20 298 14132

tPeak = Time of Peak (day), yPeak = Yield of Peak Time (kg)
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Figure 2- Comparison of Observed (Obs) milk and Predicted (Pre) with different functions. Figure (i) Curves by

Gaines, (ii) curves by Wood, (iii) by Wilmink and (iv) by MilkBot functions.
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Table 6- Variance components and heritability of MilkBot lactation curve parameters in different lactations

MilkBot Lactation Curve

Lactation 1 Lactation 2 Lactation 3
Parameters

Var (a) 86.8490 175.8200 256.3870

a Var (e) 723.9900 1416.1000 1826.7000
Var (P) 810.8390 1591.9200 2083.0870
h? (S.E) 0.107 (0.040) 0.110 (0.050) 0.123 (0.013)
Var (a) 453.5800 108.9200 101.7500

b Var (e) 8574.5000 7163.6000 1201.5400
Var (P) 9028.0800 7272.5200 1303.2900
h? (S.E) 0.052 (0.020) 0.014 (0.010) 0.078 (0.010)
Var (a) 43.9130 137.9800 109.2500

c Var (e) 1236.8000 4509.9000 4012.8500
Var (P) 1280.7130 4647.8800 4122.1000
h? (S.E) 0.034 (0.010) 0.029 (0.020) 0.026 (0.051)
Var (a) 0.0011 0.0069 0.0008

q Var (e) 0.0563 0.0726 0.0131
Var (P) 0.0574 0.0796 0.0140
h? (S.E) 0.019 (0.020) 0.086 (0.011) 0.0631 (0.020)
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Table 7- Estimated of genetic correlations (above diagonal) and phenotypic correlations (below diagonal) among

MilkBot lactation curves parameters

Lactation Parameters a b c d
a 0.860 0.569 -0.058
1 b 0.522" 0.574 -0.003
c 0.681" 0.496" 0.782
d 0.604" 0.293"™ 0.570"
a 0.891 0.521 -0.075
) b 0.575" 0.536 -0.009
c 0.556" 0.119m 0.724
d 0.610" 0.382" 0.411m
a 0.876 0.502 -0.085
3 b 0.517" 0.528 -0.008
c 0.697" 0.533" 0.651
d 0.618" 0.261" 0.520"

*: Significant in 0.05
ns: Non-significant
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